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Introduction

Partnerships for Enhanced Engagement in Research (PEER) was a competitive grants program that
invited scientists in low and middle-income countries (LMICs) to apply for awards of up to $300,000 to
support research and capacity-building activities on topics with strong potential development impacts.
Funded by the U.S. Agency for International Development (USAID) and implemented by the National
Academies of Sciences, Engineering, and Medicine (NASEM), from 2011 to 2024, PEER supported over
463 scientists in 60 USAID-partner countries. These researchers partnered with U.S. government-
supported scientists in mutually beneficial collaborations that produced scientific breakthroughs,
trained future scientists, built capacity at local higher education institutions, and translated evidence
into policy. Funded researchers examined international development topics such as environmental
resilience, global health, and digital development, among others. PEER’s core objectives were (1)
advancing high quality research to improve programs and policies; (2) building partnerships between
local research institutions and in-country and global entities; and (3) strengthening the research
capacity in developing countries to generate solutions to local challenges.

PEER Structure

Each PEER project started as an application, where local scientists and their U.S.-based partners
outlined in detail their proposed research topic, project goals, and how the topic aligned with USAID
priorities. Projects were then rated by a panel of scholars convened by NASEM and ultimately selected
for funding by NASEM and USAID. PEER researchers partnered with U.S.-based researchers funded or
employed by the National Aeronautics and Space Administration, the National Institutes of Health, the
National Oceanic and Atmospheric Administration, the National Science Foundation, the U.S.
Department of Agriculture, the U.S. Geological Survey, or the Smithsonian Institution. PEER projects
generally lasted up to three years, though many received no-cost extensions. PEER grantees used their
flexible funding to conduct research, purchase equipment, provide training and stipends for students,
travel to visit U.S. partners, attend conferences, and other relevant expenses.

Impact

Over 13 years, PEER strengthened the capacity of local institutions while producing research that
influenced policy and programs. PEER created or supported research partnerships involving 325 low
and middle-income institutions and 153 U.S. institutions in 60 states. In total, over 2,700 students were
part of PEER teams; 51 percent of the students were women. PEER Principal Investigators have
published over 1500 peer-reviewed journal articles to date.

Due to the complex and long-term nature of research for development, USAID staff designed a
Program and Policy Change (PPC) Framework that measures the social and economic impact of
research projects across various sectors. USAID and NASEM staff measured the extent to which PEER
project results were used as evidence to inform local, regional, or national policies, programs, or
behavior changes by external stakeholders. At the end of the program, PEER delivered 188 program
and policy changes at the local, national, and regional levels. A few examples of high-impact PEER
projects include:

e A group of researchers in Kenya and Tanzania teamed up to sequence, catalog, and document
the DNA of endangered wildlife into barcodes now used by East African law enforcement
agencies to track and prosecute illegal wildlife traffickers.



e PEER researchers worked with community members to address forest degradation and illegal
gold mining and logging in the Peruvian Amazon using remote sensing technology. With
research team training, park rangers and Indigenous community members co-designed
methods to monitor the region and respond to illegal activity while ensuring the safety of
community members.

e Agroup of researchers in Malawi and Mozambique worked with U.S. universities to study
Cervical Cancer Screening and Preventive Therapy, which informed national cervical cancer
screening and treatment guidelines in both countries.

e Indian researchers worked to develop, pilot, patent, and market the Farm SunFridge, a
batteryless, off-grid solar-refrigerator that allows farmer groups to cool their produce and
reduce spoilage. As a result, farmers and governments hope to build Sunfridges in Ethiopia,
Kenya, Bangladesh, and Bhutan.

e Throughout Africa and Asia, the PEER Women in Science Mentoring Program provided
opportunities for early career women scientists to build skills in topics such as work-life balance,
networking, proposal writing, publishing research papers, and access to small grants to kick
start their research.

The longevity of the PEER program speaks to the support of numerous global partners, including
multiple U.S. government agencies and USAID Missions. PEER Pls and their teams collectively received
more than $133 million in additional funding to continue and expand their research as a result of
working with PEER. On the U.S. side, PEER projects leveraged more than $580 million in U.S. science
agency funding that went to U.S. partners. However, what is most unique about PEER is its focus on
local research teams tackling local and regional problems in partnership with U.S. partners.

This Book

USAID and NASEM are proud to present the following “PEER Funded Project Summaries” book, a
culmination of thirteen years of hard work, dedication, and research by hundreds of scientists across
the globe. In this book, you will find a comprehensive summary of every project conducted between
2011 and 2024. By compiling an aggregate list of achievements made by the PEER scientists, we hope
to elevate the work of these research teams who are changing the development landscape.



AFRICA




BENIN

Benin - Project 8-211: Entomopathogenic nematodes and plant resistance for the control of sweet potato
weevils (Cylas spp.) in Benin and in South Africa

PI: Hugues Kossi Baimey, University of Parakou

U.S. Partner: David Shapiro-Ilan, United States Department of Agriculture/Agricultural Research Service, Southeast
Fruit and Tree Nut Research Lab

BOTSWANA

Botswana - Project 9-452: Long-term impacts of land-use/land-cover dynamics on surface water quality in
Botswana’s reservoirs using satellite data and artificial intelligence methods: case study of the Botswana’s
Limpopo River Basin (1984-2019)

PI: Yashon Ouma, University of Botswana

U.S. Partner:Jiaguo Qi, Michigan State University (funded by the National Aeronautics and Space Administration)

Botswana - Project 9-477: livelihood change in the context of community conservation - Chobe, Botswana
PI: Lin Cassidy, Okavango Research Institute, University of Botswana
U.S. Partner: Andrea Gaughan, University of Louisville, Kentucky (funded by the National Science Foundation)

BURKINA FASO

Burkina Faso - Project 8-116: Increasing access to sanitation services integrated with resource recovery in rural
Burkina Faso

PI: Ynoussa Maiga, University of Quaga | Pr Joseph Ki-Zerbo

U.S. Partner: James Mihelcic, University of South Florida (funded by the National Science Foundation)

CAMEROON

Cameroon - Project 4-360: Using geospatial tools to investigate how deforestation affects the transmission of
malaria in birds

PI: Anong Damian Nota, University of Buea

U.S. Partner: Thomas Smith, University of California, Los Angeles (funded by the National Science Foundation)

Cameroon - Project 3-12: Biochar and compost from cocoa pod husk: opportunities for crop fertilization and
suppression of black pod disease

PI: Njukeng Nkengafac, Institute of Agricultural Research for Development

U.S. Partner: Bin Gao, University of Florida (funded by the National Science Foundation)

ETHIOPIA

Ethiopia- Project 6-400: Promoting Resource- Oriented Sanitation in Peri-urban Ethiopia throughthe Production
of Struvite from Digested Sludge Filtrate

PI: Adey Desta, Addis Ababa University

U.S. Partner: Nancy Love, University of Michigan (funded by the National Science Foundation)

Ethiopia - Project 5-610: Improved access and uptake of maternal and child health services in rural Ethiopia
through collaborative community and health systems partnership

Pl: Getahun Asres Alemie, University of Gondar

U.S. Partner: Judd Walson, University of Washington (funding by the National Institutes of Health)
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Ethiopia - Project 5-194: Bringing seasonal forecasts to the farmer: participatory climate smart villages for Green
Growth in Ethiopia

Pl: Belay Simane, Addis Ababa University

U.S. Partner: BenjaminZaitchik, Johns Hopkins University (funded by the National Aeronautics and Space Agency)

Ethiopia - Project 4-315: Enhancing food security through improved productivity, nutrition, and marketing of
chickpeas in central and western Ethiopia

Pl: Kassahun Tesfaye Geletu, Institute of Biotechnology, Addis Ababa University

U.S. Partner: Douglas Cook, University of California, Davis (funded by the National Science Foundation)

Ethiopia- Project 3-94: Development of a Microgrid Research Center in Ethiopia to support USAID’s Power Africa
program

Pl: Belachew Gessesse with co-PI Nigus Gabbiye Habtu, Bahir Dar University

U.S. Partner: Suman Banerjee, University of Wisconsin-Madison (funded by the National Science Foundation)

Ethiopia - Project 2-333: Development and field testing of high-performance aluminium oxide-based
technologies for fluoride removal in the Ethiopian Rift Valley

Pl: Feleke Zewge Beshah, Addis Ababa University

U.S. Partner: David Sabatini, University of Oklahoma (funded by the National Science Foundation)

Ethiopia - Project 1-289: Reducing soil loss through effective soil and water conservation practices using
hydrologic considerations and farmers’ participation in Blue Nile Basin

PI: Seifu Tilahun, Bahir Dar University

U.S. Partner: Christopher Barrett, Cornell University (funded by the National Science Foundation)

Ethiopia - Project SG1-003: Unlock the potential of Begait cattle: genome wide assessment of genetic diversity,
population structure and association study using high density single nucleotide polymorphism (SNP) marker
Pl: Selam Meseret, Ethiopian Biotechnology Institute

GHANA

Ghana - Project 9-518: Community and Hospital-based obstetrics WhatsApp triage, referral, and transfer (WAT-
RT) system

PI: Veronica Millicent Dzomeku, Kwame Nkrumah University of Science And Technology, Kumasi- Ghana
U.S. Partner: Jody Lori, University of Michigan (funded by the National Institutes of Health)

Ghana - Project 9-117: Agrivoltaic technology in drylands of West Africa: Strengthening national innovation
systems for diffusion and market development at the water-energy-food nexus

Pl: Francis Kemausuor, The Brew-Hammond Energy Centre, Kwame Nkrumah University of Science and
Technology, with co-Pl Patricia Amankwaa-Yeboah, CSIR-Crops Research Institute

U.S. Partner: Efthymios Nikolopoulos, Florida Institute of Technology(fundedby the National Science Foundation)

Ghana - Project 4-40: Development of high-yielding Aflatoxin-resistant maize hybrids for improved nutrition and
health in Ghana

PI: Allen Oppong, CSIR, Crops Research Institute

U.S. Partner: Marilyn Warburton, USDA ARS Corn Host Plant Resistance Research Unit

Ghana - Project 3-186: PRESSA: Photovoltaic Reliability Evaluation in Sub-Sahara Africa

Pl: Gabriel Takyi, Kwame Nkrumah University of Science & Technology

U.S. Partner: Christiana Honsberg and Mani G. TamizMani, Arizona State University (funded by the National
Science Foundation)
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Ghana - Project 2-251: Development of edible and medicinal mushrooms as functional foods in Ghana
PI: Mary Obodai, Council for Scientific and Industrial Research, Food Research Institute
U.S. Partner: Steven J. Schwartz, The Ohio State University (funded by the National Science Foundation)

Ghana - Project 1-142: Possible causes of the contraction of West Africa’s rainfall season under global warming:
implications for agriculture

PI: David Cudjoe Adukpo, University of Cape Coast

U.S. Partner: William Gutowski, Jr., lowa State University (funded by the National Science Foundation)

Ghana —Project SG1-002: The gut microbiome composition and its implication for hypertension
Pl: Adjoa A. Boakye, University of Health and Allied Sciences

KENYA

Kenya - Project 9-69: Enhancing capacity of local communities in Laikipia County, Kenya: Increasing
preparedness and response to emerging infectious diseases in parallel with preservation of biodiversity
Pl: Joseph Kamau, University of Nairobi

U.S. Partner: Dawn Zimmerman, Smithsonian Institution (funded by the Smithsonian Institution)

Kenya - Project 8-105: Distribution and species diversity of bats (Mammalia: Chiroptera) in Kenya
PI: Paul Webala, Maasai Mara University
U.S. Partner: Dawn Zimmerman, Smithsonian Institution

Kenya - Project 8-66: Deploying Striga smart sorghum: The last mile
Pl: Steven Runo, Kenyatta University
U.S. Partner: Emily Bellis, Arkansas State University (funded by the National Science Foundation)

Kenya - Project 8-56: Application of partitioned woody and herbaceous forage estimates in index-based
livestock insurance, a better alternative to NDVI as a proxy for forage index

PI: Milkah Kahiu, International Livestock Research Institute, in partnership with Jomo Kenyatta University of
Agriculture and Technology

U.S. Partner: Niall Hanan, New Mexico State University (funded by the National Aeronautics and Space
Administration)

Kenya - Project 5-93: Remote sensing and GIS mapping for land use changes in Laikipia ecosystem, Kenya: a tool
to explore patterns of biodiversity and emergence of vector-borne zoonoses and enhance environmental
management and community health

PI: Nancy Moinde, Institute of Primate Research-National Museums of Kenya

U.S. Partner: Peter Leimbruger, Smithsonian Institution

Kenya - Project 4-494: Enhancing conservation of African buffalo and rangeland habitat through molecular
investigations of foot-and-mouth disease at the wildlife-livestock interface

PI: Francis Gakuya, Kenya Wildlife Service

U.S. Partner: Andres Perez, University of Minnesota (funded by the United States Department of Agriculture/
National Institute of Food and Agriculture)

Kenya- Project 4-457: Using an integrated modeling framework to evaluate the impact of human-induced land
use/land cover change on carbon dynamics in the Upper Ewaso Ngiro River Basin, Kenya

PI: Stephen Kiama, Kenya Forestry Research Institute

U.S. Partner:Scott Goetz, Woods Hole Research Cente (funded by the National Aeronautics and Space Agency)
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Kenya- Project 4-428: Enhancing elephant conservation and protection in East Africa with molecular genetic
tools

PI: Moses Otiende, Kenya Wildlife Service

U.S. Partner: Samuel Wasser and David Schindel, Smithsonian Institution

Kenya - Project 4-365: DNA barcoding to combat wildlife crime
PI: Henry Ndithia, National Museums of Kenya
U.S. Partner: David Schindel, Smithsonian Institution

Kenya - Project 4-342: Use of DNA technology in combating illegal trade and promoting conservation and
sustainable use of plants in Kenya and Tanzania

Pl: Beatrice Khayota, National Museums of Kenya

U.S. Partner: David Schindel, Smithsonian Institution

Kenya - Project 4-192: End of the road for illegal bushmeat trade in East Africa: establishing transboundary
surveillance by high resolution melting analysis of vertebrate molecular barcodes

PI: Lilian Wambua, International Center for Insect Physiology and Ecology

U.S. Partner: Scott Miller, Smithsonian Institution

Kenya, Ethiopia, and Tanzania - Project 3-233: GeoPower Africa

PI: Nicholas Mariita, Dedan Kimathi University of Technology, Kenya, with co-Pls Jacques Varet, Dedan Kimathi
University of Technology (DeKUT); Tesfaye Kidane Birke, Addis Ababa University; and Gabriel Mbogoni, Geological
Survey of Tanzania

U.S. Partner: Cynthia Ebinger, University of Rochester (funded by the National Science Foundation)

Kenya- Project 3-210: Development and implementation of a solar PV outreach training module for capacity
building in East Africa

Pl: 1zael Da Silva, Strathmore University

U.S. Partner: Benjamin L. Ruddell, Arizona State University (funded by the National Science Foundation)

Kenya- Project 3-154: Mwangaza project on science, technology, engineering, and mathematics and computing
education for students in Kenya with vision loss

PI: Marguerite Miheso O'Connor, Kenyatta University

U.S. Partner: Bruce N. Walker, Georgia Institute of Technology (funded by the National Science Foundation)

Kenya - Project 2-447: Capacity building in fish biodiversity discovery in Kenya
PI: Dorothy Wanja Nyingi, National Museums of Kenya
U.S. Partner: Henry Bart Jr., Tulane University (funded by the National Science Foundation)

Kenya- Project 2-349: Derailing witchweed (Striga) virulence in rice to achieve durable and broad-spectrum
resistance

PI: Steven Runo, Kenyatta University

U.S. Partner: Mike P. Timko, University of Virginia (funded by the National Science Foundation)

Kenya - Project 2-335: Unlocking agricultural potential in drylands: enhancing efficient utilizationof soil moisture
for improved smallholder farm productivity in ASALs of Kenya

PI: Mary Baaru, Kenyatta University

U.S. Partner: Ethan Allen, Pacific Resources for Education and Learning (funded by the National Science
Foundation)




Kenya - Project 2-219: Strengthening institutional capacity for participatory action research in sustainable
aquaculture

Pl: Joyce Gichiku Maina, University of Nairobi

U.S. Partner: Irene Kimaru, St. John Fisher College (funded by the National Science Foundation)

Kenya- Project 2-135: Harnessing genomics of edible African Solanaceae plants for improved nutritional and
food security

PI: Willis Owino, Jomo Kenyatta University of Agricultureand Technology, with co-Pl Jane Ambuko, University of
Nairobi

U.S. Partner: James Giovannoni, USDA-ARS, Boyce Thompson Institute for Plant Research, Cornell

University (funded by the National Science Foundation)

Kenya- Project 1-382: Natural resources interacting with health outcomes: understanding fishery resource use
and improving nutrition in western Kenya

PI: Richard Magerenge, Organic Health Response-Ekialo Kiona Center

U.S. Partner: Justin Brashares, University of California, Berkeley (funded by the National Science Foundation)

Kenya- Project 1-207: Addressing drinking water quality challenges in developing countries: case study of Lake
Victoria Basin

Pl: Shem Wandiga, University of Nairobi

U.S. Partner: Benito Mariias, University of lllinois Urbana-Champaign, formerly Mark Shannon (funded by the
National Science Foundation)

Kenya- Project 1-198: Natural pest and weed suppression functions by birds as incentives to conserve a globally
threatened bird species and enhance livelihoods in an agricultural landscape

Pl: Peter Njoroge, National Museums of Kenya

U.S. Partner: Matthew Johnson, Humboldt State University (funded by the National Science Foundation)

Kenya - Project H1-175: Impact of PRONTO training in emergency obstetric and newborn care on 24-hour
neonatal mortality

PI: Onesmus Gachuno, University of Nairobi

U.S. Partner: James Kiarie, University of Nairobi (funded by the National Institutes of Health)

Kenya - Project H1-120: Feasibility and effectiveness of the baby friendly community initiative (BFCI) in Kenya: a
pilot community trial in a rural setting

PI: Judith Kimiywe, Kenyatta University

U.S. Partner: Stephen McGarvey, Brown University (funded by the National Institutes of Health)

Kenya — Project SG1-001: Evaluationof nutritional and pharmacological potential of Kenyan Doum Palm: towards
improved livelihoods
Pl: Cecilia Mbithe Mweu, Jomo Kenyatta University

Kenya —Project SG1-004: Towards improving nutritional outcomes through adoption of biofortified orange
fleshed sweet potato climate smart technologies in Isiolo County, Kenya
Pl: Agnes Kavoo, Jomo Kenyatta University

Kenya —Project SG1-005: Development of a visual detection microarray-based method for the detection of
multiple Aflatoxin producing Aspergillus species
PI: Lilian W. Kamau-Gatogo, Kenyatta University




MADAGASCAR

Madagascar - COV-164: Resilient food systems and biodiversity under future crises in Madagascar

PI: O. Sarobidy Rakotonarivo, University of Antananarivo

U.S. Partner: Randall Kramer, Andrew Bell, and James Herrera, Duke University (funded by National Institutes of
Health)

Madagascar - Project 9-232: Improving human livelihoods through holistic conservation of Malagasy orphaned
plants, the iconic Baobab trees

Pl: Seheno Andriantsaralaza, University of Antananarivo

U.S. Partner: Onja Razafindratsima, University of California, Berkeley(fundedby the United States Department of
Agriculture/ National Institute of Food and Agriculture)

Madagascar - Project 8-168: Improving mangrove forest carbon and socioeconomic data to improve
management in Madagascar

PI: Herintsitohaina Razakamanarivo, University of Antananarivo Laboratory of Radioisotopes

U.S. Partner: Richard MacKenzie, U.S. Forest Service Institute of Pacific Islands Forestry

Madagascar - Project 7-477: Building a reference collection for Malagasy rosewood, palissander and ebony
identification

PI: Bako Harisoa Ravaomanalina, University of Antananarivo

U.S. Partner:John Hermanson and Michael Wiemann, United States Department of Agriculture, Forest Service,
Forest Products Laboratory

Madagascar - Project 6-134: Community-based monitoring and management of Madagascar’s National Park
protected areas

PI: Lalatiana Randriamiharisoa, Madagascar National Parks

U.S. Partner: Brett Scheffers, University of Florida (funded by the United States Department of Agriculture/
National Institute of Food and Agriculture)

Madagascar - Project 6-125: Wild and edible insects to sustain forests and fight malnutrition.
PI: Andrianjaka Ravelomanana, Madagascar Biodiversity Center
U.S. Partner: Brian Fisher, California Academy of Sciences (funded by the National Science Foundation)

MALAWI

Malawi - Project 9-493: Bridging higher education and practice: Addressing gender inequity in STEM and
sanitation in Malawi

PI: Brighton Chunga, Mzuzu University

U.S. Partner: Francis L. de los Reyes Ill, North Carolina State University (funded by the National Science
Foundation)

Malawi - Project 1-307: Soil carbon distribution and dynamics in Malawi: a unique opportunity to optimize
sustainable land use and enhance food security

PI: Jimmy Namangale, Chancellor College

U.S. Partner: G. Philip Robertson, Michigan State University (funded by the National Science Foundation)

Malawi - Project H1-5: Introducing "Option B+" in Malawi: impact on child outcomes
PI: Frank Chimbwandira, Malawi Ministry of Health
U.S. Partner: Matthias Egger, University of Bern



https://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_364181

MALI

Mali - Project 8-207: Development of hay production techniques for livestock fattening and agro-pastoral
resilience in the western Sahel of Mali

PI: Moussa Karembe, University of Sciences, Techniques, and Technologies of Bamako

U.S. Partner: Niall Hanan, New Mexico State University (funded by the National Aeronautics and Space
Administration)

Mali - Project 8-102: Production of commercial bioplastic-based biopesticide to control aflatoxin contamination

in crops
PI: Amadou Hamadoun Babana, University of Sciences, Techniques, and Technologies of Bamako

U.S. Partner: Hamed K. Abbas, United States Department of Agriculture/ Agricultural Research Service

Mali - Project 6-157: Evaluation study of the use of digital technologies for agriculture and food security in Mali
PI: Amadou Sidibé, Institute Politechnique Rural Katibougou
U.S. Partner: Laura Schmitt Olabisi, Michigan State University (funded by the National Science Foundation)

Mali - Project 6-142: Improving Parkland Management and Agriculture Using UAV Technology in Mali
Pl: Fadiala Dembele, Institute Politechnique Rural Katibougou
U.S. Partner: Paul Laris, California State University, Long Beach (funded by the National Science Foundation)

Mali — Project 5-148: More rice for Africa: enhancing smallholder farmers’ rice yields in Africa throughthe use of
efficient and low cost endophytic Actinomycetes biopesticide

PI: Amadou Babana, University of Sciences, Techniques and Technologies of Bamako (USTTB)

U.S. Partners: David Weller, U.S. Department of Agriculture/Agricultural Research Service, and Dr. Linda Kinkel,
University of Minnesota

Mali - Project H1-85: Optimization of SMC delivery and its effects on the acquisition of malaria immunity

PI: Alassane Dicko, University of Bamako

U.S. Partner: Patrick Duffy, National Institute of Allergy and Infectious Diseases (NIAID) (funded by the National
Institutes of Health)

MOZAMBIQUE

Mozambique - Project 8-173: Understanding interactions between people, elephants and fires in the miombo
woodlands of Niassa National Reserve in support of biodiversity conservation action

PI: Natasha Ribeiro, Eduardo Mondlane University

U.S. Partner: Fernando Sedano, University of Maryland, College Park (funded by the National Aeronautics and
Space Administration)

Mozambique - Project 2-156: Ecosystem carbon analytical laboratory
Pl: Salomao Bandeira, Universidade Eduardo Mondlane
U.S. Partner: Ilka C. Feller, Smithsonian Environmental Research Center

Mozambique - Project H1-64: Reducing loss-to-follow-up among HIV-exposed infants in central Mozambique
PI: Lucia da Costa Vieira, Beira Operations Research Center (CIOB)
U.S. Partner: James Pfeiffer, University of Washington (funded by the National Institutes of Health)




NIGERIA

Nigeria - Project 3-208: Systems engineering perspective on power transmission for Nigeria
Pl: Adegoke Melodi with co-PI Olatubosun Olabode, The Federal University of Technology, Akure
U.S. Partner: Kevin Tomsovic, University of Tennessee (funded by the National Science Foundation)

Nigeria - Project 2-504: Improving Yam (Dioscorea spp.) seed systems through production of dormancy-
controlled seed tubers in temporary immersion bioreactors

PI: Morufat Balogun, University of Ibadan

U.S. Partner: Wayne Curtis, The Pennsylvania State University (funded by the National Science Foundation)

Nigeria - Project 2-463: Renewable energy: desktop learning module for gasification processes
PI: Idris Bugaje, National Research Institute for Chemical Technology
U.S. Partner: Bernard J. Van Wie, Washington State University (funded by the National Science Foundation)

Nigeria — Project SG1-008: Food neophobia and willingness to try fortified foods among Nigerians
Pl: Folake lIdowu-Adebayo, Federal University Oye-Ekiti

SIERRA LEONE

Sierra Leone - Project H1-17: Lassa fever pathobiology in children and during pregnancy
PI: Donald Grant, Lassa Fever Program Kenema Government Hospital
U.S. Partner: Robert Garry, Tulane University School of Medicine (funded by the National Institutes of Health)

SENEGAL

Senegal - COV-053: Designing and evaluating a wastewater pathogen monitoring tool for sewered and non-
sewered sanitation systems to prevent disease outbreaks in Dakar, Senegal

PI: Nouhou Diaby, Université Cheikh Anta Diop

U.S. Partner: William Tarpeh, Stanford University (funded by National Science Foundation)

Senegal - Project 2-432: Rhizosphere biology of shrub created resource islands of Sahelian agroecosystems:
optimization and adaptation to climate change

PI: Yacine Badiane Ndour, Institut Senegalais de Recherches Agricoles

U.S. Partner: Richard P. Dick, Ohio State University (funded by the National Science Foundation)

Senegal - Project 2-344: Impact of climate change on freshwater availability for Senegal: modeling future
changes in hydro-climatology of Lake of Guiers

Pl: Mouhamadou Bamba Sylla, Ecole Supérieure Polytechnique de I'Université Cheikh Anta Diop

U.S. Partner: Jeremy Pal, Loyola Marymount University (funded by the National Science Foundation)

SOUTH AFRICA

South Africa- COV-100: Impact of COVID-related disinfectants in the food processing sector on the downstream
impact of antimicrobial resistant pathogens and endocrine disrupting chemicals into wastewater systems
PI: Lise Korsten, University of Pretoria, South Africa

U.S. Partner: Charles Gerba, University of Arizona (funded by United States Department of Agriculture/ National
Institute of Food and Agriculture)




South Africa - COV-079: Friction and flows: understanding COVID-19 impacts on the wildlife economy in
southern Africa

PI: Annette Hubschle, University of Cape Town

U.S. Partner: Meredith Gore, University of Maryland (funded by National Science Foundation)

South Africa- COV-060: Early child development duringa global pandemic: Indirect effects of COVID-19 in South
Africa

PI: Roisin Elizabeth Drysdale, University of the Witwatersrand

U.S. Partner: Chris Desmond, University of KwaZulu-Natal (funded by National Institutes of Health)

South Africa- COV-054: YouthCAN - Co-design African Needs: Exploring strategies to increase the uptake of a
SARS-CoV-2 vaccine in youth: A co-designed study with youth

PI: Janan Dietrich, Perinatal HIV Research Unit, Division of the University of the Witwatersrand

U.S. Partner: Avy Violari, Perinatal HIV Research Unit, Division of the University of the Witwatersrand (funded by
National Institutes of Health)

South Africa- COV-041: Understanding the impact of COVID-19 and the national lockdown restrictions on sex
worker uptake of health services in four sites in Gauteng, South Africa: A retrospective record review

Pl: Khuthadzo Hlongwane, Perinatal HIV Research Unit (PHRU), a Division of the University of the Witwatersrand
and co-Pl Jenny Coetze, African Potential Foundation

U.S. Partner: Glenda Gray, South African Medical Research Council and Perinatal HIV Research Unit, Division of the
University of the Witwatersrand (funded by National Institutes of Health)

South Africa- Project 6-450: Water Security and Social-Hydrological Resilience for Rural Small-scale Crop Value
Chains

Pl: Marizvikuru Manjoro nee Mwale, University of Venda

U.S. Partner: Brian Chaffin, University of Montana, Missoula (funded by the National Science Foundation)

South Africa - Project 6-448: Design of metal-oxide nanoparticle reinforced Nano-fibrous biopolymer composites
for water treatment

PI: Wilson Gitari, University of Venda

U.S. Partner: James Smith, University of Virginia (funded by the National Science Foundation)

South Africa - Project 6-447: Effectiveness of point-of-use water treatment technologies to prevent child
stunting in South Africa

PI: Pascal Bessong, University of Venda

U.S. Partner: James Smith, University of Virginia (funded by the National Science Foundation)

South Africa- Project 5-432: Developing exposure and toxicity data for trace organic chemicals in wastewater,
biosolids, and soils

PI: Bice Martincigh, University of KwaZulu-Natal

U.S. Partner: Natalie Mladenov, San Diego State University (funded by the National Science Foundation)

South Africa- Project 5-48: Characterizing and tracking of antimicrobial resistance in the water-plant-food public
health interface: an emerging water, sanitation and hygiene issue

PI: Liza Korsten, University of Pretoria

U.S. Partner: Manan Sharma, Environmental Microbial and Food Safety Laboratory, United States Department of
Agriculture/ Agricultural Research Service

South Africa - Project 4-153: GRECHLIM
PI: Tamiru Abiye, University of the Witwatersrand
U.S. Partner: Richard Healy, United States Geological Survey




South Africa- Project 4-149: Promoting community and regional food systems in the Eastern Cape, South Africa
PI: Michael Aliber, University of Fort Hare

U.S. Partner: Stephen Ventura, University of Wisconsin-Madison (funded by the United States Department of
Agriculture/ National Institute of Food and Agriculture)

South Africa - Project 3-120: Managing fire and grazing to maximize carrying capacity in African rangelands
PI: Sally Archibald, University of Witwatersrand
U.S. Partner: Todd M. Anderson, Wake Forest University (funded by the National Science Foundation)

South Africa - Project 2-512: Mammal MAP: The African Mammal Atlas Project

Pl: Lesley Gordon Underhill, University of Cape Town, with co-Pl Robert Peter Millar, University of Pretoria
U.S. Partners: Walter Jetz, Yale University, and Robert Guralnik, University of Colorado at Boulder (funded by the
National Science Foundation)

South Africa - Project 2-445: Application of cosmic ray probes for the validation of hydrometeorolgical and
remote sensing models

PI: Colin Everson, University of KwaZulu-Natal

U.S. Partner: Marek Zreda, University of Arizona (funded by the National Science Foundation)

South Africa- Project 2-181: Climate change and arid-zone birds: validation of a behavioral index for assessing
species’ relative vulnerabilities to rising temperatures

Pl: Andrew McKechnie, University of Pretoria

U.S. Partner: Blair Wolf, University of New Mexico (funded by the National Science Foundation)

South Africa- Project 2-176: Development of advanced composite materials and geopolymers for the removal of
uranium and toxic elements from gold mine-polluted water

PI: Hlanganani Tutu, University of the Witwatersrand

U.S. Partner: Edward Rosenberg, University of Montana (funded by the National Science Foundation)

TANZANIA

Tanzania - Project 9-456: Morogoroyouth empowerment throughestablishment of social innovation (YEESI) lab
for problem-centered training in machine vision

Pl: Kadeghe Fue, Sokoine University of Agriculture

U.S. Partner: Glen Rains, University of Georgia (funded by the United States Department of Agriculture/ National
Institute of Food and Agriculture)

Tanzania - Project 9-257: Solar dryer integrated with energy storage system: An energy efficient and
environmentally friendly technology for drying biomaterials in Tanzania

PI: Thomas Kivevele, Nelson Mandela African Institution of Science and Technology (NM-AIST)

U.S. Partner: Sunghwan Lee, Purdue University (funded by the National Science Foundation)

Tanzania - Project 8-81: Enhancing postharvest technologies and food safety innovations in fresh tomato value
chain

Pl: Yasinta Muzanila, Sokoine University of Agriculture

U.S. Partner: Yaguang Luo, United States Department of Agriculture/ Agricultural Research Service

Tanzania - Project 6-263: Exploring the fate of mercury in artisanal gold mining of the Lake Victoria Gold Field
PI: Clavery Tungaraza, Sokoine University of Agriculture
U.S. Partner: Mark Cohen, National Oceanic and Atmospheric Administration (NOAA)




Tanzania and Kenya - Project 3-80: Waste to renewable energy: biogas cleanup (upgrading) in Tanzania and
Kenya

PI: Cecil King’ondu, Nelson Mandela African Institution of Science and Technology, with co-Pl Owino Joseph Hazael
Odero, South Eastern Kenya University

U.S. Partner: Puxian Gao, University of Connecticut (funded by the National Science Foundation)

Tanzania - Project 3-17: Cooperation and compromise in developing rural communities—Case study: solar-
electric mini-grids for the Maasai

PI: Kisioki Moitiko and co-Pl Robert Lange, The International Collaborative for Science, Education, and the
Environment (Tanzania)

U.S. Partner: Krister Andersson, University of Colorado (funded by the National Science Foundation)

Tanzania - Project 2-343: Computational mathematics, modeling and analysis of biological, bio-inspired and
engineering systems

Pls: Madundo Mtambo and Burton Mwamila, The Nelson Mandela African Institute of Science and Technology
U.S. Partner: Padmanabhan Seshaiyer, George Mason University (funded by the National Science Foundation)

Tanzania - Project 1-232: Characterizationof cassava mosaic gemini viruses and their satellites in cassava at the
cellular level

Pl: Joseph Ndunguru, Mikocheni Agricultural Research Institute

U.S. Partner: Linda Hanley-Bowdoin, North Carolina State University (funded by the National Science Foundation)

UGANDA

Uganda - COV-096: The impact of the COVID-19 pandemic on GBV among women and girls in informal
settlements in Kampala

PI: Juliet Kiguli, Makerere University, School of Public Health

U.S. Partner: Julia Dickson-Gomez, Medical College of Wisconsin (funded by National Institutes of Health)

Uganda- COV-027: The impact of COVID-19 on school enroliment and mental healthof children in the Manafwa
watershed area in Uganda

PI: Charles Batte, Makerere University

U.S. Partner: Trishul Siddharthan, University of Miami (funded by National Institutes of Health)

Uganda - COV-012: Scaling cost-effective, safe, and quality black soldier fly insect larvae enterprise for COVID-19
livelihood resilience in Uganda

Pl: Deborah Ruth Amulen, Makerere University

U.S. Partner: Jennifer Pechal, Michigan State University (funded by National Science Foundation)

Uganda - Project 8-187: Improving hand hygiene practice among healthcare workers through health and
environmental cues in Kampala metropolitan area

PI: Richard Kibirango Mugambe, Makerere University School of Public Health

U.S. Partner:: Christine Moe, Emory University (funded by National Institutes of Health)

Uganda - Project 8-186: Promoting hand hygiene throughproduction and use of locally produced alcohol hand-
rub in health facilities in Uganda

Pl: Esther Buregyeya, Makerere University School of Public Health

U.S. Partner: Christine Moe, Emory University (funded by National Institutes of Health)

Uganda - Project 7-471: Reproductive Health Empowerment through Telehealth (REHEAT)
PI: Agnes Kiragga, Infectious Diseases Institute, Kampala, Uganda
U.S. Partner: Keith Horvath, University of Minnesota (funded by National Institutes of Health)




Uganda- Project 6-158: Scaled deployment of smart-phone agro-applications for field based diagnosis and real-
time surveillance data collection.

Pl: Ernest Mwebaze, Makerere University

U.S. Partner: Jesse Poland, Kansas State University (funded by the National Science Foundation)

Uganda - Project 5-450: mHealth for TB-Tobacco: An approach to reduce tobacco use among TB patients
Pl: Elizeus Rutebemberwa, Makerere University
U.S. Partner: Robert Pack, East Tennessee State University (funded by the National Institutes of Health)

Uganda - Project 5-37: Delivering crop yield nowcasts and forecasts by integrating satellite data and crop
modelling in Sub-Saharan Africa

Pl: Ejiet John Wasige, Makerere University

U.S. Partner: Forrest Melton, California State University Monterey Bay, and the NASA Ames Research Center
Cooperative for Research in Earth Science and Technology (NASA ARC-CREST)

Uganda - Project 5-19: A multi-sensor hydrologic modeling framework to assess the impacts of small-scale water
storage practices to water resources over Uganda

PI: Jamiat Nanteza, Makerere University

U.S. Partner: Mathew Rodell, NASA Goddard Space Flight Center

Uganda - Project 2-253: Sustainable coffee-banana agroforestry systems to adapt to climate change, enhance
food security, and alleviate poverty in Uganda

Pl: Godfrey H. Kagezi, Coffee Research Center, National Agricultural Organization

U.S. Partner: Ivette Perfecto, University of Michigan (funded by the National Science Foundation)

Uganda - Project H1-61: Development and evaluation of strategies to foster implementation of guidelines for
diagnosis of childhood tuberculosis

PI: Achilles Katamba, Makerere University

U.S. Partner: Adithya Cattamanchi, University of California at San Francisco (funded by the National Institutes of
Health)

Uganda - Project H1-54: Assessing the effect of strengthening the referral of children from the private health
sector and its impact on child survival in Uganda

PI: Anthony Mbonye, Makerere University

U.S. Partner: Philip LaRussa, Columbia University (funded by the National Institutes of Health)

ZAMBIA

Zambia - Project 8-174: Increased availability of fast cooking yellow dry beans rich in bioavailable iron to Zambia
consumers and farmers

PI: Kelvin Kamfwa, University of Zambia

U.S. Partner: Karen Cichy, United States Department of Agriculture/ Agricultural Research Service

Zambia - Project 7-109: Applicationof GIS and geospatial analysis in understanding charcoal production, supply
and demand in selected sites of Lusaka; Central, Copperbelt and North Western provinces of Zambia

PI: Stephen Syampungani, Copperbelt University

U.S. Partner: Andrew Hudak, USDA Forest Service

Zambia - Project 7-100: Adoption and scale-up of charcoal alternatives in Zambia

PI: Francis Yamba, Centre for Energy, Environment and Engineering Zambia

U.S. Partner: Robert Bailis, Stockholm Environment Institute - US Center (funded by the National Science
Foundation)



https://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_189088

BENIN

BENIN - PROJECT 8-211: ENTOMOPATHOGENIC NEMATODES AND PLANT
RESISTANCE FOR THE CONTROL OF SWEET POTATO WEEVILS (CYLAS SPP.) IN
BENIN AND IN SOUTH AFRICA

Pl: Hugues Kossi Baimey, University of Parakou

U.S. Partner: David Shapiro-llan, United States Department of Agriculture/
Agricultural Research Service, Southeast Fruit and Tree Nut Research Lab
Dates: March 2020 — February 2022

PROJECT OVERVIEW

Sweet potato (SP, Ipomoea batatas) is one of the most widely cultivated root and tuber crops
worldwide, but its production and storage are badly affected by SP weevils, Cylas spp. This can lead to
yield losses as high as 100%, especially in storage during dry seasons. In addition, the terpenes
produced by the pest while feeding greatly reduce the quality of affected tubers. To control the pests,
most African SP farmers resort to expensive synthetic chemical insecticides with significant
environmental and health risks.

This PEER project studied the use of entomopathogenic nematodes (EPNs) of the families
Heterorhabditidae and Steinernematidae and plant resistance as an efficient, cost-effective, fast, and
environmentally safe pest control method. In addition to assessing the severity of damage caused by
Cylas spp. to SP in Benin and South Africa, the researchers screened EPN isolates provided by a South
African partner lab to assess their efficacy to control SP weevils. The two best EPN isolates were
identified through such screening and will be stabilized through the development of inbred lines to
prevent deterioration over time. The U.S. partner Dr. Shapiro-llan provided training on this process.

Women were key stakeholders in the project, as they are frequently involved in SP production,
storage, processing, and commercialization in Africa. The Development Leaders NGO in Benin and the
Small Grain Institute of the Agricultural Research Council in South Africa have indicated that they are
willing to produce the nematodes for farmers using the technique studied in this project.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team began by conducting socioeconomic and farmer opinion surveys in both Benin and
South Africa. More than 150 SP farmers across the two countries were surveyed on their knowledge
and opinion of EPNs. During the diagnostic survey, researchers also located two SP fields infested
naturally with Cylas spp. for future trials. Under laboratory conditions, the researchers mixed isolates
of Heterorhabditis, as well as Steinernema nematodes. Each set of hybridized and stabilized isolates
was compared with base populations for efficacy in controlling SPW and larvae. In a separate study,
the researchers selected eleven isolates of indigenous EPNs from the collection at the Agricultural
Research Council (South Africa) and screened them for efficacy against SPW. One was selected for
field testing.



The PEER team undertook field tests of the EPN hybrids in South Africa and Benin in newly planted SP
fields and existing fields infested with SPW, comparing them against fields with no treatments and
those with chemical insecticides applied. The researchers collected data monthly on SPW population
density, plant flowering, and damages caused by weevils to SP plants. At harvest, SP plant biomass,
tuberous root weight, and damage caused by weevils were assessed visually. Soil samples were also
collected from each mound for assessment of the persistence of nematodes previously applied in the
soil after planting. Harvested tuberous roots were stored and the population of emerged weevils
assessed daily for 10 weeks. Their results showed that entomopathogenic nematodes could serve as a
potential biological control method for the control of sweet potato weevils.

The project helped train two undergraduate and two graduate students and supported smallholder
farmers with planting materials and training. The PI’s lab was also outfitted with equipment for
molecular work on nematodes so that they will be able to continue field experiments in the future.
The researchers on the project received five separate grants worth nearly $1.2 million for future
related work on their own projects and through collaborations with international teams.

PUBLICATION

Guidi, J. A. A, Adjovi, I. S. M., Nouatin, G. S., N'tcha Sema, J., Ramakuwela, T., Shapiro-llan, D., &
Baimey, H. 2021. Regards croisés pratiques paysannes et introduction d’innovations : Cas des
nématodes comme méthode de lutte biologique contre les charancons de la patate douce au Nord-
Ouest du Bénin. [Cross-views of farming practices and introduction of innovations: case of nematodes
as a biological control method against sweet potato weevils in northwest Benin]. Annales de
I’'Université de Parakou - Série Sciences Naturelles et Agronomie, 11(1), 1-12.
https://doi.org/10.56109/aup-sna.v11i1.18
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BOTSWANA

BOTSWANA - PROJECT 9-477: LIVELIHOOD CHANGE IN THE CONTEXT OF
COMMUNITY CONSERVATION - CHOBE, BOTSWANA

Pi: Lin Cassidy, Okavango Research Institute, University of Botswana

U.S. Partner: Andrea Gaughan, University of Louisville, Kentucky (Funded by the
National Science Foundation

Dates: April 2021 — January 2024

PROJECT OVERVIEW

Community conservation areas (CCAs) with tourism partnerships in the southern African savanna area
are touted as a mechanism to support alternative livelihoods and reduce vulnerability while increasing
wildlife protection in a landscape. Yet the claim that CCAs effectively support adaptive capacity is
tenuous. Revenue is mostly returned at the community level, while economic variation occurs at the
household level, where costs of living with wildlife differ according to land and natural resource use—a
challenging scale mismatch. Within rural communities, socioeconomic conditions are not
homogeneous, and aggregate descriptions may not be representative of all households. It is important
to investigate alternative vulnerability models to capture the sources of adaptive capacity and
resilience.

This PEER project sought to assess changes in socioeconomic conditions in the same five communities
over time—a rare opportunity for longitudinal research on rural household vulnerability. This study
explored the validity of the sustainable livelihoods’ framework approach in an understudied, semi-arid
African context and also tested if linking different capital types to concepts of adaptive capacity and
vulnerability can provide a link between context-specificity and generalizable principles.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project data involved surveys exploring livelihood change in five villages in northern Botswana that
have had a community conservation project for about 30 years. The initial sample was both statistically
randomized and anonymous, so following up with the exact same households was not possible. The
PEER team’s analysis of this dataset brought empirical evidence to the ongoing critiques and
evaluations of community-based conservation, identifying shortcomings and providing suggestions for
improvement. It has also clarified the relationship between natural resource use and poverty and
brought a clearer understanding to what “relying” on natural resources actually means for rural
households.

The research outputs include one academic journal article, three policy briefs, and one community
feedback report, written in the national language, Setswana (Tswana). The team presented their
results at the FLARE (Forests & Livelihoods: Assessment, Research, and Engagement Network) annual
conference. The policy briefs, which contain recommendations for policy actions, included discussion
on how to correctly identify how natural resources are being used and the history and future of
tourism concession areas in northern Botswana.



PUBLICATION

Lin Cassidy, Narcisa G. Pricope, Forrest R. Stevens, Jonathan Salerno, David C. Parry, Michael Murray-
Hudson, Joel Hartter, and Andrea E. Gaughan. 2023. Assessing long-term conservation impacts on
adaptive capacity in a flagship community-based natural resources management area in Botswana.
Ecology and Society 28(4):12. https://doi.org/10.5751/ES-14487-280412
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BOTSWANA - PROJECT 9-452: LONG-TERM IMPACTS OF LAND-USE/LAND-COVER
DYNAMICS ON SURFACE WATER QUALITY IN BOTSWANA’S RESERVOIRS USING
SATELLITE DATA AND ARTIFICIAL INTELLIGENCE METHODS: CASE STUDY OF THE
BOTSWANA'’S LIMPOPO RIVER BASIN (1984-2019)

Pi: Yashon Ouma, University of Botswana

U.S. Partner: Jiaguo Qi, Michigan State University (Funded by the National

Aeronautics and Space Administration)
Dates: May 2021 - March 2024

PROJECT OVERVIEW

The rising demand for water, food, and energy due to increasing population continues to create
immense pressure on water resources. In particular, water quality around the globe is systematically
degrading, primarily due to climate change and agricultural intensification associated with rapid
population growth and urbanization. In-depth assessments of the inter-linkages between land—water
resources that combine land-use and water quality and availability within the catchment supply chains
such as the Limpopo River Basin (LRB) in southern Africa are still lacking. Semi-arid Botswana relies on
the reservoirs within the LRB for water supply, which are particularly susceptible to the negative
impacts of land-use and land-cover (LULC) activities and runoff because of their complex dynamics,
relatively longer water residence times, and their role as an integrating sink for pollutants from their
drainage basins.

This PEER project used data-driven artificial intelligence for quantitative determination of the
relationships between LULC change, together with socioeconomic development indicators and climate
change and their impacts on water quality and availability within the basin, both for 1984-2019 and to
predict future scenarios (2020-2050). To advance data acquisition for LULC analysis and climate
change, the study used optical Earth-observation and meteorological satellite data. To provide near
real-time and cost-effective approach for continuous monitoring of reservoir water quality within the
basin, the study sought to develop empirical models for water quality estimation and water quality
index mapping using 35-years of in-situ water quality measurements and water spectral observations
using drone-borne spectrometer and optical satellite imagery through regression modeling and
geospatial methods.

FINAL SUMMARY OF PROJECT ACTIVITIES

In a joint field work campaign with the Water Utilities Corporation (Botswana), the Pl and his team
successfully carried out their planned water quality sampling for the Bokaa and Gaborone dams,
including simultaneous drone imaging. The researchers downloaded data from Sentinel-2 MSI and
Landsat-8 ETM+ satellite sensors and modeled their water quality predictions with data from the
sensors. The field work also involved LULC classification ground-truth campaigns within the dam
catchments.

The researchers developed machine-learning models for mapping and quantifying the spatial-temporal
LULC change patterns in the Botswana LRB from 1984-2019, modeling water quality and quantity in



the dam catchments under climate variability and socio-economic factors. They also developed a Land-
Water Nexus (LWN) for the LRB, using climate factors, socioeconomic factors, and WEAP hydrological
modeling software, establishing the interactions and relationships between land use and water
demand and supply-indifferent regions. The resulting monitoring tools and models are freely available
for replication and will be made available after all the publications of the results in peer-reviewed
journals.

Five undergraduate students were part of the PEER project as research assistants/interns and acquired
advanced skills in imaging using Earth Observation analytics (drones and satellites) and machine-
learning algorithms. Three postgraduate students are continuing with different components of the
research project, and the Pl and other staff participated in training on advanced imaging using drones
for resource mapping. Through the project funding for infrastructure upgrades (drone, RTK Base
Station, computers, and computer accessories), the Hydroinformatics Engineering Research Group
(HERG) now has a well-equipped laboratory. PEER support has also bolstered the research activities of
the academic staff and the postgraduate students in the areas of water resources, climate change and
land-use studies, and the application of GeoAl technologies, including Earth Observation analytics and
machine-learning/Al.

As the key stakeholder on dam water resources monitoring and management, the project established
a working Memorandum of Agreement with WUC (Botswana) on water quality sampling and testing
for dams in Botswana. The collaboration extends to technology transfer for planning of water quality
sampling protocols for monitoring dams, and as of May 2024 WUC was in the process of evaluating
and adopting the use of drone technology for water quality monitoring. The PEER team also received a
$200,000 grant from the Alliance for African Partnership for work on sensors and smart infrastructure
in community health.

PUBLICATIONS

Y.0. Ouma, B. Nkwae, P. Odirile, D.B. Moalafhi, G. Anderson, B. Parida, and J. Qi. 2024. Land-Use
Change Prediction in Dam Catchment Using Logistic Regression-CA, ANN-CA and Random Forest
Regression and Implications for Sustainable Land—Water Nexus. Sustainability 16(4): 1699.
https://doi.org/10.3390/su16041699

Y.0. Ouma, A. Keitsile, B. Nkwae, P. Odirile, D. Moalafhi, and J. Qi. 2023. Urban land-use classification
using machine learning classifiers: comparative evaluation and post-classification multi-feature fusion
approach. European Journal of Remote Sensing 56(1): 2173659.
https://doi.org/10.1080/22797254.2023.2173659

Y.0. Ouma, D.B. Moalafhi, G. Anderson, N. Boipuso, P. Odirile, B.P. Parida, and J. Qi. 2022. Dam Water
Level Prediction Using Vector AutoRegression, Random Forest Regression and MLP-ANN Models Based
on Land-Use and Climate Factors. Sustainability 14(22): 14934. https://doi.org/10.3390/su142214934

Y.0. Ouma, M. Ditiro, G. Anderson, B. Nkwae, P. Odirile, B.P. Parida, N. Sebusang, T. Nkgau, and J. Qi.
2022. Predicting the variability of dam water levels with land-use and climatic factors using Random
Forest and Vector AutoRegression models. Proceedings of SPIE Remote Sensing 2022: Remote Sensing
for Agriculture, Ecosystems, and Hydrology XXIV, 122620). September 6-9, 2022, Berlin, Germany.
https://doi.org/10.1117/12.2635933
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Y.0. Ouma, B. Nkwae, D. Moalafhi, P. Odirile, B. Parida, G. Anderson, and J. Qi. 2022. Comparison of
machine learning classifiers for multitemporal and multisensor mapping of urban LULC features. The
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences XLIII-
B3-2022: 681-689. XXIV ISPRS Congress, June 6-11, 2022, Nice, France. https://doi.org/10.5194/isprs-
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Y.0. Ouma et al. 2022. Land-Water (L-W) Nexus Project: Impacts of Land-Use & Climate Change on
Water Quality and Quantity in Botswana's Limpopo River Basin (BLRB). United Nations/Ghana/PSIPW -
5th International Conference on the Use of Space Technology for Water Resources Management.
Accra, Ghana, May 10-13, 2022. https://www.youtube.com/watch?v=YXjWnaxTXDg
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BURKINA FASO

BURKINA FASO - PROJECT 8-116: INCREASING ACCESS TO SANITATION SERVICES
INTEGRATED WITH RESOURCE RECOVERY IN RURAL BURKINA FASO

Pi: Ynoussa Maiga, University of Ouaga | Pr Joseph Ki-Zerbo

U.S. Partner: James Mihelcic, University of South Florida (Funded by the National
Science Foundation)

Dates: October 2020 — January 2023

PROJECT OVERVIEW

The development of efficient sanitation technologies and practices can enhance the resilience of local
populations from adverse consequences related to the lack of appropriate sanitation. Many imported
water and sanitation technologies have failed because they were not adapted to local conditions or
did not correspond to the needs of end users. This project aimed to develop, under real conditions,
sanitation technologies and resource recovery technologies in a participatory way to increase their
robustness and acceptability by local beneficiaries. The Pl and his team worked to develop a greywater
treatment unit to collect and treat household wastewater for reuse in gardening. A Slanted Soil
Treatment System (SSTS) had been previously designed and tested for greywater treatment at the
household level, but the quality of the treated greywater was not sufficient to allow its safe reuse in
gardening. The project tested modifications made to the treatment system, including the
configuration of the SSTS, the characteristics of the filter bed, and addition of plants to enhance its
efficiency, making possible the safe reuse of the treated water for food crop irrigation. In addition, a
composting toilet with urine diversion had been developed previously for rural households. However,
concerns related to the biodegradability of the organic matter, hygiene, and maturation of the
compost emerged. The Pl and researchers in this project therefore tested test new strategies by
mixing urine and feces in the dry toilet. In addition, they designed a composting pit for use as an
additional step for the maturation and sanitization of the compost collected from the composting
toilet, including through mixture with agricultural waste. The team also worked to identify the most
efficient operating conditions allowing for the production of hygienic and nutrient-rich compost by
testing several mixtures. They also studied the potential for thermal inactivation of pathogens using
sunlight with the aim of making the compost safer and more acceptable to users.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PI Dr. Maiga and his team developed two models of a complex shower room/greywater treatment
system and constructed them for eight beneficiary households in two rural settlements. The
greywater treatment system is a subsurface horizontal flow constructed wetland in the first model
and a hybrid system (vertical flow filter followed by a subsurface horizontal flow wetland) in the
second model. The treatment systems are designed to allow direct collection of shower greywater
(including urine) into the upper basin of the pre-treatment stage. Dishwashing and laundry greywater
are collected via a receiving basin (located inside the yard) and pass through the same piping to the
treatment system (located outside the courtyard and close to the shower room). Two plants were
tested: Chrysopogon zizanioides and Andropogon gayanus. Visual observations of the treatment



systems indicated they performed as expected. Chrysopogon zizanioides seemed more adapted to the
greywater conditions than Andropogon gayanus. The results obtained from four households showed
that the treatment systems perfomed well, reducing organic matter, nutrients, and fecal bacterial
significantly. The residual concentration of fecal bacteria was compliant with the WHO reuse
guidelines for restricted irrigation.

The composting toilet intended for the recovery of nutrient-rich compost for gardening was
developed and constructed in eight beneficiary households, and the PEER team evaluated its
performance. The excreta under maturation was transferred into composting pits in some of the
households, and the sanitization is still ongoing. The households are using the facility, and it is
contributing to reducing open defecation, which should reduce the dissemination of excreta related
diseases.

The researchers also developed training manuals on the construction and operation of greywater and
excreta recovery and treatment facilities. These materials will allow individuals or communities to
understand the technical and operational aspects of the construction and operation of the facilities.
The conditions for recovering sanitation by-products from a composting toilet or a treated greywater
storage tank are also explained. The team also trained the beneficiary households on the operation
and maintenance of the greywater and excreta recovery and treatment facilities developed under the
project and how to collect and reuse treated water in gardening. During the training, the researchers
also collected the views of the households on the sanitation facilities, the difficulties encountered, and
suggestions for improvements.

Dr. Maiga had originally hoped that the outputs from both the greywater treatment and composting
toilets could be used in gardening. For greywater, the results obtained from four households allow the
reuse of the water in restrictive irrigation according to WHO standards. However, further
improvements in the removal of microbial contamination are still required to make treated greywater
even safer. The elimination of pathogens from the composting toilets was not so successful and took a
long time, with the results varying seasonally. The team is still working to optimize the compositing
pits and then test vegetables grown with such compost to ensure their safety before the compost
could be promoted for this purpose.

In conclusion, the sanitation facilities developed in the project are very promising, but additional tests
are needed to have definitive models. To know the real impact of this project, Dr. Maiga hopes to be
able to conduct the compost reuse experiment for vegetable production, evaluate the associated
risks, conduct an associated socioeconomic study, and increase the number of beneficiary households.

PUBLICATIONS
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CAMEROON

CAMEROON - PROJECT 4-360: USING GEOSPATIAL TOOLS TO INVESTIGATE HOW
DEFORESTATION AFFECTS THE TRANSMISSION OF MALARIA IN BIRDS

Pi: Anong Damian Nota, University of Buea

U.S. Partner: Thomas Smith, University of California, Los Angeles (Funded by the
National Science Foundation)

Dates: November 2015 — October 2019

PROJECT OVERVIEW

This project addressed an unsolved problem in the field of emerging diseases: What are the proximal
effects of large-scale deforestation on the transmission of vector-borne infectious diseases? The
principal investigator and his team approached this problem by studying malaria in natural
populations of rainforest birds threatened by rapid environmental degradation in Cameroon. It is well
established that deforestation poses a major threat to biodiversity in tropical regions; however, its
effects on the spread of pathogens are largely uncharacterized. The team has previously identified
malaria parasites, both generalists and specialists, in African rainforest birds, and they have found that
it is the generalists that have the potential to jump to naive hosts and develop as emerging diseases.
They have also identified mosquito vectors of avian malaria and demonstrated that patterns of
malaria diversity are significantly affected by habitat. With their knowledge of sectors presently zoned
for logging, they thus had in place an unprecedented model system for investigating the effects of
environmental change on disease transmission. The team aimed to test the hypotheses that (1)
deforestation promotes an increase in the prevalence of generalist parasites and (2) vector species
distributions change with deforestation, and account for differences in prevalence of generalist vs.
specialist parasites. The ultimate goal of this research was to discern the interplay among hosts,
habitat, and vector ecology on the potential spread of novel pathogen strains. Another important
objective was to determine how human-altered environments affect the feeding patterns of insect
vectors and what environmental factors are important in determining likelihood of transmission. By
applying the same type of relations before and after logging, the researchers were able to predict
where the vectors are likely to occur, where disease is likely to occur, and the patterns may change.

This work was intended to capitalize on the U.S. Government-supported partner’s expertise in
molecular biology, parasitology, entomology, and fieldwork and leverages the archive of blood
samples that the he and his collaborators have accrued over nearly 30 years from African rainforest
birds.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project, which ended in October 2019, sought to address an unsolved problem in the field of
emerging diseases: what are the proximal effects of large-scale deforestation on the transmission of
vector-borne infectious diseases. The principal investigator Dr. Nota and his team approached this
problem by studying malaria in natural populations of rainforest birds threatened by rapid
environmental degradation in Cameroon. They gauged the effects of deforestation on the diversity
and host specificity of avian malaria parasites in Talangaye Forest.



Although the civil war in Cameroon prevented them from doing the most crucial part of the work,
which was to get samples from the deforested areas for the before and after control-impact pairs
(BACIP) experimental design, they were able to capture 2,658 bird species from Talangaye that
belonged to 30 families. They subsequently used microscopic and PCR techniques to analyze blood
samples collected for the identification of parasites. Out of the 2,658 birds collected, 1,195 were
found to be infected with parasites (Plasmodium, Haempoproteus, Leucocytozoon, Micrrofilariae, and
Trypanosomes). More than 1,000 sequences of parasites have been done on Plasmodium, and two
PhD students are still carrying out blasting to identify avian malaria parasites in Cameroon.

In order to measure the effects of deforestation on mosquito communities, the Pl and his team
collected 12,272 mosquitoes belonging to 12 mosquito genera. More than 20 new potential species of
mosquitoes not previously described have been named, and this number may increase as the students
continue to use dichotomous keys and PCR to look at the various species.

The project was meant to have only one PhD student but ended up having 13 students at both the
Master’s and PhD level. Five have defended their MSc degrees in the project. One of the students has
enrolled in a PhD program in the Department of Vector Biology and Parasitology to continue to look at
vectors collected in Talangaye. Four other students are currently pursuing their PhDs and should be
able to graduate in 2020. The project has increased the capacity of students in this area who will later
join the university as faculty members or move to other conservation projects. In addition, the PI
reports that the PEER project had a good impact on science and led to several academic awards.
During the grant period, three of his students won the “Idea Wild Award” for equipment in the field.
These are international awards that were awarded for the PEER work done in Talangaye. Lastly, one
PhD student, Mayi Audrey, won the National Geographic Travel grant to visit the United States in 2019
for further training on vector biology with Dr. Anton Cornel, a medical entomologist at the University
of California, Los Angeles (UCLA).

U.S. partner Dr. Tom Smith runs a weekly one-hour seminar course every quarter as part of his
teaching curriculum at UCLA. The course is based on discussion of readings selected from current
literature. This opportunity was offered to all the PEER-selected students from the three institutions in
Cameroon beginning in the fall of 2015 and continuing to date. This has created opportunities for
building relationships between African and U.S. students. This course also provides opportunities for
participating faculty and students to build lasting international collaborations.



CAMEROON - PROJECT 3-12: BIOCHAR AND COMPOST FROM COCOA POD HUSK:
OPPORTUNITIES FOR CROP FERTILIZATION AND SUPPRESSION OF BLACK POD
DISEASE

Pi: Njukeng Nkengafac, Institute of Agricultural Research for Development

U.S. Partner: Bin Gao, University of Florida (Funded by the National Science
Foundation)

Dates: September 2014 — October 2016

PROJECT OVERVIEW

Soil depletion, pests, and diseases have been identified as some of the main causes of low production
in smallholder farms, which depend on agriculture to make a living and feed their families. Cocoa
(Theobroma cacao), 80 percent of which is cultivated by smallholders, is an export crop for many
countries in Africa, and black pod disease caused by Phytophthora spp. is a major constraint to its
production. While cocoa pod husk has been identified as a major source of inoculum of P.
megakarya and is often left in farmers' fields as waste, it can be used for crop fertilization in the form
of compost or biochar, thus improving soil fertility, promoting plant growth and resistance to biotic
stresses, and, in turn, helping mitigate climate change.

This research study focused on cocoa pod husk conversion into compost and biochar and aimed to
characterize the converted product, evaluate its effects on soil physicochemical properties and black
pod disease suppression, and assess crop growth and yield. Farmers and students also received
training on composting and biochar preparation and application.

FINAL SUMMARY OF PROJECT ACTIVITIES

Cocoa pod husks are often left in farmers’ fields as waste. Converting this material to biochar and
compost for soil amendment has multiple benefits as they have been evaluated globally as a means to
improve soil fertility, promote plant growth and resistance to biotic stresses, and to mitigate climate
change. Therefore, biochar and compost are alternatives to control the black pod disease and cocoa
yields in small holder farmers. This will result in reduced spending in buying chemicals for the
treatment of the disease as well as time spent to take care of the farms and will leave the farmers
with more time to indulge in other income generating activities that will improve their standard of
living. Converting cocoa pod husk into biochar and compost provides a cheap source of fertilizer to
improve food security and reduce hunger and malnutrition and will help the farmers to produce more
without depleting their soils.

The project was based on cost manure and biochar, produced from cocoa pod husks and then the
mature compost was dried and preserved for usage. Samples of the compost and biochar were
analyzed and found to be very rich in potassium and nitrogen. The team also conducted a study on the
microbial communities to determine microbial populations associated with disease suppression in the
compost. The results this study showed that fluorescent pseudomonads were not present in the
compost, with heterotrophic bacteria and actinomycetes dominating, as well as the presence of fungi
were present in lower density. A second study looking into the in vitro antagonistic effects of biochar
and compost on P. megakarya to evaluate the effect of compost and biochar on mycelial growth of P.



megakarya and detect possible suppressive effects (microbes, lethal effect of chemical component).
The compost water extract consistently reduced the growth of P. megakarya compared to the control
and the water extract from biochar. Autoclaving compost resulted in loss in growth suppressiveness.

Using the compost and biochar, greenhouse studies were also carried out. These greenhouse
experiments aimed to determine the influence of compost and biochar on cocoa plantlets growth,
induced resistance against P. megakarya using detached leaf assay, and microbial populations and
activities associated with disease suppression in the substrates. The results showed that compost and
biochar induced some resistance against P. megakarya. The team also germinated traditional African
leafy vegetable seeds as well as to grow the seedlings using varying concentrations of compost.
Results showed that mixing the soil media with biochar or compost manure improved seed
germination compared to the control. The seedlings were latter transplanted into beds with different
levels of biochar, compost and inorganic fertilizer applications which showed some improvement in
marketable vegetable production with supplementation.

Beyond experiments, the team sensitized famers to the use of cocoa pod husk for soil fertility and
disease suppression. A questionnaire was administered to evaluate the knowledge of cocoa famers on
soil nutrient, pests and disease management. Preliminary analysis of the questionnaire data showed
that farmers’ knowledge on soil nutrient pest and disease management was very limited, but that
many were interested in using biochar and compost manure as it was a cheap source of fertilizer.
Training on compost manure preparation from cocoa pod husk was carried out in the four chosen
sites. This was followed by several follow up visits to reinforce the trainings as, in most cases, farmers
are reluctant to use a technology they haven't mastered. As of the end of the project, farmers were
practicing composting and/or biochar production in their farms and more were willing to learn the
techniques of producing these organic materials.

Two students, Martha Mounongo and Longue Morela were supported by the project and graduated
after defending their theses, while Nkenganyi Felix, a student from the higher technical teachers
training college, was in the process of preparing his thesis when the project ended. A draft article on
the preparation and characterization of compost and biochar was prepared.



ETHIOPIA

ETHIOPIA - PROJECT 6-400: PROMOTING RESOURCE- ORIENTED SANITATION IN
PERI-URBAN ETHIOPIA THROUGH THE PRODUCTION OF STRUVITE FROM DIGESTED
SLUDGE FILTRATE

Pl: Adey Desta, Addis Ababa University

U.S. Partner: Nancy Love, University of Michigan (Funded by the National Science
Foundation)

Dates: December 2017 — February 2022

PROJECT OVERVIEW

Ethiopia has become one of the fastest growing economies in Africa, with an increasing rate of
urbanization and demand for phosphate-based fertilizer to increase productivity in the agriculture
sector. Phosphate rock, the starting material for phosphate fertilizer, is a finite resource, and Ethiopia
is entirely dependent on importing different kinds of phosphate fertilizers and therefore is vulnerable
to market fluctuations in fertilizer prices. The availability and affordability of imported fertilizers to
most of the urban and peri-urban farmers is very low because of lack of government subsidies for
urban/peri-urban farmers, unlike those provided for rural farmers. The urban/peri-urban farmers get
fertilizers at a higher price from local vendors, and the product is difficult to get at any cost at times of
shortage.

This scenario suggests the need to look for alternative sources of phosphate to achieve sustainable
agriculture. Recovery of phosphorus from digested sludge water has long been a well-established
technology in some of the developed countries. Different technologies are available to recover
phosphorus from various wastewater streams. Some have been implemented at an industrial scale
with maximum recovery efficiency. So far, Ethiopia has not adopted any phosphorus recovery
technologies at any level.

This PEER project was aimed at demonstrating that digested wastewater can be used to reliably
produce good quality, safe, and marketable struvite fertilizer using full-scale systems. The focus of the
study was on preferred approaches for recovery of phosphorus and nitrogen from digested
wastewater with the minimum prevalence of various types of contaminants, such as micropollutants
(drugs and metabolites) and biological contaminants (microorganisms and antibiotic resistance genes).

The lab facilities accessible through collaboration with the U.S. partner were anticipated to be useful
for the initial survey of these contaminants from the fertilizer product (struvite) and its raw material,
with the information generated anticipated to leverage subsequent in-house monitoring studies.

FINAL SUMMARY OF PROJECT ACTIVITIES
In early 2022 as the project approached its closing date at the end of February, Dr. Desta and her team

completed sampling from the pilot-scale FBR, extracted DNA samples from the FBR, and sent them to
a sequencing facility. The results will be submitted to the U.S. National Center for Biotechnology



Information for inclusion in their publicly accessible databases. Additionally, the researchers have
partnered with an institute for HPLC analysis, and the samples were being validated for analysis at the
time of the final report. The team also organized five focus-group discussions with fifteen voluntary
farmers to discuss waste-derived fertilizer. They have also analyzed the struvite on selected
vegetables in greenhouse scale.

Among the project’s outputs and potential impacts, the study included several activities focused on
optimizing a struvite production method that is the first of its kind in Ethiopia. Assessment of
pollutants (other than nitrogen and phosphorus) that might affect the production process is key task
involved in harvesting the product in a safe and optimal way. Additionally, the metagenomic
component of the project, although it remained in the primary result stage when the PEER project
ended, is ultimately expected to reveal any potential risks in large-scale application of the product.
This technology can be scaled up by relevant and interested stakeholders and is expected to cover a
portion of the fertilizer demand in the urban and periurban agricultural settings.

On the capacity building and outreach side, the project supported three PhD candidates in pursuing
their training in the biological, engineering, and social aspects of the research. Additionally, the team
trained four MSC students (three women and one man) on the different objectives of the project
throughout the project period. The Pl Dr. Desta reports that she also contributed PEER findings to two
Ethiopian governmental documents. The ten-year National Biotechnology Research and Development
program document was finalized, reviewed, and validated pending implementation by the responsible
institutions. The Environmental Biotechnology section was prepared based on research-based
evidence, including from the PEER project. The concepts of recovery of nutrients from waste and
wastewater as well as valorization of waste were strongly emphasized and action plans put forth for
program implementation. Second, the recently started government genomic surveillance document
also emphasized the need to pay attention to environmental health in order to address human health
and stressed the importance of making wastewater surveillance one of the key focus areas for
addressing public health emergencies such as SARS-CoV-2 and polio.

Dr. Desta and her team have also contacted key stakeholders to suggest ways of incorporating their
findings and recommendations into policy and practice. They discussed with the Addis Ababa Water
and Sewerage Authority the possibilities of establishing the FBR technology in the vicinities of some of
their wastewater treatment plants. They also introduced and discussed with officials of the former Job
Creation Commission (currently Ministry of Youth and Job Creation) possibilities of training youth on
the available waste-to-fertilizer technologies. Regarding collaboration with farmers, the team learned
the importance of working on the mindset of what waste and wastewater mean before demonstrating
waste-derived products. The team also learned that talking about waste and wastewater is a taboo
and using products derived from them is completely unimaginable in some parts of Ethiopia. Working
to build acceptance and planning efforts to change community attitudes towards waste are essential.

The project has also had broader educational impacts beyond the benefits to the students who
participated. Beginning in January 2022, the team initiated a curriculum review of the MSC and PhD
programs in the Department of Microbial, Cellular, and Molecular Biology at Addis Ababa University.
One of the streams, Applied Microbiology, focuses on nonclinical aspects of microorganisms and
includes courses on soil microbiology, rhizobiology, food microbiology, plant pathogens, and industrial
microbiology. Surprisingly, there are very few courses on wastewater microbiology, environmental
microbiology, and nutrient recovery. Given the applied nature of the latter areas, the Pl and her
colleagues have improved the curriculum by adding extra courses on wastewater microbiology and
nutrient recovery.



Although the PEER project has ended, Dr. Desta intends to continue collaborating with her U.S.
partner Dr. Nancy Love on preparing manuscripts for publication. She is also seeking local funding to
continue and expand her research.

PUBLICATIONS
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ETHIOPIA - PROJECT 5-610: IMPROVED ACCESS AND UPTAKE OF MATERNAL AND
CHILD HEALTH SERVICES IN RURAL ETHIOPIA THROUGH COLLABORATIVE
COMMUNITY AND HEALTH SYSTEMS PARTNERSHIP

Pl: Getahun Asres Alemie, University of Gondar

U.S. Partner: Judd Walson, University of Washington (Funding by the National
Institutes of Health)

Dates: December 2016 — March 2020

PROJECT OVERVIEW

In 2015, the average Ethiopian woman had a 1 in 64 lifetime risk of death due to complications of
childbirth, and 87,414 newborns died before their 28th day of life. Reducing maternal and neonatal
deaths has been at the top of the global health agenda for more than a decade and was recently
included in Goal 3 of the Sustainable Development Goals (SDGs). Demand for maternal, newborn, and
child health (MNCH) services, however, still remains low in Ethiopia’s rural communities most at risk.
Complex challenges, including transportation, health literacy, imbalanced decision-making authority,
and harmful traditional practices, create barriers to increasing health coverage.

This implementation science study utilized an integrated delivery approach to increase demand

for MNCH services in the Gondar region of Ethiopia. The research design aimed to address primary
drivers of maternal and neonatal death, including access to antenatal care, prevention of mother-to-
child transmission of HIV (PMTCT), facility-based delivery, and postpartum visits through a culturally
driven lens. The goal of the project was to improve MNCH outcomes in rural Ethiopia by increasing
demand for services through the linkage of local health workers and community influencers. The study
team collected and analyzed qualitative data to establish a baseline for women’s engagement with
their health facilities, identify barriers to accessing MNCH services, and parse out traditional practices
and beliefs around childbirth and infant health, including religious rituals. From the baseline
information, a behavior change intervention was implemented in which community leaders from the
Ethiopian Orthodox Church were paired with members of the Health Development Army (HDA) and
trained to conduct maternal and child health outreach and education. Strategies for transporting
laboring and postpartum women to health facilities were devised and implemented by the local
communities. The study team developed a clear monitoring and evaluation plan at the outset of the
study, including tracking time to seeking care, frequency of seeking care, removal of barriers to care,
and measures of morbidity and mortality. The study hypothesis was that there would be an increase in
demand for MNCH services following the intervention, with targeted increases in the uptake of
antenatal care, PMTCT, facility-based delivery, and postnatal care and referral. The impact of increased
engagement with health facilities was expected to decrease maternal and neonatal deaths in the study
population compared to the control group.

FINAL SUMMARY OF PROJECT ACTIVITIES

At the project onset, team members met with the U.S. partners to discuss key aspects of the project
including the design of the project, management of activities, and development of study tools. In
addition, as part of the preparation for the project, the project team in Gondar was given training on
development and use of electronic data collection tools by the University of Washington (UW) through



the Strengthening Care Opportunities through Partnership in Ethiopia (SCOPE) collaboration.

Following approval of the project by the University of Gondar (UoG) Institutional Review Board (IRB),
The team conducted two of the initial preliminary studies: (1) a health facility assessment that focused
on delivery and emergency obstetric and neonatal care activities of the health facilities in the project
area; and (2) a formative qualitative study involving focus group discussions and key informant
interviews with pregnant women and their partners, health workers, and religious leaders to generate
information on Maternal and Child Health (MCH).

Early in 2018, analysis of the formative qualitative study was completed and a report of the results was
shared with regional and national authorities. Subsequently, results of the formative studies and
summaries of the project progress were shared at international fora by the study team and UW
student fellows. These included: 1) A scientific presentation in Seattle that won the Global Healthies
Award; 2) A presentation at a scientific workshop and exhibition hosted by the UoG; 3) A presentation
at a scientific forum in Accra, Ghana; and 4) Presentations in Seattle for the US collaborators and
undergraduate and graduate students at UW.

In preparation for the intervention phase, the project team developed Standard Operating Procedures
(SOPs) for all the major activities of the project, and a training manual was prepared to guide the
training of outreach workers (faith leaders and members of the Health Development Army (HAD)). A
one-week training was given to 121 priests and members of HAD recruited from the catchment areas
of the six health centers selected as project intervention areas. The trained outreach workers were
then dispatched to their respective communities to start the intervention activities. Monitoring and
evaluation of the outreach activities were done through regular follow-up group discussions with
outreach workers in the 6 intervention areas conducted by the project team. These were coupled with
regular health facility data extraction visits to all the 18 project areas (6 intervention sites and 12
control sites).

The main activities in the first two quarters of the third year of the project (2019) were continuation of
the intervention activities, monitoring and evaluation of the intervention activities, and health facility
data extraction. Problems encountered during the implementation of these activities were regularly
discussed with the field workers, the project team in Gondar and the collaborators in Seattle, and
solutions were set forth and implemented. The planned one-year intervention activities ended at the
end of May 2019 marked by an official closing/handover ceremony with the involvement of local
officials and stakeholder organizations, whereas the data extraction activities continued for some time
beyond to complete missing data from some health facilities due to in country security-related
problems and public unrest.

The participation of the UW student fellows in the project continued in the third year. During the year,
one of the student fellows did her doctoral presentation back in the United States on the work she had
done with the team in Gondar. A team of people including SCOPE Board members from Seattle
travelled to the project site in Gondar during which they visited one of the health facilities involved in
the project, and had a meeting with the UoG study team to discuss project progress. In 2020, the
project team was able to complete the initial data analysis and produce dissemination materials
(reports to the Regional Health Bureau and the Ministry of Health, policy brief for policy-makers,
summaries and presentation materials for local officials, partners and stakeholder organizations).
While the team was able to conduct the local dissemination activities, and further dissemination
activities were put on hold because of the COVID-19 pandemic and the continued political situation of
the country.



ETHIOPIA - PROJECT 5-194: BRINGING SEASONAL FORECASTS TO THE FARMER:
PARTICIPATORY CLIMATE SMART VILLAGES FOR GREEN GROWTH IN ETHIOPIA
Pl: Belay Simane, Addis Ababa University

U.S. Partner: Benjamin Zaitchik, Johns Hopkins University

Dates: December 2016 — May 2021

PROJECT OVERVIEW

Climate change adaptationis a high priority for Ethiopia and other climate-vulnerable countries. At the
farm and village level, however, long-term planning for climate change means very little. Subsistence
agriculture communities survive on a year-to-year basis, and the productivity of the coming season’s
crops is typically too important and is often too uncertain to allow for adaptation planning on the
decades-long time horizon of climate change projections. In this context, improved use of seasonal
forecasts offers a climate resilience building strategy that pays dividends under current conditions and
is likely to become even more essential as patterns of climate variability shift in coming years. The use
of seasonal forecasts is also flexible and adaptable to context in a way that few adaptation strategies
are. A specific cropping technology or seed variety may not work across agroecosystems, but
improved approaches to interpreting and acting on seasonal climate forecasts can contribute to
resilience in a wide range of settings.

The guiding principle for this project was that seasonal forecasts generated at the agroecosystem
level, developed collaboratively with farmers, will advance understanding of the adaptation process
and contribute to climate resilience in subsistence-based communities. The project was intended to
leverage and expand a climate smart village (CSV) network that has proven to be an effective
mechanism to engage farmers in generating climate resilience solutions. The CSVs were intended to
inform application of forecasts through participatory forecast interpretation and communication. The
project focus on best-available seasonal forecasts was intended to add a dimension of capabilities to
CSVs that was at the time absent.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project team implemented a sustainable institutional infrastructure that will be used to study
resilience over longer time periods. Many CSA practices incur establishment and maintenance costs
that are not affordable by subsistence farmers. It also requires a considerable time before farmers
benefit from them. Therefore, a long-term support and subsidy system is essential for sustainable
future.

Establishing climate smart villages and implementing climate smart agriculture (CSA) are both
knowledge and capital intensive and require long-term support. Subsistence farmers found it hard to
innovate and invest in better land management and climate smart agriculture. Therefore, the skill and
capacity building effort should be location-specific and provided by very senior and senior experts and
researchers. Further scaling up of best sustainable green technologies and approaches will be only
materialized at the local level by establishing business model enterprises will be a viable option to
expand CSA practices.



The team plans to continue and reinforce the following activities for a sustainable future at CSV levels:

(1) Establish clear decision-making processes and transparency among the lead offices and
institutions (DMU, Agriculture, environment, cooperative, NGO, ) to manage and coordinate the
climate-smart agriculture at community levels.

(2) Establish and facilitate a platforms for stakeholder engagement and consultation, including
the private sector and ensuring the inclusion of small holder farmers.

(3) Provide adequate and accessible climate information services to farmers and other
agricultural decision makers.

(4) Produce agreed-upon vision and goals that balance food security, adaptation and mitigation
at village level and regional levels.

(5) Expedite additional financial resources including rural credit to individual farmers.

(6) Give more focus to renewable energy and backyard fruit and vegetable development that
enhances nutrition and food security at local levels.

(7) Scale up best sustainable green technologies and approaches by establishing business model
enterprises outside CSVs as a viable option to expand CSA practices.

Based on the PEER project, local governments have adopted the conceptual and analytical framework
to plan and implement a Climate Compatible Development (CCD) which is a new concept that bridges
climate change adaptation, mitigation, and community-based development (‘Triple wins’). Universities
have also adopted the research approach to establish and promote Climate Smart Villages in other
areas.

PUBLICATIONS
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ETHIOPIA - PROJECT 4-315: ENHANCING FOOD SECURITY THROUGH IMPROVED
PRODUCTIVITY, NUTRITION, AND MARKETING OF CHICKPEAS IN CENTRAL AND
WESTERN ETHIOPIA

Pl: Kassahun Tesfaye Geletu, Institute of Biotechnology, Addis Ababa University
U.S. Partner: Douglas Cook, University of California, Davis (Funded by the National
Science Foundation)

Dates: October 2015 — March 2021

PROJECT OVERVIEW

Agriculture in Ethiopia forms the basis of the economy, with 80% smallholder farmers. These farming
systems are characterized by low yields, widespread use of unimproved landraces, outdated
production technologies, and biotic and abiotic stresses. In western and northwestern Ethiopia, soil
acidity and consequent aluminum toxicity are a primary limitation to crop productivity, especially for
chickpea (Cicer arietinum). Chickpea is the world’s second most widely grown pulse crop and a major
source of human protein nutrition, with 40% of Africa’s chickpea crop being grown in Ethiopia.
However, Ethiopia’s chickpea yields remain low, well below yield potential.

Among the constraints to chickpea production is its sensitivity to aluminum toxicity (Sahu et al., 2010),
which is a defining feature of low pH soils that are widely distributedin Ethiopia. It is critical to identify
tolerant germplasm and understand the molecular genetic basis of aluminum tolerance. Moreover,
because chickpea yields depend on beneficial soil microorganisms, especially nitrogen-fixing symbiotic
bacteria and phosphate solubilizing micro-organisms (PSMs), a parallel need is to identify acid/Al-
tolerant chickpea microbes.

This project combined expertise in plant breeding and genomics, soil microbiology, and
socioeconomics to develop chickpea technology to improve crop productivity and marketing in central
and western regions of Ethiopia. The project leveraged the resources and expertise of the U.S. partner
by testing wild-cultivated introgression lines, landraces, and elite cultivars for tolerance to acid. In
parallel, the project researchers identified tolerance to acid soils in endemic symbiotic Mesorhizobium
and co-occurring PSM populations. Products will be pipelined to national chickpea breeding programs
with Ethiopia for variety development and release.

FINAL SUMMARY OF PROJECT ACTIVITIES

In Ethiopia, the low productivity of various crops including chickpea is attributed to the use of
traditional management practices and various stress factors including soil acidity. Chickpea is widely
grown in Ethiopia and serves as a major source of protein. However, its productivity remains low, 1.8
t/ha, well below global average. Hence, this project was amid at identifying tolerant germplasm and
microbial inoculants for smallholder farmers in western Ethiopia. Moreover, through value chain, seed
system and marketing analysis, we aimed at generating policy recommendations. Overall, significant
achievements have been recorded during this project and key findings are presented below.

CORE ACTIVITY 1: Screening genotypes against Al toxicity



The general objective was to screen for Al toxicity under hydroponic condition; multi-locations,
characterize F2 and map QTL for genomic region conferring Al tolerance. After several studies and
experiments, 20 advanced lines with promising tolerance were handed over to Ethiopian
Biotechnology Institute (EBTI) for final evaluation before applying for variety registration at the
Ministry of Agriculture (MoA).

CORE ACTIVITY 2: Screening chickpea Mesorhizobium strains for acid soils

The aim was to collect chickpea rhizobia from acidic soils of Ethiopia and determine their genomic
diversity, and further screen for low pH tolerance and phosphate solubilization under laboratory,
greenhouse and field conditions. The genomic diversity with a whole-genome sequence approach
showed that 81 Mesorhizobium strains were obtained and estimated with average genome sizes
7Mbp, average depth of 143 X coverage. The pattern of genomic diversity observed indicates the
existence of multiple, broadly distributed phylotypes, with no relationship between geographic and
genetic distance The result also indicated that 62 strains grew well at low pH 5; and 47 of them were
phosphate solubilizers. The strains showed wide diversity in their substrate utilization and tolerance to
acidity, high temperatures, toxicity and heavy metals. Under field conditions, the inoculants showed
significant improvement in biological nitrogen fixation, growth, yield, nitrogen and phosphorus
uptakes of chickpea compared to the commercially available reference strain Cp41. The Natoli variety
better performed in many parameters followed by DZ-ck-2011-s-2-0042 variety with the applications
of inoculant in the field. Therefore, these inoculants have potential to improve chickpea production in
acidic soils in Ethiopia. These 3 inoculants have been handed over to EBTI team for further test for
final approval by the Regulatory Authority at MoA. Furthermore, Dr. Atsede Muleta successfully
completed her PhD studies in Inoculant Biology through this project and currently she is serving as
academic staff at University of Gondar, Ethiopia.

CORE ACTIVITY (3) Seed system study, marketing and value chain analyses

This core activity had two sub-component studies viz. chickpea value chain analysis; and chickpea seed
system and marketing study. The study identified two types of chickpea varieties produced in the
study area, namely Desi (smaller, reddish brown colored) and Kabuli (larger, cream-colored seeds). In
general, Desi varieties are grown for home consumption whereas the Kabuli varieties are for markets
beyond the production area and export. Like most legumes, the formal seed system for chickpea is
poorly developed and most farmers rely on their own farm saved seed, neighboring farmers or the
local grain markets. The major problems in the chickpea seed chain are price fluctuation, need
assessment gap, disease and pest, limited shelf life of the seed, seed quality, lack of awareness, high
seed price, in availability of inputs, seed shortage and lack of supporting institutions. Supply chains of
chickpea are also poorly organized and products move less quickly at high transaction and transport
costs between the different trade levels. To improve the value chain, sufficient supply of Kabuli type
seeds, introduction of low-cost technologies for processing, strong support from cooperatives and
access to information and finance are highly recommended. The project team met with district
agricultural officials and experts to share the outcome of the project in smaller groups. Accordingly,
they have shared several potential interventions needed in the chickpea seed system, value chain, and
marketing: Furthermore, discussions were made with research institutes and universities to make soil
acidity and related issue part of their research agenda for future joint intervention.



ETHIOPIA - PROJECT 3-94: DEVELOPMENT OF A MICROGRID RESEARCH CENTER IN
ETHIOPIA TO SUPPORT USAID’S POWER AFRICA PROGRAM

Pl: Belachew Gessesse With Co-Pl Nigus Gabbiye Habtu, Bahir Dar University

U.S. Partner: Suman Banerjee, University of Wisconsin-Madison (Funded by the National
Science Foundation)

Dates: September 2014 — February 2019

PROJECT OVERVIEW

The rate of electrification for rural Ethiopia is less than 1%, while 85% of the rural population is
distributed in villages. Providing electricity access to such dispersed populations using the traditional
electrification models based on centralized power systems is impractical from both the economic and
engineering perspectives. The bottom-up electrification model using the technology of microgrids
offers a competitive and practical alternative. This technology is just emerging, however, so there is a
need for research, development, education, technology transfer, and business development before it
can reach the technical maturity of the well-established centralized electrification model. This
research project aimed to bridge the gap by developing a microgrid research cluster in Ethiopia,
centered at Bahir Dar University (BDU). Project activities included development of analytical and
technical research capabilities, a laboratory-scale microgrid testbed, a field-site proving ground,
education, technology transfer, and outreach activities.

FINAL SUMMARY OF PROJECT ACTIVITIES

The main objective of this project was to develop a microgrid research center at Bahir Dar University
by establishing a laboratory scale microgrid testbed and a field-site proving ground in the village
nearby Bahir Dar city. The laboratory scale microgrid at Bahir Dar University and the prototype
microgrid in Woramit village near Bahir Dar has made a significant impact as a rural electrification
model. The newly constructed and commissioned prototype microgrid is being used to promote the
concept of microgrids and bring electricity access to rural populations. With this electricity access
higher quality lighting has been made possible which has led to an increase in literacy and education
levels, primarily among women and children as it enables them to study in the evening. This also
practically provides access to technology tools that include TVs, computer, internet, mobile charging,
etc. Moreover, both the development of the research lab and prototype microgrid has assisted in the
development of a university-level research program in the field of microgrids. Previously, students'
research on the topic of microgrids was based solely on simulation software with no practical
implementation.



ETHIOPIA - PROJECT 2-333: DEVELOPMENT AND FIELD TESTING OF HIGH-
PERFORMANCE ALUMINIUM OXIDE-BASED TECHNOLOGIES FOR FLUORIDE
REMOVAL IN THE ETHIOPIAN RIFT VALLEY

Pl: Feleke Zewge Beshah, Addis Ababa University

U.S. Partner: David Sabatini, University of Oklahoma (Funded by the National Science
Foundation)

Dates: August 2013 — June 2017

PROJECT OVERVIEW

The available technologies used for removing fluoride from water such as reverse osmosis, activated
alumina, and synthetic resins are difficult to implement in Ethiopia due to their high cost, the need for
skilled manpower for system operation and maintenance, and the challenges of ensuring a continuous
supply chain for the required chemicals and materials. Relatively simple and low-cost technologies
such as the Nalgonda technique and bone char have been tried in Ethiopia, but they have proven
inefficient under the prevailing water quality conditions. The objective of this study was to develop,
characterize, and evaluate the effectiveness and sustainability of innovative high-capacity aluminum
oxide-based materials, composite oxides, and impregnated high surface area adsorbent based
technologies for fluoride removal in rural villages of Ethiopia. The project looked at socioeconomic and
entrepreneurial aspects to find ways to make the technologies sustainable in the Ethiopian context.
Besides laboratory-based synthesis and characterization of adsorbents, the project included
preliminary field testing of the new materials, as well as assessment of socioeconomic and social
entrepreneurship factors and presentation of findings in workshops and training sessions.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Beshah's original grant was awarded to develop, characterize and evaluate the effectiveness and
sustainability of innovative high-capacity aluminum oxide-based materials and composite oxides for
fluoride removal in rural Ethiopia. The project aimed at socioeconomic and entrepreneur aspects to
find ways to make the technologies sustainable in the Ethiopian context. The project also received a
supplement to explore scaling up fluoride treatment technologies in rural Ethiopia. The defluoridation
technologies implemented and tried by various organizations in Ethiopia have yet to be proved
sustainable due to inadequate capacity of the organizations dealing with the technologies, lack of
understanding of the limitations associated with the technologies, affordability and lack of awareness
by the users, and absence of proper material supply chain either through the government channel or
by private sectors or in partnership.

During the project, the team conducted a concise stakeholder analysis outlining both a categorical and
individualized map of institutions and persons relevant in implementation of fluoride removal
technologies (drivers for scaling up). The team also visited the water, health and education bureaus in
four fluoride affected regional states (Afar, Oromia, Southern Nation, Nationalities and Peoples Region,
and Somali), as well as fluoride affected woreda, Kebeles or communities in each regional state.

The main objective of the field visits in the sample areas was to conduct situation or stakeholder
analysis, assess the situation of field implemented technologies, and carryout socioeconomic surveys.



Regional water bureaus were involved in selecting the assessment sites and targets for scaling scaling
through needs assessments. Document review was also an important source of data to capture the
existing gaps for scaling up the fluoride removal technologies in rural villages in Ethiopia. With this in
mind, policy/strategy documents, programs, and action plans were reviewed to come up with a proper
strategy.

Cognizant of the fact that fluorosis is a serious public health problem affecting the national
development, the Ministry of Water, Irrigation and Electricity (MoWIE) has established a National
Fluorosis Mitigation program which is aiming at the implementation intervention measures including
implementation of Water Defluoridation Technologies. Recently, the NFMPO and other NGOs,
particularly the Oromo Self Help Organization (OSHO) and the Catholic Relief Service (CRS) Ethiopia,
are making efforts to implement water defluoridation technologies in rural areas both at household
and community scales. The key issue related to the ongoing technological interventions is ensuring the
overall sustainability and building local capacity.

In addition, USAID supports the Government of Ethiopia’s efforts by incorporating water, sanitation
and hygiene activities into its health, education, humanitarian assistance and democracy and
governance programs, and water resources management into its agriculture and food security
activities. Among many other large scale programs and projects, USAID provided a grant of USD
$500,000 to OSHO which has been used for the installation of 12 community scale fluoride removal
units based on a bone char and production system of hydroxyappatite material in Modjo over a period
of 2 to 3 years starting from early 2014. The output of this project will have strong impact on the
USAID’s support to Ethiopia to enhance access to safe drinking water in the Ethiopian Rift Valley where
at least 14 million people are at risk of dental, skeletal and systemic fluorosis. The strategy for scale up
can be used all implementing partners.

The output of this project will also have an impact on water science and technology education and
research in Ethiopia. The problem of fluoride in particular and water quality in general will be included
in graduate curriculum which in the process of development with financial support from the World
Bank through soft loan mechanism for the Government of Ethiopia. The Ministry of Science and
Technology of Ethiopia also developed an interest to support further field testing and dissemination of
fluoride treatment technologies.
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ETHIOPIA - PROJECT 1-289: REDUCING SOIL LOSS THROUGH EFFECTIVE SOIL AND
WATER CONSERVATION PRACTICES USING HYDROLOGIC CONSIDERATIONS AND
FARMERS’ PARTICIPATION IN BLUE NILE BASIN

Pl: Seifu Tilahun, Bahir Dar University

U.S. Partner: Christopher Barrett, Cornell University (Funded by the National Science
Foundation)

Dates: May 2012 — November 2014

PROJECT OVERVIEW

Soil erosion decreases food production and hampers poverty reduction in the highlands of eastern
Africa. Despite intensive efforts since the 1980s to reduce sediment production and halt land
degradation, erosion continues unabated, decreasing already low crop yields further. Shallow soils are
becoming shallower, often abandoned, and gullies are swallowing productive cropland. Lost soil fills
reservoirs and silts downstream irrigation canals. Current measures to reduce soil loss are ineffective,
necessitating new approaches that consider the whole landscape's hydrology and utilize traditional
farmer knowledge for erosion control.

This project aimed to develop appropriate watershed and farmer-based erosion control practices for
the Ethiopian highlands, replacing inappropriate foreign technologies. Researchers installed
instruments in the Debre Mawi (5.27 km?) and Bir (64 km?) watersheds in the Blue Nile headwaters
and continued monitoring the Mizewa watershed (27 km?2), previously instrumented by the
International Water Management Institute (IWMlI). They identified erosion hotspots by measuring
spatially distributed runoff and soil loss and using participatory watershed methods and sediment
tracers. By locating hotspot areas, they proposed effective conservation practices. A simple physically-
based hydrology model was applied to locate practices in vulnerable areas, comparing predictions
with farmers' knowledge and traditional practices.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project showed that current massive soil conservation practices on the highlands of Blue Nile
Basin Ethiopia have an immediate impact on reducing erosion and soil loss. However, responsible
organizations including government and NGOs should also focus on best management practices at
bottomlands where gullies are expanding and not just to the current massive practices on the steep
hill slopes. Moreover, the team showed that gullies as deep as 15 m deliver the majority of the
sediment to the rivers and swallow valuable grass and cultivated lands. Despite the obvious and
enormous effect of gullies on sediment transport, large-scale government-led conservation
mobilization works do not target them as hotspots that need fixing. One of the reasons might be that
these gullies are difficult and expensive to rehabilitate and are seen by the communities as a
punishment from God for being against his will and, as such, any efforts to rehabilitate them will be in
vain. In one of the experimental watersheds, this project team was able to rehabilitate five gullies with
the aid of the community and thereby change the perception of farmers on their ability to stop gully
formation.



The research work in Bir watershed had an impact on the communities of the areas and beyond as
communities were not expecting any benefit from the rehabilitation of gullies. The benefit from the
gully was fodder for livestock for fattening and milking and these benefits to farmers were the major
mechanism to mobilize the community to work on gully rehabilitation activities. To pass the message
of our successes beyond the local communities, a workshop was conducted in October 2014 and 22
research papers were presented. Presentations included land use change, hydrological processes,
erosion rates, flow restricting pan formations, gully erosion, evaluation of conservations practices, and
conservation of gullies. All 11 PhD students and MSc students associated with PEER Science project
presented their findings. During the workshop three briefing notes and one book of abstracts were
distributed to the participants.

Moreover, one documentary film was produced. The video will be useful as a means to translate
research results to policy makers and awareness creation amongst those dedicated to planning,
implementing and maintaining soil and water conservation practices. The video can also be use at an
internationally to create awareness of the soil and conservation problems and challenges in Ethiopia
and might even prevent misdirected efforts of future donors.

This project received supplemental PEER funding to conduct research dissemination workshops and
field visits to showcase to farmers, low and high level SWC practitioners and policy makers that:

e To reduce storm runoff and soil loss from a catchment, SWC measures should be tailored to
specific field conditions by considering the hydrology (such as ground water table pattern),
topography and soil types. Infiltration ditches were found effective on the hillsides whereas on
the saturated bottomlands, such structures concentrate runoff, initiated gullies and caused more
erosion.

e Including gully treatment and stabilization as an important component of the large soil and water
conservation measures can help to reduce sediment loads in major Ethiopian rivers such as the
Blue Nile basin.

e Treatment of shallow gullies is necessary. Findings indicated different priorities and issues
between gullies having a depth greater than 3m and less than 3m. In the deeper gullies, a huge
amount of labor and cost was required for treatment as compared with shallow gullies. The
shallow gully treatment was completely effective unlike the collapse of structures in the deeper

gully.

e The cost comparison was done to determine how much it costs for the head treatment regarding
adding stone rip rap at the head with the currently used loose stone and gabion check dams. The
head treatment is low cost (59/m2) and technically can be implemented by the local farmers.
Whereas loose stone and gabion check dams costs $69 and $120 respectively.

In collaboration with Bahir Dar University, the Bureau of Agriculture of Amhara Region took an initiative
to implement these research outputs at the farmers’ fields. Because of this, farmers, development
agents, district level, zonal, and regional natural resource management officials participated in an
upscaling workshopin Finote-Selam. After the completion of the workshop, four regions in the Amhara
Region implemented the recommended measures from project research findings in their watersheds
and invited guests to observe their efforts. The Bureau of Agriculture is now using lessons learned from
the pilot districts as part of the regional natural resource management plans.



ETHIOPIA - PROJECT SG1-003: UNLOCK THE POTENTIAL OF BEGAIT CATTLE:
GENOME WIDE ASSESSMENT OF GENETIC DIVERSITY, POPULATION STRUCTURE
AND ASSOCIATION STUDY USING HIGH DENSITY SINGLE NUCLEOTIDE
POLYMORPHISM (SNP) MARKER

Pl: Selam Meseret, Ethiopian Biotechnology Institute

Dates: October 2019 -July 2021

PROJECT OVERVIEW

Ethiopia has the highest cattle population in Africa, with an estimated 70 million total cattle in the
country, and cattle farming plays a pivotal role in the livelihood of smallholder farmers. The majority of
the animals are indigenous breeds, well adapted to the local environment and distributed in diverse
topographic and climatic conditions in the country. One of the best known breeds for dairy production
in Ethiopia is Begait. This project sought to identify baseline data for genetic conservation to unlock
the genetic potential of Begait cattle. The results from this research will help to identify appropriate
animals for selection programs to increase milk production and improve its composition to produce
quality cheese. The Pl mentored female student researchers as part of this project, offering hands-on
training on data collection and analysis, molecular laboratory work, and paper writing. The project also
supported graduate thesis work, and the research results generated rarely-available data on from
indigenous cattle and formed the baseline for future work and grant proposals.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers began their work targeting a Begait cattle breed kept in the nucleus breeding herd in
Humera, Tigray Region, seeking to genotype the breed to perform a genome-wide association study
(GWAS). They captured pedigree information, milk yield and quality (such as composition of fat,
protein, and lactose), and reproduction-related data points using a customized open data kit digital
tool. Unfortunately, this work could not be completed because of unrest and political instability in the
study area. Pure Begait cattle are not found in other parts of the country in large enough numbers to
conduct GWAS, so the researchers turned to identifying genetic diversity and possible k-casein (CSN3)
and beta-lactoglobulin (LGB) gene polymorphism among various Ethiopian breeds.

They extracted genomic DNA from blood samples collected from a breeding dairy farm in central
Ethiopia, including Begin, Borena, Fogera, and crossbreeds. The team observed genetic diversity both
among and within breeds and proved polymorphism in the study population. The team noted that this
suggests that selection of animals can improve the genetics of the cattle population, as LGB and CSNs
genes both have an effect on milk production.

The milk yield and composition data generated from the Begait cattle under free grazing were on the
higher side compared to data from other research on Ethiopian indigenous and exotic breeds,
indicating a higher potential of the breed and need for future research. The researchers presented
their results at the Ethiopian Biotechnology Institute, Addis Ababa University, and other partner
organizations.



GHANA

GHANA - PROJECT 9-518: COMMUNITY AND HOSPITAL-BASED OBSTETRICS
WHATSAPP TRIAGE, REFERRAL, AND TRANSFER (WAT-RT) SYSTEM

Pl: Veronica Millicent Dzomeku, Kwame Nkrumah University of Science and
Technology, Kumasi

U.S. Partner: Jody Lori, University of Michigan (Funded by the National Institutes of
Health)

Dates: May 2021 — July 2023

PROJECT OVERVIEW

The overarching project goal was to increase continuity and access to quality maternal care, reducing
preventable obstetric-related deaths through (1) a WhatsApp Triage, Referral and Transfer (WAT-RT)
System connecting community health workers (CHWs), midwives at rural health facilities, and
healthcare personnel at referral hospitals; and (2) an obstetric (OB) triage system implemented at
referral hospitals to decrease facility delays. The WAT-RT system allows two-way communication to
assist in early problem identification and prompt referral to the next level of care. It will allow the
facility to prepare for incoming increased workload, thus preventing delays upon arrival. Phase | of the
project employed a participatory action research design to identify health system challenges from the
perspective of patients, providers, community leaders, and government. The team conducted a
learning needs assessment of the familiarity of CHWs and healthcare providers with the WhatsApp
platform and a review of the risk factors for OB emergencies warranting referral from the community
to the facility. Next, with stakeholders, the team designed the protocol for the WAT-RT system. Using
a train-the-trainer model to implement the system at 40 rural clinics and two referral hospitals, the
team trained clinic staff who will then become facilitators, training CHWs from their respective
catchment communities. Phase Il training took place at the referral hospitals. Following an assessment
of current OB triage protocols, including observations of admission and labor ward activities,
structured intake assessments, waiting times, and focus group discussions, the project team used an
iterative approach to design and deliver an interactive triage training course for all emergency
department and labor and delivery hospital personnel.

FINAL SUMMARY OF PROJECT ACTIVITIES

After baseline data collection and protocol design were complete, the project applied a carefully
coordinated train-the-trainers model for introducing their WhatsApp based system to healthcare
providers. In November 2021, the project team trained Ghanaian midwives and community health
workers on triaging, referral, and transfer of obstetric emergencies using the WAT-RT system.
Specifically, 29 rural health workers from 16 rural health facilities and 3 midwives from the Kwame
Danso hospital were trained on identifying risk factors for OB emergencies warranting referral from
the rural health facility to the referral hospital. As part of their training, all 32 participants
representing the total of 17 health facilities from the Sene West and Sene East Districts, were split into
groups of 6 to develop and present on a birth preparedness plan they will develop with each pregnant
woman they encounter. Again, they all received a step-by-step training on using WhatsApp for
communicating as part of the WAT-RT System. During the same period, the project team in Liberia



also held a train-the-trainers workshop for 20 rural health facility midwives in Bong County to guide
the on the establishment and operation of the WhatsApp platform on smart phones/tablets and
recognition of danger signs during pregnancy. The objective of the training was to ensure that the
midwives in turn, will train community health assistants in their catchment community use the
WhatsApp platform for referral and for feedback communication loop.

As the system rolled out in both countries, the project teams remained in regular contact with the
implementers, including making site visits to the facilities where they were based, to make sure the
system was working well and make any necessary adjustments or provide retraining. As the project
culminated, the researchers convened a dissemination meeting on May 24, 2023, at the KD District
Hospital in Ghana to share their findings with stakeholders and agree on next steps with regards to
sustainability. The district directors, midwives, and the in-charges of the participating health facilities
participatedin the meeting, along with Ghana Health Service Deputy Director Dr. Anthony Ofosu, U.S.
partner Dr. Jody Lori, and a maternal and child health specialist from USAID. The project team
recommended that extending the intervention to other rural communities and districts within Ghana
would ensure that obstetric emergencies are handled appropriately.

A strong collaboration has been developed with the Ghana Health Service from national, regional and
district levels for the implementation of the project. Dr. Anthony Ofosu has served as an advisor to the
project, and the team has also been regular contact with relevant Liberian healthcare authorities.
Regular meetings were held with the Bong County Health team that supervises the implementation
level of the project. KNUST has also formed a stronger collaboration with the University of Liberia
through sharing of experiences and learning on the project.

The main output from the project is the user-friendly, online-based triage and referral system that was
developed and piloted at 16 rural health facilities. After they experienced the effectiveness of the
system with regards to improving communication between health facilities at different levels of care
and preparing the receiving facility for incoming referrals to avoid delays in emergencies, the health
facilities have adopted the system, as well as the associated triage form that was also developed
under the project. Another key result was that midwives received training on OB emergencies,
triaging, and effective communication with clients and colleagues. During the two years that the
project was implemented with PEER support, a total of 306 referrals were made using the system.
Midwives and patients attested that the system was effective and contributed to improving health
outcomes. Going forward now that the PEER project has ended, the Pl and her team will create a
network of all midwives who received training in the use of the referral system to ensure frequent
communication and sustained implementation of the system. The district health directors and
directors of the implementing facilities will also be engaged to ensure that resources are available to
support the system. Researchers from the project team will continue to provide technical support to
the implementing facilities, and Dr. Ofosu will lead the team for national engagement and
dissemination of the developed system. Other funding support will be explored to extend the project
beyond the district to the regional level.
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GHANA - PROJECT 9-117: AGRIVOLTAIC TECHNOLOGY IN DRYLANDS OF WEST AFRICA:
STRENGTHENING NATIONAL INNOVATION SYSTEMS FOR DIFFUSION AND MARKET
DEVELOPMENT AT THE WATER-ENERGY-FOOD NEXUS

Pl: Francis Kemausuor, The Brew-Hammond Energy Centre, Kwame Nkrumah University
of Science and Technology, with Co-PI Patricia Amankwaa-Yeboah, CSIR-Crops Research
Institute

U.S. Partner: Efthymios Nikolopoulos, Florida Institute of Technology (Funded by the
National Science Foundation)

Dates: May 2021 — April 2024

PROJECT OVERVIEW

Ghana’s Renewable Energy Masterplan has targeted the installation of 448 MW of utility-scale solar
photovoltaic (PV) capacity by 2030. Achieving this target requires approximately 1,120 acres of land. As
of 2019, less than 50 MW of the target had been achieved, leaving close to 400 MW still to be
developed. The land requirement to install the remaining systems is high and has potential to erode the
environmental benefits of renewable energy. In land-scarce areas, using agricultural lands for solar PV
installation may also generate conflicts with existing land users.

The introduction of agrivoltaic systems in dryland regions is a step towards renewable energy and food
production securityin deprived rural areas where farming is the dominant occupation. The microclimatic
conditions found beneath solar PV panels are expected to have positive impacts on crop production,
irrigation water management, and renewable energy production. In warmer temperatures, the solar PV
panels are expected to maximize crop yield by introducing a shading effect to the crop, thereby reducing
heat and light stress and preventing depression in photosynthesis, thus allowing for greater carbon
uptake for growth and reproduction. The system is also expected to ensure the efficient delivery of
water to plants by decreasing evapotranspiration from soil and crop canopies.

This PEER project sought to inform solar installation companies and funding agencies, particularly in
northern Ghana, about outcomes from agrivoltaic systems and how to maximize land use by
incorporating crop cultivation under large-scale solar PV installations. The team sought to inform
policies to improve agricultural sector growth while increasing renewable energy contribution into the
national grid, thereby expanding the access rate of electricity to deprived farming communities in
northern Ghana.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers set up two tropical agrivoltaic research fields in Ghana, one on the research fields of
Crops Research Institute of the Council for Scientific and Industrial Research (CSIR-CRI), Fumesua, and
one on the New Energy compound, under Hikma Agro Services Limited, Tamale. This experiment
collected data on radiation and understory panel temperature, photosynthetically active radiations and
air temperature within the plant canopies in the open field agriculture and agrivoltaic systems, as well as
soil temperature and volumetric moisture content. The team also installed weather stations at both
sites to understand the impact of the technology across climatic gradients. This PEER project also



included training for staffon data collection protocols for a variety of parameters, including plant height,
stem elongation, number of primary branches, crop penology, number of flowers per cluster, and plant
physiological data. Team members collected field data weekly.

Prior to setting up the experimental fields, a socioeconomic baseline survey was conducted in the
northern parts of the country to assess farmers' willingness to support agrivoltaic projects. The results
showed that farmers are more likely to adopt or agree to an agrivoltaic technology if they believe the
project will benefit local communities, farmers, and the state. After setting up the experimental fields,
the PEER team also held farmer field activities to introduce farmers to the concept of agrivoltaics and
how it could help optimize land use for energy and food production.

The researchers found that agrivoltaics would have a higher initial cost than traditional PV installations,
so the government would have to intentionally drive change using the policy, much like an energy
efficiency program. As a result, the project team has engaged with the government team that prepared
the Ghana Energy Transition Framework, suggesting that a mandatory 5% of all utility scale projects be
agrivoltaic. The team also engaged with several PV installers through meetings and project workshops,
including a potential agrivoltaic trial collaboration with the country’s largest solar installer.

The project Pl received a grant from the Center for Global Equality to advance activities within the
Climate Compatible Growth (CCG) program, in which he will receive £55,000 annually for two years to
organize CCG activities in Ghana. The project co-Pl is also a member of a team that received a €140,000
grant from the Revenue Diversification Pathways in Africa through Bio-based and Circular Agricultural
Innovations (DIVAGRI) program, funded by the European Union. In August 2021, the Pl and partners
from Denmark and Tanzania received a grant for a project entitled “Energy Struggles: renewable energy
in Africa.” Francis Kemausuor is the Pl on the Ghana side of the project, with his university receiving
approximately $395,000. The university’s College of Engineering has also received a grant of one million
Canadian dollars (CAD $1 Million) to establish a multidisciplinary Responsible Artificial Intelligence Lab
(RAIL) under the Al4D Africa Multidisciplinary Labs project initiated by International Development
Research Centre (IDRC). Francis Kemausuor is a member of the team.

The PEER team presented their findings at a variety of events, including a student workshop, the
International Conference on Irrigation and Agricultural Development, a stakeholder workshop, and a
field visit at the Council for Scientific and Industrial Research. A manuscript on their findings is
forthcoming.



GHANA - PROJECT 4-040: DEVELOPMENT OF HIGH-YIELDING AFLATOXIN-RESISTANT
MAIZE HYBRIDS FOR IMPROVED NUTRITION AND HEALTH IN GHANA

Pl: Allen Oppong, CSIR, Crops Research Institute

U.S. Partner: Marilyn Warburton, USDA/ARS Corn Host Plant Resistance Research Unit
Dates: October 2015 — September 2018

PROJECT OVERVIEW

Dr. Oppong and his team applied Simple Sequence Repeat (SSR) and Single Nucleotide Polymorphic
(SNP) aflatoxin-resistant markers to help speed up the development of aflatoxin-resistant maize for
Ghana. The incorporation of aflatoxin resistant genes into local elite inbred lines for the production of
high yielding hybrids will not only improve maize availability in Ghana but will also improve the
nutrition and health of Ghanaians. The process of developing aflatoxin-resistant maize will enhance
the skills of Ghanaian scientists in using marker-assisted selection/breeding to hasten maize breeding
activities in Ghana, and these modern techniques can also be utilized in other breeding activities for
improved biotic stress resistance in Ghana and beyond. Currently, the use of marker-assisted breeding
is at the initial stages in Ghana, and using aflatoxin-resistant markers will reduce considerably the time
needed to breed for high yielding aflatoxin-resistant maize in Ghana. In addition, the acquisition of
equipment to support marker-assisted selection was intended to improve the technical infrastructure
at the Crops Research Institute.

FINAL SUMMARY OF PROJECT ACTIVITIES

The main objective of this project was to apply SSR and SNP aflatoxin-resistant markers to help speed
up the development of aflatoxin-resistant maize for Ghana and also equip human resources with the
skill needed for marker assisted selection especially, breeding for aflatoxin resistant varieties in
Ghana. The project has identified 10 potential high yielding hybrid varieties, which are being tested in
multi-locational environments to assess their stability and the best performing lines for eventual
registration and release as varieties for use and cultivation in Ghana. These promising hybrids were
obtained following a strict selection regime involving field phenotyping and genotyping using SSRs and
SNP markers with the support of laboratory analysis and quantification of aflatoxin levels.

The Pl reports that the laboratories of CSIR-CRI have been equipped with basic equipment needed for
aflatoxin detection and quantification that never existed prior to the implementation of the project.
The VICAM aflatoxin set up provided thanks to PEER funds is currently being used to detect and
quantify aflatoxins in maize. Similarly, the acquisition of the microplate reader as well as KASP
reagents for SNP analysis has enabled the Institute to carry out marker assisted selection using SNPs.

The human resource capacity of the of CSIR-CRI has improved considerably following training received
by project staff and students especially, the skills for marker assisted selection with SNPs and SSRs for
breeding for high yielding aflatoxin resistant maize varieties. The project organized a training course,

which attracted over 40 participants from various stakeholder institutions in the country, namely;



CSIR-Crops Research Institute, Kumasi, Kwame Nkrumah University of Science and Technology,
Kumasi, West Africa Centre for Crop Improvement (WACCI), University of Ghana Legon and CSIR-
College of Science and Technology, Kumasi. The participants were trained on how to use SNP and SSR
Marker for breeding as well as how to detect and quantify aflatoxins in maize using the VICAM
aflatoxin detection and quantification set up. Until the training CSIR-CRI had no capacity to detect
aflatoxins in maize.

Currently, CSIR-CRI is advertising its capacity to detect and quantify aflatoxins in maize to interested
stakeholders. The Pl hopes that these services when used by farmers will inform farmers the aflatoxin
status of their maize before they are consumed. With close to realization of developing high yielding
stable aflatoxin resistant varieties in Ghana, it is believed that these varieties when they are available
can highly contribute to the nutrition and health of Ghanaian maize consumers thereby improving
their health.

The next phase of this work after identifying two or three high yielding aflatoxin resistant hybrids is
the registration and release of these genotypes as varieties for use and cultivation in Ghana. This is a
crucial step to make all the work done so far complete for utilization and consumption by the general
public. It is estimated that in the next two years this can be become a reality.



GHANA - PROJECT 3-186: PRESSA: PHOTOVOLTAIC RELIABILITY EVALUATION IN SUB-
SAHARA AFRICA

Pl: Gabriel Takyi, Kwame Nkrumah University of Science & Technology

U.S. Partner: Christiana Honsberg and Mani G. Tamizmani, Arizona State University
(Funded by the National Science Foundation)

Dates: September 2014 — February 2019

PROJECT OVERVIEW

Many countries are procuring and installing large numbers of photovoltaic (PV) modules for various
grid-tied and stand-alone applications. These modules need to be evaluated to ensure that they

will meet the safety requirements (both electrical and mechanical), meet the nameplate rating
requirements (rating tolerance shall be minimum), and be reliable and durable for at least 20 years.
Because consumers decide to purchase modules based on their "$/watt" ratio as per the nameplate
rating, it is critical to ensure that the rating is accurate. In this PEER project, the nameplate rating will
be verified by the principal investigator's laboratory in Ghana before procurement decisions are made
by investors and the government of Ghana.

The lifetime of PV modules is dictated by failure modes and degradation rates. PV module
manufacturers typically provide 20-year warranties, but there are two problems. First, due to the
dynamic nature of the investors’ decisions, many manufacturing companies do not last longer than a
few years, rendering the 20-year warranty useless. Second, most manufacturers provide a 20-year
warranty due to heavy competition in the industry but do not have substantiated evidence to justify
these long warranty periods. Based on the experience gained in the U.S. partners'laboratory at ASU, it
has been demonstrated that the majority of modules do not meet warranty requirements, and most
manufacturers are no longer in business to make good on warranty claims when they are made. Three
of the major failure/degradation modes in the climatic conditions prevalent in Ghana are solder-joint
degradations/failure; encapsulate browning; and high relative humidity/rain-related degradation.

In this PEER project, samples of PV modules will be evaluated for the above failure and degradation
modes both in the field and the laboratory.

Two major impacts are expected with regard to purchasing decisions by various stakeholders,
including the government of Ghana and Ghanaian investors and consumers. The first impact is related
to nameplate rating verification. The stakeholders can purchase the modules based on their
independently measured power provided by the Ghanaian researchers rather than their manufacturer
rated power. The second impact is related to the lifetime of the modules in the field. An extensive
evaluation of PV modules is required to predict module lifetime under various climate conditions.
Given the limited budget and time available for this PEER project, the entire lifetime-related research
could not be performed, but the team carried out a few key reliability studies in the laboratory and in
the field to identify the major failure modes using less expensive, non-destructive tests.

FINAL SUMMARY OF PROJECT ACTIVITIES

The data collected so far under PRESSA provides compelling evidence that some of the PV modules
that are imported do not perform as expected based on the manufacturers’ nameplate ratings. The



Ghanaian consumer (including individuals, government agencies etc.) and other stakeholders must be
aware of this through the demonstration of their research findings. For instance, research on risk
priority number (RPN) of a 2.5 MW solar power plant in Northern Ghana indicates that after only five
years of operation, the rate of degradation has exceeded the rate that is expected in 25 years. These
results will be presented to the Volta River authority, the operators of the plant. They have been able
to show the performance in terms of prevalent degradation and rate of degradation of different PV
technologies installed at different climatic zones (Tropical Savannah and Semi-Arid Zones) in Ghana.

The project's potential development impacts include:

1. Prediction of life of PV modules installed in SSA using accumulated strain energy density from
the modelling of solar PV interconnections.

2. The prevalent defects of PV modules installed in the tropical savanna and semi arid climatic
zones in Ghana have been identified. This could be of great benefit in product development

3. The use of climatic condition (temperatures of KNUST) has helped generate a temperature
profile representative of sub-Sahara Africa. This Information will be useful for manufacturers
in the design of robust crystalline silicon PV modules.

The Pl and his team will continue to collaborate with the U.S. partner on both current and new
research. KNUST is currently partnering with ASU on MasterCard Accelerated Master’s Degree
Programs (3+1+1) in mechanical engineering, biomedical engineering and business programs. Under
this program, ASU will be training up to 150 KNUST students for five years. The U.S. partner has agreed
to take some of the students to do their projects in his laboratory at ASU Polytechnic.

PUBLICATIONS

Nyarko F., Takyi G., Amalu E., Adaramola M. 2019. Generating temperature cycle profile from in-situ
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GHANA - PROJECT 2-251: DEVELOPMENT OF EDIBLE AND MEDICINAL MUSHROOMS
AS FUNCTIONAL FOODS IN GHANA

PI: Mary Obodai, Council for Scientific and Industrial Research, Food Research
Institute

U.S. Partner: Steven J. Schwartz, The Ohio State University (Funded by the National
Science Foundation)

Dates: August 2013 — October 2016

PROJECT OVERVIEW

Across the world, including Ghana, edible wild mushrooms are commonly collected when in season.
Mushrooms are low in fat and sugars, a good source of protein, vitamins and minerals and most
importantly, are the only vegetable that contains all nine essential amino acids. Edible mushrooms
have attracted much interest as functional foods due to their antimutagenic, anti-tumor and anti-viral
properties. Food product development must address these changing consumer demands; the
development of a convenient mushroom-based functional food is one example. Thus, the goals of this
project were to (1) develop methods to cultivate different mushrooms in Ghana and assess nutritional
quality, (2) develop a mushroom-based infant functional food, and (3) assess the consumer
acceptability of the new mushroom product. Four species of mushrooms--two oyster mushrooms,
monkey seat, and termite mushrooms—were cultivated as part of the project, using agricultural
residues and tissue culture methods to transform organic waste into food. Product development
initially focused on infant food, guided by the needs of consumers and considering both technical
feasibility and profitability.

The U.S. partner provided technical training to Dr. Obodai and a member of her group, and
unemployed women and rural groups were targeted as the workforce for production of the food
products to be developed. The anticipated outcomes of the project include four mushroom species
available for use and further product development, a new market-tested mushroom-based product
ready for commercialization, and a trained workforce to grow and produce the initial mushroom
product. Ultimately, the project researchers hoped that expanding children’s diets to include
mushroom products would reduce the burden of malnutrition and improve food security in Ghana and
throughout Africa.

FINAL SUMMARY OF PROJECT ACTIVITIES

Over the course of the project, three mushroom-based products were developed for children ages 2
to 5, including mushroom orange-fleshed sweet potato (OFSP) mash, mushroom soup mix, and
mushroom-based cereal mix. These were developed from mushroom varieties including Pleurotus
ostreatus strain EM1, P. sajor-caju strain PSCW, P. tuber-regium strain PTR, Ganoderma lucidum strain
GLA, Auricularia auricula strain AU, and Termitomyces species. The team also carried out sensory
evaluation and consumer acceptability tests for 60 caregivers of children ages 2 to 5. The caregivers
selected mushroom-based cereal mix made from Pleurotus ostreatus strain EM1 and P. sajor-caju
strain PSCW for use. These caregivers were consequently trained in the cultivation and use of
mushrooms for the production of mushroom-based cereal mix. Three mushroom demonstration sites



were set up in Kukrantumi in the Eastern Region, Hohoe in the Volta Region, and Accra in the Greater
Accra Region.

Dr. Obodai and her team also analyzed 57 mushroom samples from two selected forests (Ayum and
Atiwa) for bioactive compounds such as beta-glucan, ergothioene, and vitamin D. Most of the selected
species contained varying amounts of these compounds, and these results form the basis for further
biotechnological applications. The project published one paper, and the Pl hopes to continue her
collaboration with her U.S. partner in writing future manuscripts, as the project has generated a great
amount of data.

In summary, Dr. Obodai’s institution, the Council for Scientific and Industrial Research- Food Research
Institute (CSIR-FRI), has incorporated the new mushroom products into the mushroom cultivation
training that they conduct twice per year. The developed mushroom-based foods will also be
promoted at workshops organized by CSIR-FRI. Their enhanced nutritional properties, which have
been documented, will be published in leaflets and handouts and distributed at workshops organized
by the Institute.

PUBLICATION
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GHANA - PROJECT 1-142: POSSIBLE CAUSES OF THE CONTRACTION OF WEST AFRICA’S
RAINFALL SEASON UNDER GLOBAL WARMING: IMPLICATIONS FOR AGRICULTURE

Pl: David Cudjoe Adukpo, University of Cape Coast

U.S. Partner: William Gutowski, Jr., lowa State University (Funded by the National
Science Foundation)

Dates: July 2012 — November 2014

PROJECT OVERVIEW

Observations and research results have shown changes in the onset of the main rainfall season in West
Africa, which in turn have an impact on agricultural practices. In many parts of West Africa, rain-fed
agriculture is a prominent instrument for economic growth, food security, and poverty reduction, so
future changes in climate may cause significant disturbances. This project studied the possible causes
of the reduction in West Africa’s rainfall season and explored the relationship between onset and
retreat of rainfall dates in West Africa and climate index interactions using response surface analysis.
The project also studied how the variability in rainfall is affecting the present and future maize yield in
Ghana, as well as other potential impacts such as hydroelectric power generation and fisheries.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Adukpo and his colleagues published their most recent joint paper in the June 2014 issue of the
International Journal of Geosciences. The paper uses the International Centre for Theoretical Physics
(ICTP) Regional Climate Model, Version 3 (RegCM3), and rain gauge data selected from the Ghana
Meteorological Agency (GMet) from 1990 to 2008 to investigate the extent and nature of variability in
the annual rainfall and pattern of the rainy seasons in Ghana. Several of Dr. Adukpo’s students gave
seminar presentations at the Department of Physics as part of their continuous assessments towards
the M.Phil degree. In September, another of the team’s jointly published papers, “Farmer’s
observation on climate change impacts on Maize (Zea mays) production in a selected Agro-Ecological
zone in Ghana,” was presented at the Fifth International Conference of the Organization for Women in
Science for the Developing World, in Cuernavaca, Mexico.To disseminate their findings and
recommendations broadly, the research team visited farmlands and discussed changes with the
farmers impacted by the rainfall season, as well as organized a workshop on climate change and food
security in Ghana.

PUBLICATIONS
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GHANA - PROJECT SG1-002: THE GUT MICROBIOME COMPOSITION AND ITS
IMPLICATION FOR HYPERTENSION

Pl: Adjoa A. Boakye, University of Health and Allied Sciences

Dates: February 2020 — May 2021

PROJECT OVERVIEW

In many sub-Saharan countries, research has been tailored mainly towards infectious diseases and
food security, while research into noncommunicable diseases (NCD) has been neglected. Studies of
NCDs across Africa showing an increasing burden of NCDs related to cardiovascular disease. This PEER
project sought to understand the extent of hypertension as a public health concern in the Volta region
of Ghana. The team’s findings, as well as a community engagement exercise, indicate the need for
community-based education on this topic. This is particularly important because in a country like
Ghana, which already has a struggling healthcare system, risk factor identification and prevention is
the easiest way to prevent the collapse of the system. The project also supported the Pl in becoming a
mentor to several undergraduate researchers who are beginning their scientific careers.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers gathered data from adults across several Volta region communities, including
demographic and lifestyle information, various measures of obesity and blood pressure, and
anthropometric and bioelectrical impedance measurements. The overall prevalence of hypertensionin
the study population was 28.56%, but more than 50% of those with hypertension did not know their
status. Some of those who knew their status did not comply with the treatment regime that had been
prescribed due to misconceptions about the side effects of antihypertensive drugs. The researchers
found significant associations between hypertension and age, as well as measures of central obesity
such as visceral fat. Measures of general obesity such as percentage of body fat and body mass index
did not show good predictive value and had weak positive associations with hypertension. No
associations were seen with regard to physical activity level and hypertension, since most of the study
participants had a rather sedentary lifestyle.

Parts of this research were submitted as theses by two of the PI’s mentees, and the Pl presented the
results at a technical meeting at the University of Health and Allied Sciences. The Pl received a new
grant within the project period from the Royal Society of Tropical Medicine and Hygiene and published
several manuscripts, including one on the results of this project. She mentored and supervised three
undergraduate students who successfully defended their theses and graduated.

PUBLICATION
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KENYA

KENYA - PROJECT 9-69: ENHANCING CAPACITY OF LOCAL COMMUNITIES IN
LAIKIPIA COUNTY, KENYA: INCREASING PREPAREDNESS AND RESPONSE TO
EMERGING INFECTIOUS DISEASES IN PARALLEL WITH PRESERVATION OF
BIODIVERSITY

Pl: Joseph Kamau, University of Nairobi

U.S. Partner: Dawn Zimmerman, Smithsonian Institution (Funded by the
Smithsonian Institution)

Dates: April 2021 — June 2023

PROJECT OVERVIEW

The burden of zoonotic diseases has been increasing globally over the last few decades, raising
concern among governments. Zoonotic disease has led to increased household health-care costs, loss
of income from livestock trade, and loss of endangered and rare wildlife biodiversity, among many
other negative impacts. These diseases impair progress towards attainment of Sustainable
Development Goals, the African Union Agenda 2063, and Kenya’'s Vision 2030. The factors contributing
to the increasing burden of these diseases include the expanding population, degrading wildlife
habitats, international travel and trade, changing farming systems, urbanization, cultural practices,
poverty, and climate change, among others. The One Health approach that brings the interconnection
between biosafety, biosecurity, and biodiversity, involving multisectoral and multidisciplinary
collaboration between human health, animal health, and environment sectors among other
stakeholders, is only one approach that presents a viable solution to this challenge.

A key finding of the USAID-funded PREDICT-2 program in Laikipia County, Kenya, was a general lack of
awareness in all communities that contact with animals can cause disease in people. Laikipia has
closely interacting human, wildlife, and livestock elements in an environment under multiple
pressures, such as land use changes and increasing livestock, wildlife, and human populations.
Unpublished USAID PREDICT-Kenya data identified the following gaps: (1) the role of biological
diversity and its ecological role in relation to transmission of emerging infectious diseases (EIDs); (2)
potential behavioral and cultural practices that potentially expose the community to EIDs; and (3) lack
of EID risk awareness in terms of sources, identification, and interventions. It is on this basis that
future risk mitigation strategies should emphasize education tailored to specific sites to be socially and
culturally acceptable. Targeted training of community-based health workers, community leaders,
rangers, and wardens who are chosen by the community would provide a communication channel for
dissemination of national and tailored local public health initiatives to vulnerable people living at high-
risk human-animal interfaces. This study sought to increase preparedness and response to EIDs by
enhancing the local communities’ understanding, through a more integrated One Health approach, of
the importance of ecological correlates to global EIDs.

FINAL SUMMARY OF PROJECT ACTIVITIES

Over the course of the project, which involved organization of 29 public events attracting 790



participants, the team was able to increase preparedness and response to diseases among the
community members, resulting in a more alert community that is conscious of their interaction with
animals and the environment. They also increased the communities’ awareness on the role of
biodiversity on disease dynamics, including emergence, transmission, and spillover, and stakeholders
now appreciate the role of biodiversity and its conservation in emerging diseases. The community
members were also able to relate their traditional and current knowledge of biodiversity to disease
dynamics.

The project also enhanced capacities of various cadres of health workers on disease epidemiology and
occurrence using the One Health approach. Health workers are now applying the acquired knowledge
in diagnosis and management of diseases. This has led, for example, to the quick identification of the
potential origin of disease symptoms. Inone case, a health worker linked patients to ingestion of meat
from a dead camel.

Lastly, the project worked on the incorporation of emerging diseases and pandemics as a threat in the
Laikipia County Community Strategy 2021-2025. The County Health Department incorporated disease
emergence and pandemics as one of the threats that required concerted effort in preparedness and
response. To support this, the county has allocated resources to address disease emergence and
pandemics. Despite the progress made on the project, the Pl Dr. Kamau and his team note that there
remains much work to be done to address the disconnect between the One Health approach to
disease surveillance and clinical diagnostics. There is a need for further education to raise awareness
at the county level (particularly county disease surveillance officers and health managers). In
particular, the project team recommend two key areas for improvement. First, a training module
should be developed that incorporates the project findings regarding tick-borne disease, disease
epidemiology, and disease ecology. Second, the training module should be accredited to count
towards continuing medical education requirements for healthcare workers and other health
professionals. Although the PEER project has ended, Dr. Kamau and his colleagues will continue
working to build on their stakeholder linkages and research partnerships to further their efforts in this
regard.



KENYA - PROJECT 8-105: DISTRIBUTION AND SPECIES DIVERSITY OF BATS (MAMMALIA:
CHIROPTERA) IN KENYA

Pl: Paul Webala, Maasai Mara University

U.S. Partner: Dawn Zimmerman, Smithsonian Institution

Dates: January 2020 — June 2022

PROJECT OVERVIEW

In the face of unprecedented population declines in many wildlife species, monitoring changes in
ecological communities is critically important for conservation planning and decision making. Bats
(Mammalia: Chiroptera), with approximately 1,400 species, are the second-largest mammalian group
on earth. They are also ideal biodiversity and environmental health indicators, as they have a wide
range of ecological traits and tolerances to environmental variables, playing key roles in ecosystems.
Since many bat species use sound to detect, localize, and classify objects, they can be monitored
remotely and non-invasively by acoustic sensors. Acoustic monitoring is therefore a useful
conservation tool to monitor anthropogenic effects on biodiversity. However, the paucity of local call
reference libraries presents a major challenge to monitoring bats in tropical, megadiverse regions.

Kenya is home to more than 100 bat species, but despite the high diversity, they have not been
systematically surveyed. In addition, more than 20% of the species are endangered and severely
threatened due to anthropogenic drivers (e.g., habitat loss, climate change). The Pl and his colleagues
surveyed select Kenyan preserves and remote unsampled areas to collect biological samples and
record vocalizations to speciate the bats.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team used a diversity of techniques in field collections, using mist nets, hand nets, and harp
traps in different situations. Both mist nets and harp traps are useful in identifying areas used by bats in
foraging or commuting. The researchers also used hand nets in caves, mines, tunnels, and dwellings to
capture bats at roosts. The latter method was particularly informative, as it shed light on the bats’ social
groupings, as well as their roosting preferences.

They routinely recorded echolocation calls from insectivorous bats. Calls were collected by releasing
newly captured bats into a portable flight chamber and recording their ultrasonic calls as they flew
around the chamber, looking for an exit. Echolocation calls were also recorded as bats were released
into the wild and flew around. Other species families (e.g., Rhinolophidae) were recorded using hand-
held bats because the "resting frequency" of these stationary individuals varies very little within a
sequence, making hand-held calls best suited for frequency comparisons between individuals or
populations.

Over the course of the project, they recorded more than 2,400 bats of 62 species. All ten echolocating
bat families of Kenya are represented in the records, which will form the foundation of a national call
library. The researchers also collected thousands of samples for disease surveillance, including blood,
oral swabs, rectal swabs (or feces), urine, and external parasites. They also documented the myriad
mites, ticks, fleas, bat flies, and bat bugs on the bats—in all, nearly 3,000 sets of parasites were



collected and distributed to specialists. The team extracted prey DNA from fecal samples from 91
different species, and despite the lack of funding for immediate analysis, these samples currently
constitute a sampled study of trophic habits.

The team also collected duplicate tissue samples, typically muscle but also wing biopsies, either flash
frozen in liquid nitrogen or preserved in ethanol to aid genetic studies. Skulls were later extracted
from the carcasses and cleaned to allow osteology and dentition analyses; it should be noted that this
preparation preserved for study the highly variable soft-part anatomy of bats' nose-leaves, ears, lips,
and chins, which vary due to their use in echolocation and intraspecific communication.

The PEER team presented their findings at several conferences, including the 2022 American Society
of Mammalogists and the 2023 African Small Mammal Symposium. Many early-career students and
assistants gained invaluable training and experience working with bats during the project cycle, some
of them for the first time in their lives.

The team received nearly $250,000 in additional grants from two projects of the National Geography
Society for continuing this work. A new species of Horseshoe Bat, Webala's Horseshoe Bat
(Rhinolophus webalai) from Kenya, has been named after the Pl in recognition of his important
contributions as a field biologist, prolific author, conservation leader, and mentor to the next
generation of African bat biologists. Going forward, the PEER team is working with Kate Jones at the
University College London to develop algorithms that will form the basis of an automated acoustic call
library for Kenya's diverse bat species.
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KENYA - PROJECT 8-66: DEPLOYING STRIGA SMART SORGHUM: THE LAST MILE
Pl: Steven Runo, Kenyatta University

U.S. Partner: Emily Bellis, Arkansas State University (Funded by the National Science
Foundation)

Dates: January 2020 — March 2022

PROJECT OVERVIEW

Crop losses caused by parasitic plants of the genus Striga pose a great danger to the livelihoods of
millions of smallholder farmers in Africa. The parasite attaches to host crops and siphons nutrients,
leading to severe growth retardation and death of infected plants. One efficient and cost-effective
way to control infestations would be to develop crops that are resistant to Striga. Extensive searches
have led to the identification of cultivars and wild relatives of crops that are resistant to Striga
parasitism, and subsequently resistant varieties have been introduced in some breeding programs in
sub-Saharan Africa. However, the resistance often is weak and tends to break down.

This PEER project sought to develop a platform to deploy sorghum varieties with durable resistance to
Striga. Dr. Steven Runo and his team aimed to improve the sustainability of food crop production
systems and contribute to the alleviation of hunger and poverty of smallholder farmers by reducing
the risk of crop failure, increasing profit margins, protecting yield, and extending the life of varieties
that farmers have adopted. The PEER team also linked farmers to the extended sorghum value chain.
Because sorghum is considered a “women’s” crop in most Kenyan communities, this economic
advancement will directly impact women.

The Pl and his team worked with local farmers and extension officers to select, from a set of Striga
resistant varieties already tested under laboratory and field conditions, sorghum varieties with
preferable traits. The researchers also leveraged Striga genetic diversity data generated by U.S.
partner Dr. Emily Bellis to determine how Striga adapts to various environments and determines host
compatibility, including seeking eco-geographic regions with the most aggressive Striga and
compatibility or incompatibility between Striga ecotypes and selected sorghum varieties.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team worked with farmers to grow sorghum varieties in their farms before making their
preferred selection. The researchers carried out field evaluations of Striga-resistant sorghum in four
field sites for one season (April-August 2021) and two sites for two seasons (September—December
2021), collecting data on farmer selection and Striga resistance. The farmers preferred grains that are
bird resistant (high in tannin), Striga resistant, early maturing, and that have large heads, a dual
purpose for feed. Some Striga-resistant sorghum identified in the team’s study had traits desirable to
farmers. Other sorghum varieties were more desirable for industrial uses, including one for brewing.

To develop varieties of sorghum that have more desirable traits in addition to Striga resistance, the
PEER team developed a breeding platform for sorghum to introgress more traits into Striga resistance.
Research assistant Cecilia Shinda made several crosses, including Striga-resistant sorghum with
brewing quality, Striga-resistant and bird resistant, and crosses of sorghum with more than one
mechanism of resistance. To identify early maturing sorghum with Striga resistance, PhD student



Sylvia Mutinda screened the sorghum accession panel (SAP) and identified 12 new Striga-resistant
early maturity sorghum varieties. The PEER team therefore created a solid foundation for carrying out
the screening of these varieties under field conditions.

The researchers used genomic sequence data from the U.S. partner Dr. Bellis to determine the
distribution of Striga pathotypes (variants) in various regions in western Kenya. They identified genetic
variants of Striga that may cause differences in virulence (aggressiveness of infection). The data have
been used to develop virulence maps. The team also analyzed samples from Striga growing on various
Striga-resistant sorghum lines in different locations and carried out a transcriptome analysis of
sorghum varieties having distinct mechanisms of Striga resistance.

Genomic analysis of Striga and sorghum data showed specific adaptation of the parasite to some
hosts. Further work revealed the evolution of the parasite to overcome host resistance. This will
inform specific guidelines for the deployment of the resistant varieties. Genomic data and
transcriptome analysis revealed distinct mechanisms of resistance in sorghum. This work led to the
identification of more Striga-resistant sorghum varieties and inspired further work to impart Striga
resistance in sorghum using genome editing. In the short term, varieties will be registered and
deployed to improve livelihoods in Kenya.

The PEER team received three additional grants to continue this work, including from the King
Abdullah University of Science and Technology and the Mawazo Foundation. The team and U.S.
partner also delivered a virtual workshop on genomics and R tools in spatial data analysis. More than
100 people from Africa, Asia, the United States, and Europe participated.
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KENYA - PROJECT 8-056: APPLICATION OF PARTITIONED WOODY AND HERBACEOUS
FORAGE ESTIMATES IN INDEX-BASED LIVESTOCK INSURANCE, A BETTER
ALTERNATIVE TO NDVI AS A PROXY FOR FORAGE INDEX

Pl: Milkah Kahiu, International Livestock Research Institute, in Partnership with Jomo
Kenyatta University of Agriculture and Technology

U.S. Partner: Niall Hanan, New Mexico State University (Funded by the National
Aeronautics and Space Administration)

Dates: January 2020 — July 2023

PROJECT OVERVIEW

Pastoralists inhabiting African rangelands primarily depend on livestock for their livelihoods but
remain extremely vulnerable to droughts, the single largest cause of livestock mortality in the region.
To mitigate the devastating impacts of drought, the International Livestock Research Institute initiated
Index-Based Livestock Insurance (IBLI) to cushion pastoralists. In 2015, the Kenyan government
adopted IBLI through the Kenya Livestock Insurance Programme (KLIP), as part of a larger national
social protection program. As of 2019, it provided coverage to nearly 20,000 households, with
expansion plans to include not only Kenyan households but also those in Ethiopia, Niger, Uganda, and
Somalia.

Current IBLI contracts are based on an independent index derived from the Normalized Difference
Vegetation Index (NDVI) as a proxy for forage scarcity, thus making it immune to manipulations by
insurance clients or companies. NDVI is an indicator of vegetation vigor or greenness for all vegetation
in a landscape. However, livestock in pastoral systems largely feed on herbaceous foliage, limiting the
precision of NDVI for estimating forage availability, especially in areas with significant tree and tall
shrub cover. This also poses a challenge for planned expansion into agrosilvopastoral systems.

This PEER project explored alternative data sources for IBLI, including the use of new satellite products
for estimating forage index, contract design, and feasibility analysis in Kenya. Dr. Kahiu and her
colleagues focused on expanding the analysis to include both leaf area index (LAl) and NDVI data from
the Suomi National Polar-Orbiting Partnership (NPP) Visible Infrared Imaging Radiometer Suite (VIIRS)
to ensure continuity in data flows.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team derived an updated estimate for woody cover in the Horn of Africa, an important
component of their leaf area index (LAl) partitioning approach, using Sentinel radar and optical data
for 2018 through 2021. They used several different models and approaches developed by their U.S.
partner and others to ensure that changes in woody cover over time were captured in the estimates.

As the MODIS satellite approaches decommissioning, the PEER team actively explored alternative data
sources to ensure the continuity of the work, including the Visible Infrared Imaging Radiometer Suite
(VIIRS). They compared estimates derived from the two satellites, which showed a 93% correlation
between the aggregate LAl values obtained from both MODIS and VIIRS. They plan to continue with
this analysis in other regions in Africa and potentially globally to understand the differences and



potential time lags between the two products, especially during the early stages of vegetation growth.

Finally, the researchers studied the suitability of partitioned LAl estimates in IBLI forage models. They
used historical livestock mortality data from northern Kenya to test two competing forage type
models using a random forest regression approach. The team showed partitioned forage models,
including woody and herbaceous forage.

The PEER group hosted a workshop to share their approach and results, published several academic
papers, and presented their work at the 2022 annual meeting of the American Geophysical Union.
They also hosted a training with the Regional Centre for Mapping of Resources for Development
focused on forage estimates derived from partitioned LAI, which was aimed at engaging a diverse
range of stakeholders from pastoral regions in Kenya. Through the U.S. collaborator, the partitioned
LAl products were also shared through a web portal for forage monitoring.
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KENYA - PROJECT 5-093: REMOTE SENSING AND GIS MAPPING FOR LAND USE
CHANGES IN LAIKIPIA ECOSYSTEM, KENYA: A TOOL TO EXPLORE PATTERNS OF
BIODIVERSITY AND EMERGENCE OF VECTOR-BORNE ZOONOSES AND ENHANCE
ENVIRONMENTAL MANAGEMENT AND COMMUNITY HEALTH

Pl: Nancy Moinde, Institute of Primate Research-National Museums of Kenya

U.S. Partner: Peter Leimbruger, Smithsonian Institution
Dates: December 2016 — October 2021

PROJECT OVERVIEW

Laikipia County in central Kenya supports one of the highest levels of mammalian diversity in East
Africa. The semi-arid environment is changing rapidly due to land use changes, and climatic changes
are projected to alter ecosystem resilience. These anthropogenic changes can alter the dynamics of
zoonotic infectious diseases in wooded and bushland fringes of semi-arid ecosystems. Vector-borne
diseases carried by vectors such as mosquitoes, ticks, and sand flies are known for their rapid
response to environmental modifications and climate change.

In this PEER project, the team focused on the interrelationships between climate change, land use
patterns and their impacts on large mammal distribution, and disease vector diversity. They studied
how these, in turn, influence human adaptation and ecosystem resilience to ecological change. Using
the Advanced Very High-Resolution Radiometer (AVHRR)-derived Normalized Difference Vegetation
Index (NDVI), the researchers examined the relationship between inter-annual NDVI parameters and
species richness of large mammals and ticks and sand flies as disease vectors. They also studied
primary productivity of current land use systems within current climate patterns and its relationship to
mammals and vegetation cover and variation in host feeding preferences of zoophilic mosquitoes,
sand flies, and ticks from different land use systems and climatic zones of Laikipia. Dr. Moinde and her
team used remotely-sensed data to represent environmental factors influencing species richness in
different ecosystems, as well as disease vector sampling and molecular analysis of vector feeding
preferences.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team conducted and analyzed a community questionnaire on perceptions of climate change
in Laikipia County and its effect on their livelihoods, after which they correlated the survey findings
with climate data analysis. The rainfall dataset indicated a shift towards a late start and early stop of
seasonal rainfall, coupled with erratic distribution of the rains within the rain seasons and increased
occurrence of heavy episodic rainfall events. Laikipia land users (i.e., farmers, agro-pastoralists,
pastoralists, and commercial ranchers), expressed that the erratic nature of rainfall patterns in Laikipia
have reduced livelihood production within the pastoralist, commercial rancher, agro-farmer, and
farmer communities. The questionnaire dataset indicated the prevalence of various strategies like
diversifying to two or more livelihood practices, which is becoming a mode of survival to mitigate
vulnerabilities and increase resilience.

The researchers also held 10 community and stakeholder workshops, in which participants clearly



articulated the link between extreme onset of episodic rainfall events and the relatively higher
incidences of tick loads, which was also linked to corresponding increase of malaise symptoms similar
to malaria and typhoid. The team collected blood samples from 570 individual mammals during the
two-year data collection period, and their zoonosis data analysis indicated that the pathogens
Rickettsia felis and Anaplasma p., found in small wild mammals, have symptoms that overlap widely
with those of malaria and typhoid. Stakeholders also indicated that people within Laikipia County have
access to clinics but are primarily only tested for the latter diseases. The key argument that came out
of these workshops was that the public health authorities at the county level need to expand their
clinical laboratory protocol to include other prevalent diseases identified in this study. These
discussions also highlighted local mitigation strategies, such as applying marigold plants and hot chili
peppers during the higher occurrences of tick load where goats are kept within certain sections of the
rural Maasai households.

Research findings on small mammals also suggested that certain land use practices appear to impact
mammal diversity and prevalence of zoonotic infection. The various datasets collected by the PEER
team were integrated into an ecological model using binomial GLMM analysis to examine the
interrelationship between climate and land use effects on small mammals and zoonotic disease. They
found climate and land use can affect the prevalence of zoonotic diseases by conducting a conducive
environment for pathogens, their vectors, and their reservoir’s host. Land use can in addition increase
or decrease the interface for pathogen transmissions between different species. The team’s overall
ecological model findings suggest that aridification and global warming due to climate change will
increase zoonosis incidences as well as reduce species diversity and specifically evenness which can
also increase incidences of zoonosis.
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KENYA - PROJECT 4-494: ENHANCING CONSERVATION OF AFRICAN BUFFALO AND
RANGELAND HABITAT THROUGH MOLECULAR INVESTIGATIONS OF FOOT-AND-
MOUTH DISEASE AT THE WILDLIFE-LIVESTOCK INTERFACE

PI: Francis Gakuya, Kenya Wildlife Service

U.S. Partner: Andres Perez, University of Minnesota (Funded by the United States
Department of Agriculture/ National Institute of Food and Agriculture)

Dates: October 2015 -May 2018

PROJECT OVERVIEW

Disease transmission at the wildlife-livestock interface is among the foremost challenges in wildlife
conservation in landscapes shared by livestock and wildlife. Foot-and-mouth disease (FMD) is one of
the most important animal diseases globally, and the virus has major impacts on a country’s ability to
engage with the global livestock industry. One of the greatest challenges for FMD control in Africa is
transmission of the virus between cattle and the primary wildlife reservoir, African buffalo (Syncerus

caffer).

Nearly 70% of buffalo in east Africa are infected with FMD. Measures taken to separate cattle from
wildlife to prevent transmission, such as the use of fences, have negative impacts on wildlife
populations via habitat fragmentation and restriction of movement. This project utilized molecular
genetic techniques to address critical knowledge gaps about FMD transmission at the wildlife-livestock
interfacein Kenya, including quantifying transmission dynamics across multiple land-use scenarios and
genetic characterization of circulating strains in each host to inform vaccine development. Specifically,
the project objectives were to (1) characterize the frequency and directionality of transmission
between buffalo and cattle, (2) determine the geographic sub-structuring of FMD virus across three
localities of central Kenya, and (3) assess the effect of management strategies separating buffalo and
cattle on FMD transmission dynamics.

FINAL SUMMARY OF PROJECT ACTIVITIES

African buffalo are reservoirs for foot-and-mouth disease virus (FMDV), one of the most important
pathogens affecting livestock globally. The role of buffalo in the epidemiology of FMDV is poorly
understood in eastern Africa, a region where cattle and wildlife populations regularly intermix. In this
PEER project, Dr. Gakuya used molecular genetic methods to evaluate the frequency of buffalo-cattle
FMDV transmission in central Kenya and assess the phylogenetic relationship between FMDV
outbreaks in cattle populations and viruses found in buffalo. They collected samples from 92 buffalo
and 98 cattle from in and around Ol Pejeta Conservancy (OPC) in Laikipia County. Blood samples were
analyzed for detection of antibodies to FMDV non-structural proteins, and oropharyngeal (probang)
samples were used for virus isolation and genetic sequencing of the VP1 region (Sanger sequencing /
Next-generation sequencing-NGS). In addition, 21 samples from cattle outbreaks were analyzed.

They recovered 75 sequences from buffalo, all of which were FMDV serotypes SAT1 or SAT2. NGS
revealed dual infection by both serotypes in six buffalo, which is among the first demonstrations using
sequencing of dual infection by multiple serotypes of a naturally infected host. Despite extensive



contact with infected buffalo populations, no SAT1 or SAT2 viruses were found in cattle in OPC,
suggesting that cross-species transmission is rare.

In addition, viruses found in buffalo and in some cattle outbreaks were genetically distinct from
current vaccine strains, suggesting that the vaccine utilized in Kenya may need to be reformulated to
better protect cattle from circulating FMDV strains. These results will potentially change the current
policy discussions in four main areas; enforcement of quarantine and movement restrictions in view of
pastoralists lifestyle, veterinary vaccine development and assessing efficacy, integration of wildlife-
livestock as a means to increase per acreage earning from the rangelands, and disease monitoring and
management at the wildlife livestock interface.

It was also revealed that the FMD viruses found in buffalo and cattle do appear to be intermixed,
which provides the clearest evidence of linkages between FMDV in cattle and buffalo in Eastern Africa
to-date. Furthermore, results also suggest that there is a significant long-distance movement of FMDV
across central Kenya, most likely related to livestock movements. This is shown by the close relation
between viruses found in OPC cattle and viruses found in Isiolo and Nakuru, both of which are regions
from which OPC purchases cattle.

Based on this results and the fact that fencing does appear to prevent disease transmission to buffalo,
the project partners intend to engage in a broader policy discussion with the Director of Veterinary
Services - Kenya, Foot-and-Mouth Disease Laboratory, Kenya Veterinary Vaccine Production Institute,
and the Kenya Wildlife Service. This is already underway through sharing the results with the Foot
and- Mouth Disease Laboratory and incorporation into the Directors brief. This will be followed up
through a workshop discussion to generate policy recommendations. This is focused on four key areas
of enforcement of quarantine and movement restrictions in view of pastoralists lifestyle, veterinary
vaccine development and assessing efficacy, integration of wildlife-livestock as a means to increase
per acreage earning from the rangelands, and disease monitoring and management at the wildlife-
livestock interface.

The project partners have planned a follow-up study to be conducted in Masai Mara National Reserve
and surrounding community conservancies (an area that has variable livestock-wildlife interaction and
concomitant disease outbreaks). This sampling will partly be based on research grants submitted and
through doctoral dissertation work by a PhD student in this grant (Dr. George O Paul). This will focus
on Foot and- Mouth disease, Lumpy Skin Disease, Peste De Petits Ruminants (PPR) and Bovine
tuberculosis.

The work will also cover other wild ungulates, including small herbivores such as antelopes, with a
view to expanding the understanding of the epidemiological role of other species besides buffalo, and
animal movement in the region. Future work will address other knowledge gaps about wildlife-
livestock disease transmission in Kenya, including the roles of other species (antelopes, goats, and
sheep) and the ecology of animal movement and cross species interactions.



KENYA - PROJECT 4-457: USING AN INTEGRATED MODELING FRAMEWORK TO
EVALUATE THE IMPACT OF HUMAN-INDUCED LAND USE/LAND COVER CHANGE ON
CARBON DYNAMICS IN THE UPPER EWASO NGIRO RIVER BASIN, KENYA

Pl: Stephen Kiama, Kenya Forestry Research Institute

U.S. Partner: Scott Goetz, Woods Hole Research Center (Funded by the National
Aeronautics and Space Agency)

Dates: October 2015 — March 2019

PROJECT OVERVIEW

The goal of the project was to strengthen monitoring and prediction of the dynamics of ecosystem
services, primarily carbon and water balance in wooded and open grasslands. This research team’s
contribution lies in advancing a scientifically and operationally robust methodological framework that
will be able to quantitatively evaluate terrestrial carbon and water fluxes. Specifically, they integrated
complementary approaches, including ground-based observations, remotely sensed measurements,
and modeling, combining their strengths with an aim of circumventing shortcomings of stand-alone
approaches, as well as enhancing the predictive power of the integrated modeling framework. The
project involved testing the use of modern tools such as hyperspectral images or images captured by
drones to improve spatial resolution of characterizing patterns of vegetation composition and
functional traits. The researchers studied the use of such tools to support plot-level inventory needed
to drive a Landsat-based geometrical-optical model for characterizing the vegetation structure.

FINAL SUMMARY OF PROJECT ACTIVITIES

The team collected massive amounts of data on biophysical variables in both Mpala and Iimotiok
study sites, which they continue to organize and analyze. As the data is progressively being analyzed,
thereis a better understanding of the land surface, including the biophysical properties and processes.
Moreover, the existing operational Terrestrial Carbon and Water Observatory is yielding more data to
generate more insights. Using real data, they are progressively generating comparable statistics along
the gradient of anthropogenic pressures, i.e., showing the disparity between lImotiok and Mpala sites
on factual basis. The ongoing analysis of the collected biophysical data and efforts to fit empirical
models and calibrating process-based models, is itself rewarding in terms of enriching critical
modeling skills which has been lacking among Kenyan scientists. Since they are doing this as a group
(including the students who have been participating in the project, they are thus building long-term
capacity. The fitted/calibrated models, on preliminary basis, are simulating those targeted biophysical
phenomena fairly well, and already demonstrated their potential as operational tools.

During the course of this project, the Pl and his team developed a good working relationship with key
offices of the County Government of Laikipia. The visit by a team from the County Government of
Laikipia to the Terrestrial Carbon and Water Observatory, provided a good basis to advise the County
Government on impact-based targeting of their investments. During the 2018/2019 financial year, the
County Government allocated funds for re-seeding some of the degraded rangelands. This was the
first time the County Government allocated money meant to contribute towards rangelands
rehabilitation. Although the funds were just a start, it demonstrated the value of the evidence-based
advice to the County Government.



The team also developed collaborations with other organizations implementing programs in the same
locality such as the IMARA Program being implemented by the World Vision (Kenya) and Stockholm
Environment Institute (SEI Africa). The program will use data generated by the PEER Project to
generate baseline research to then evaluate improvements after interventions.

The research is now entering a new phase which is aimed at rehabilitating the degraded pastures and
securing the livelihood of the pastoralist. The primary focus of the research will be to test potential
(social and physical) technologies that would be practically feasible to be adopted at a large scale, yet
being simple in terms of cost and implementation. The second focus of the research will be
maintaining the existing Terrestrial Carbon and Water Observatory, together with the network of
sensors, for purpose of using the data that continue to be generated and used to monitor the success
of restoration interventions. The third focus of the research would be to discuss with the County
Government, and test or pilot new policy and/or legislative tools that would serve as opportunity for
the government to stimulate the pastoralists to adopt the restoration strategies, as well as mobilizing
the support of the commercial ranchers.



KENYA - PROJECT 4-428: ENHANCING ELEPHANT CONSERVATION AND PROTECTION
IN EAST AFRICA WITH MOLECULAR GENETIC TOOLS

Pl: Moses Otiende, Kenya Wildlife Service

U.S. Partner: Samuel Wasser And David Schindel, Smithsonian Institution

Dates: October 2015 — December 2020

PROJECT OVERVIEW

DNA tools are becoming increasingly useful for investigating and prosecuting wildlife crimes, including
matching carcasses to smuggled biological products and determining the location of poaching
hotspots. Elephant-specific microsatellite DNA markers have been accurately used to map elephant
populations over the entire African continent using DNA extracted from their feces. The map is
currently being used to trace illegal ivory shipments back to their origin using DNA extracted from
seized ivory.

Elephant poaching within East Africa has progressively increased since 2006, with the greatest
concentration of large ivory seizures coming from East Africa and especially southern Tanzania.
Identification of the origins of these seizures is vital, not only for timely prosecutions but also to
provide intelligence on major shifts in poaching activities across East Africa. This project aimed to build
a collaborative forensic network between Kenya, Tanzania, and Uganda by enhancing the forensic
capabilities of newly formed wildlife DNA labs in both Kenya and Tanzania, where the largest elephant
populations reside in East Africa and considerable cross-border movements of elephants occur.

A major part of this effort also involved enhancing coverage of the existing continent-wide elephant
DNA database by sampling and genotyping elephant dung in all important elephant areas within the
region where samples are still lacking. Enhancing this comprehensive elephant DNA database for East
Africa will greatly increase the capacities of authorities to monitor changes in areas of concentrated
poaching as well as bring cases to successful prosecution on a timely basis.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PI, co-Pl, and their teams collected and genotyped dung and tissue samples from key elephant
populations in savannahs across Kenya and Tanzania. Tissue samples were opportunistically obtained
during veterinary clinical interventions, such as treatment for diseases and injuries. The researchers
tested and optimized several mitochondrial markers developed in previous elephant studies. Through
this work, they began constructing an elephant genetic database for mitochondrial DNA in selected
elephant populations in Kenya and Tanzania. They also piloted non-invasive methods for enumerating
forest elephants and molecular tools for forest elephant population surveys using DNA. Analyses and
genotyping of the samples were done at the forensics and genetics laboratories at Kenya Wildlife
Service and Sokoine University of Agriculture in Tanzania. In the long term, these labs will be among
the reference labs for the East African and Central African region.

The PEER team organized a training for rangers and wildlife officers actively involved in
wildlife crime management in Tanzania, the first such high-level forensic training involving field-based
personnel. The training equipped rangers, often the first responders to wildlife crime scenes, with



tamper-proof evidence bags and crime scene investigation kits, which will ensure integrity and
traceability of evidence collected in the field as well as supporting good chain-of-custody procedures.
The PEER researchers developed the curriculum and related manual for this training, which will be
used as a guidebook for trainees and is now part of the key reference documents in the Kenyan
National Elephant Action Plan.

During the project period, the Kenya Wildlife Service procured a new 3500XL genetic sequencer and
trained staff to use this unit for forensic analysis of elephant and other wildlife genomic material. This
new equipment will help to generate court-admissible forensic reports to prosecute wildlife offenders.
They also installed relevant equipment required for extraction of DNA from ivory, allowing the forensic
and genetics laboratory to undertake analyses that in the past were done only at the University of
Washington.

Six scientists from the PEER team visited the U.S. Fish and Wildlife Service forensic laboratory in
Oregon for training on morphological identification of ivory, crime scene management, and DNA
laboratory operations. The researchers also visited the Uganda Wildlife Authority to present their work
and conduct reconnaissance of key elephant areas in the country and to discuss plans for sampling of
elephant fecal samples for genetic analysis. To enhance adoption and use of DNA evidence in wildlife
crime litigation, team members held workshops with prosecutors and magistrates. During the PEER
project period, team members received three additional grants for a total of $150,000 to continue
their work.
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KENYA - PROJECT 4-365: DNA BARCODING TO COMBAT WILDLIFE CRIME
Pl: Henry Ndithia, National Museums of Kenya

U.S. Partner: David Schindel, Smithsonian Institution

Dates: October 2015 — December 2019

PROJECT OVERVIEW

Wildlife criminals, poachers, and traffickers of endangered species protected under CITES and national
laws are developing new ways to avoid detection and prosecution. In the case of protected animals,
traffickers are shipping them as butchered and processed meat, eggs or juvenile stages, dried
powders, and other forms that have proven difficult to identify. In these forms, even taxonomic
experts cannot provide species identifications based on morphology because diagnostic characteristics
(commonly provided by bones and hides) are absent from confiscated material. As a result, border
inspectors, police, and park rangers may not suspect that intercepted objects come from protected
species. Even in cases where suspicions are aroused and the materials are confiscated, crime
investigators can’t identify them with confidence. The same may prove true even for the expert
zoologists who receive the objects for identification. In those rare cases when an expert provides an
identification using the few morphological features preserved, it is difficult to overcome the objections
of defense attorneys who raise doubts in the minds of magistrates.

This project used DNA barcode sequence data to identify confiscated materials by their species of
origin. DNA barcoding has become an accepted and commonly used method for species identification
practiced by taxonomists, ecologists and other academic researchers.

The two main objectives of the project were to expand training and technical assistance to new
participants in Tanzania, as well as strengthen Kenya’s systemic response to poaching in two ways.
First, DNA-based research on endangered species through the National Museums of Kenya will create
new tools for prosecuting wildlife criminals. Second, collaboration with the Kenya Wildlife Service will
put these tools to work in Kenyan courtrooms. The result should be a rapid near-term rise in the rate
of convictions for poaching and trafficking, followed by long-term growth in the population sizes of
endangered species and measures of ecosystem health.

FINAL SUMMARY OF PROJECT ACTIVITIES

Building on the predecessor project, the PEER project team identified gaps in wildlife species that are
poached, illegally-traded or are trafficked, from the initial 200 species identified by the Barcode of
Wildlife Project Kenya (BWPK). The team visited different parts of Kenya and collected tissue samples
(either voucher or e-voucher depending on whether an animal species is allowed to be collected in the
wild) from five individuals of each species where possible. A total of 225 samples were worked on
(Mammals 49 (17), Birds 76 (26), Fish and Marine Samples 59 (17), Herpetofauna 40 (14) (individuals
and species in brackets)). This information was entered in a database called the Field Information
Management System (FIMS). Voucher specimens were later catalogued and stored in the collection
for reference. In the laboratory, the tissues were entered into the Laboratory Information
Management System (LIMS) database. Thereafter, tissues samples were analyzed in the lab by going
through the process of DNA extraction, DNA amplification, DNA sequencing and purification and
eventual publication in GenBank. In total, 161 barcodes were uploaded in GenBank. 290 tissues that



had been collected were sub-sampled into barcoded tubes for archival storage. DNA was then
extracted and sub-sampled into barcoded tubes as well for archival storage. 260 genomic DNA
samples were amplified targeting the Cytochrome c oxidase subunit 1 gene. 201 amplicons have been
purified and submitted for sequencing. The data was transferred from the Amazon servers to the
National Museums of Kenya (NMK) servers. The team now accesses the database locally and is
validating the field metadata on the Biscicol website (http://www.biscicol.org/).

Additionally, the capacity of the molecular genetics lab was improved through renovation that
provided the lab with a facelift from the deteriorating state it was in, replacing obsolete equipment
with state of the art equipment. This center will not only serve Kenya but the region. In addition, the
project built the capacity in Tanzania by initiating the DNA barcode process there through the training
of 12 new participants on DNA barcoding. The project also trained one PhD student in Kenya, who is
studying interspecific hybridization in lovebirds.

Dr. Ndithia's future plans include raising funds that can finalize the process of initiating DNA barcode
in Tanzania and establish a DNA library in Tanzania. The process in Tanzania faced numerous
challenges that made it difficult to have the trained participant to sit for the proficiency test that
gualifies one to be a DNA analyst. Additionally, besides the need to develop a DNA library in Tanzania,
there is need to establish a museums collection for voucher specimen in Tanzania, and to conduct
training on standard operating procedures (SOPs) a step that is important in the DNA library
construction process.


http://www.biscicol.org/

KENYA - PROJECT 4-342: USE OF DNA TECHNOLOGY IN COMBATING ILLEGAL TRADE
AND PROMOTING CONSERVATION AND SUSTAINABLE USE OF PLANTS IN KENYA AND
TANZANIA

Pl: Beatrice Khayota, National Museums of Kenya

U.S. Partner: David Schindel, Smithsonian Institution

Dates: October 2015 — April 2020

PROJECT OVERVIEW

This project created and utilized two knowledge sources to inform policies, programs, and activities.
The first was a new knowledge base on the legal and illegal markets for plants in Kenya and Tanzania.
By compiling official records, new market surveys, and genetic analyses of plants sold domestically and
trafficked across borders, the project sought to provide a clearer picture of plant use and overuse. This
knowledge base aimed to help enforcement agencies improve efforts to stop poaching and illegal
trafficking, identify areas of illegal harvesting, pinpoint potential markets for legally cultivated plants,
and create sustainable community-based strategies to restore and protect ecosystem services.

The second knowledge source was a public reference library of DNA barcodes—short DNA sequences
that help enforcement officials identify plants difficult to classify by traditional methods. This
component built on the Barcode of Wildlife Project, led by the Smithsonian and funded by Google,
with Kenya as a partner country.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project demonstrated the effective use of DNA technology in combating wildlife crime, enhancing
regional capacity, both in Kenya and Tanzania, in its application. It improved understanding of DNA
barcoding processes crucial for enforcement, including formulation, data generation, and
interpretation, and is now being used to prosecute traffickers in courts. DNA barcoding technology
alsofacilitated improved labeling, traceability, and legal trade of authentic wildlife products, alongside
enhanced MEAS reporting. Data generated from the project will be uploaded to GenBank for use in
wildlife prosecution efforts.

The project also advanced understanding in formulating legislation and policies for effective wildlife
trade enforcement. It developed a comprehensive training curriculum, serving as a crucial resource for
ongoing capacity building initiatives in the region for stakeholders, including wildlife senior managers,
legal officers, and prosecutors on the importance of DNA technology in wildlife crime prevention. A
ten-day DNA barcoding training was conducted in Eastern and Southern Africa for ten middle-level
officers from government institutions in Kenya, Uganda, and Madagascar. In Tanzania, efforts are
underway to amend wildlife legislation to incorporate processes related to non-human DNA.
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KENYA - PROJECT 4-192: END OF THE ROAD FOR ILLEGAL BUSHMEAT TRADE IN EAST
AFRICA: ESTABLISHING TRANSBOUNDARY SURVEILLANCE BY HIGH RESOLUTION
MELTING ANALYSIS OF VERTEBRATE MOLECULAR BARCODES

Pl: Jandouwe Villinger (Original PI: Lilian Wambua), International Center for Insect
Physiology and Ecology

U.S. Partner: Scott Miller, Smithsonian Institution

Dates: October 2015 — March 2022

PROJECT OVERVIEW

Illegal bushmeat trade is a global impediment to biodiversity conservation and public health. In Kenya
and Tanzania, bushmeat trade has escalated to unsustainable levels, presenting a major threat to East
African wildlife populations. Bushmeat trade and consumption expose humans and livestock to
diseases such as Ebola and retroviruses, and bushmeat hunters risk contracting diseases from ticks
and tsetse flies. Prosecution of bushmeat trade perpetrators in East Africa requires forensic evidence
based on cytochrome oxidase | (COI) DNA-barcode sequencing, which is costly and time-consuming.
There is a need for rapid, cost-effective forensic tools to screen for wildlife DNA in meat samples to
support surveillance of bushmeat trade and improve law enforcement against perpetrators.

Effective prosecution against illegal bushmeat trade in Kenya and Tanzania is hampered by lack of
cheap scientific methods and trained personnel to undertake high-throughput screening of suspect
samples. This project developed cost-effective high resolution melting analysis (HRMA)-based
bushmeat identification and built the capacity for its implementation by wildlife agencies in Kenya and
Tanzania. The protocols were anticipated to enhance transboundary surveillance systems by
accelerating identification of wildlife barcodes in samples, which can then be sequenced to provide
forensic proof for prosecution. Adoption of this method by the wildlife agencies were expected to
generate crucial data on the extent of illegal bushmeat trade in the region, thereby providing a basis
for review and harmonization of national and cross-border policies, laws and penalties against illegal
bushmeat trade.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project, which ran for 6.5 years thanks to supplemental PEER funding, resulted in the
development of a cost-effective tool based on PCR-HRM analysis for surveillance and preliminary
identification of bushmeat in eastern Africa. This tool holds promise as a companion diagnostic assay if
integrated into forensic pipelines, as an initial screening test for bushmeat to eliminate samples of
domestic origin, and for the identification of wildlife, which can then be fully barcoded to generate
prosecution evidence. This approach was already tested in identifying illegal bushmeat samples from
covert surveillance exercises, and in Kenya, the Pl and his team were able to demonstrate a 91% cost
reduction by using PCR-HRM analysis in a test in which out of >90 suspect specimens, only one meat
sample was identified as giraffe (Ouso et al., 2020).

As a result of the PEER project, the team at icipe are expanding the use of HRMA to identify livestock
meat-species substitution in the meat-value chain and using HRMA to differentiate meat-species
sources from a wide range of processed meat samples (Njaramba et al., 2021). These additional



studies have further conservation and consumer protection applications. The project has validated this
novel approach as a useful tool to reduce the cost and speed up identification of illegally traded
wildlife products. The PEER-funded transfer of the technology to Tanzania, coupled with technical
capacity building provided by the Pl and his team, has created a platform for Kenya and Tanzania to
engage in and intensify transboundary initiatives to curb illegal wildlife trafficking in the region. Dr.
Villinger anticipates that continued use of PCR-HRM analysis in Kenya and Tanzania and its further
adoption in Uganda, where counterparts also received training and technology transfer, will facilitate
close cooperation among wildlife forensics laboratories in East Africa and will enhance regional
forensics capabilities and sustainability of the outputs beyond the project lifecycle. This will potentially
generate crucial data on the extent of illegal bushmeat trade in East Africa, leading to identification of
hotspots to target anti-poaching and anti-trafficking measures. Additionally the techniques developed
in the project are leading to better understanding of arthropod disease vector blood feeding habits
and highlighting the possibility of vector-borne disease transmission between wildlife, livestock, and
humans (Musa et al., 2020; Oundo et al. 2020; Makhulu et al., 2021).

The PCR-HRMA technology and protocols that have been developed through this research have been
adopted by government partners in Kenya and Tanzania for surveillance of bushmeat and screening of
suspect specimen and as of July 2022 will reportedly soon also be adopted in Uganda. The users have
reported cost reduction and speed as advantages of this technology, although formal adoption of PCR-
HRM analysis in the forensic pipeline will require further validation and accreditation. In Tanzania,
HRMA has also been used to contrast reported bushmeat sales with species-identifications (Ibrahim et
al. in prep). The Bushmeat Surveillance in East Africa workshop (May 29-31, 2019), which was funded
through this PEER award, has resulted in the beginning of a new network of African scientists involved
in wildlife forensics research, which the participants hope, beginning with forensic scientists in Kenya,
Tanzania, Uganda, and Zambia, will improve intra-continental cooperation and communication in
wildlife forensics.

In terms of capacity building among the project team, eight postgraduate students (Daniel Obado
Ouso, Ali Musa, Joseph Oundo, Edward Makhulu, Philip King'a, and Jane Njaramba in Kenya, and
Shadia lbrahim Kilwanila and Rehema M. Makoy in Tanzania) were attached to the project for their
MSc studies. They have been involved in field sampling as well as application of PCR and HRMA in their
individual projects. Additionally, the PEER project offered placements and short-term training to 13
undergraduate students, of which four were hosted in icipe, Kenya, and nine at Sokoine University of
Agriculture Tanzania.

Although the PEER project has been successfully completed, the Pl reports that research is ongoing
using the techniques for arthropod bloodmeal-host identification at icipe, supported by a new EU
Horizons 2020 grant, which will run from September 2021 through August 2025. His institute will
receive approximately 559,000 euros out of the entire 6 million euros supporting the consortium of
researchers involved. In addition, research on the bushmeat trade is ongoing at the partner
organizations involved in the project (Kenya Wildlife Service, Tanzania Wildlife Research Institute, and
Uganda Wildlife Authority) based on national priorities.
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KENYA, ETHIOPIA, AND TANZANIA - PROJECT 3-233: GEOPOWER AFRICA

Pl: Nicholas Mariita, Dedan Kimathi University of Technology, Kenya, With Co-Pls Jacques
Varet, Dedan Kimathi University of Technology (Dekut); Tesfaye Kidane Birke, Addis
Ababa University; and Gabriel Mbogoni, Geological Survey of Tanzania

U.S. Partner: Cynthia Ebinger, University of Rochester (Funded by the National Science
Foundation)

Dates: September 2014 — November 2017

PROJECT OVERVIEW

Satellite and ground-based studies of the East African Rift (EAR) in Kenya reveal active magmatic and
fluid movement beneath 40% of the volcanoes. Similar results are emerging from studies in Ethiopia
and Tanzania. This project had two aims: mapping small geothermal areas and identifying new forms
of geothermal exploitation along the EAR. These sites, using medium to low enthalpy resources (70-
150°C), combined power and heat applications, including powering groundwater pumps. The project's
results will also inform volcanic and earthquake hazard mitigation programs in Ethiopia, Kenya, and
Tanzania.

The project required an interdisciplinary approach, including geology, hydrogeology, fluid
geochemistry, shallow crustal geophysics, and power engineering. It surveyed geothermal fields along
the EAR (Afar through Kenya to Rungwe Province, Tanzania) using existing and newly emerging data
from past geothermal exploration and two active NSF projects—CRAFTI and SEGMENTS. The team
sought to build a strong regional framework for scientific and technological exchange while
empowering and educating local communities, especially in pastoralist regions. Their training and
research exchange program engaged researchers from Africa, the United States, and Europe, aiming to
determine the necessary conditions and training for deploying these applications in test sites in
Ethiopia, Kenya, and Tanzania.

FINAL SUMMARY OF PROJECT ACTIVITIES

Over the course of the project, the GeoPower Africa team investigated and mapped the geothermal
sites as planned and identified new forms of applicable economic activities that could be introduced to
utilize the geothermal resources along the Rift Valley. The project employed an interdisciplinary
approach, including using data from geology, volcanology, hydrogeology, fluid geochemistry, and
geophysics to carry out the research. A sizable number of sites were visited by the team in the three
countries, employing a systematic socioeconomic approach through community interviews, as well as
observing the environment and economic activities of the communities around the geothermal sites.
Results from the GeoPower Africa efforts indicate that numerous geothermal sites visited can support
small units combining power generation and heat applications. Direct heat applications include
greenhousing, food drying, food preservation, thermal bathing, and green tourism. These activities are
expected to eventually contribute to improving socioeconomic life for the communities around the
sites.

The GeoPower Africa project also demonstrated that similar initiatives can be successfully replicated



on a large scale along the East African Rift Valley system and that there are numerous suitable sites
that have the required conditions for immediate development. The socioeconomic conditions of the
areas visited and feedback on needs of the local communities surrounding these sites indicate a lack of
adequate modern energy and clean water supplies, a situation that can, at least partially, be remedied
by geothermal exploitation. The outreach programs carried out by the team also enabled the
formation of linkages between the local communities around the geothermal sites, the GeoPower
Africa team, and local institutions. The government and non-governmental agencies contacted were
very supportive of the project and regarded the efforts as being supplementary to government energy
programs. The concerned communities are now aware of the potential use of their geothermal
resources and how they can collaborate with investors.
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KENYA - PROJECT 3-210: DEVELOPMENT AND IMPLEMENTATION OF A SOLAR PV
OUTREACH TRAINING MODULE FOR CAPACITY BUILDING IN EAST AFRICA

Pl: Izael Da Silva, Strathmore University

U.S. Partner: Benjamin L. Ruddell, Arizona State University (Funded by the National
Science Foundation)

Dates: September 2014 — December 2016

PROJECT OVERVIEW

Although the Kenyan solar photovoltaic (PV) market is often seen as successful, poor quality service
has hindered its growth. Studies have shown many poorly designed and installed solar PV systems. In
December 2012, the Energy Regulatory Commission (ERC) published the "Energy Solar Photovoltaic
System Regulation 2012." These regulations are crucial due to the market size ($6-8 million annually,
growing at about 10%). There are about 800-1,000 solar PV technicians in Kenya, most without formal
training or certification. The regulations aim to improve service delivery by requiring only licensed
technicians to design and install solar PV systems, and to be licensed, technicians must complete a
solar training course. A 2012 JICA-funded survey revealed that only 50% of 41 higher education
institutions offered solar PV courses, and only 16% of 368 teaching staff had prior training in solar PV
technology. Additionally, 52% of the institutes lacked adequate training materials, 60% lacked
appropriate hands-on training equipment, and 20% had none. This PEER project aimed to develop and
implement a solar PV training and outreach program, including training, testing, and certification
services across the country. The goal was to train 100 trainers and 1,000 technicians to certification
level T2 within 36 months, with mobile labs fitted with hands-on training equipment and materials.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Da Silva’s Power Africa-funded project ended on December 31, 2016. Its goal was to develop and
implement a solar photovoltaic (PV) outreach training module for capacity building in East Africa. With
PEER funds, the Strathmore Energy Research Center (SERC) at Strathmore University (SU) aimed to
support the energy sector by strengthening solar PV training in Kenya. This involved providing training
equipment, materials, and capacity building for solar PV trainers to enable practical and high-quality
instruction at technical training institutions (TTIs). The project successfully achieved its main
objectives, including supporting the Government of Kenya’s programs to increase access to renewable
energy, particularly in rural and marginalized areas.

The project activities began with a launch at SU to raise public awareness. Dr. Da Silva and his team
initiated collaboration with the German Development Cooperation (GIZ EnDev) and signed
Memoranda of Understanding with various TTls to ensure commitment. SU designed a Mobile Training
Toolkit for hands-on training at the TTls, which was locally made to ensure sustainability. The SU-
developed toolkit, along with the Vocational Training and Education for Clean Energy (VOCTEC) toolkit
from Arizona State University (ASU), proved to be effective and cost-efficient for training purposes.
Additional training kits were provided to each TTI with support from GIZ EnDev.

Train-the-trainers sessions were conducted at the SU training laboratory, with 50 technicians from 25
institutions being trained, and 20 of them subsequently receiving their licenses. Follow-up workshops



and field visits helped TTls understand accreditation requirements. The feedback from these sessions
was used to review and improve the training curriculum.

Special solar PV training courses were organized to build the capacity of female technicians,
empowering them to educate others, develop entrepreneurship skills, and become ambassadors for
the solar PV program. A total of 60 women were trained in three sessions led by female trainers. This
led to the formation of Women in Sustainable Energy and Entrepreneurship (WISEE), which has since
conducted additional training, completed consultancy assignments, and secured contracts for solar
installations.

To avoid duplication and identify synergies, Dr. Da Silva and his team engaged relevant public and
private sector stakeholders in the training activities. The PEER project attracted the attention of
decision-makers, policy makers, and other key stakeholders, including the Energy Regulatory
Commission, National Industrial Training Authority, Ministry of Energy, Ministry of Education, GIZ
EnDev, and others. Activities promoting inclusion and engagement led to support from GIZ and the
Ministry of Energy in Kenya.

In summary, Dr. Da Silva's PEER project contributed significantly to the Power Africa initiative by
expanding off-grid solutions and facilitating Kenya’s Vision 2030. The project built the human and
training infrastructure capacity of Strathmore University in solar PV, leading to the training and
certification of at least 50 trainers and 1120 technicians at level T2. This created a qualified pool of
solar PV professionals skilled in design, installation, commissioning, and maintenance. Additionally, the
project enhanced the role of women in the solar industry, helping to improve gender balance. Overall,
the project increased access to modern and renewable energy in rural and peri-urban areas of Kenya
through quality solar home systems.



KENYA - PROJECT 3-154: MWANGAZA PROJECT ON SCIENCE, TECHNOLOGY,
ENGINEERING, AND MATHEMATICS AND COMPUTING EDUCATION FOR STUDENTS
IN KENYA WITH VISION LOSS

Pl: Marguerite Miheso O’Connor, Kenyatta University

U.S. Partner: Bruce N. Walker, Georgia Institute Of Technology (Funded by the
National Science Foundation)

Dates: September 2014 — September 2016

PROJECT OVERVIEW

Every day we are bombarded with numbers and values, often presented via charts and graphs. For
people with vision loss, accessing this data can be difficult or impossible, making education and
employment in STEM fields particularly challenging. Prof. Bruce Walker’s Sonification Lab at Georgia
Tech had been working for over ten years to make data more accessible to blind students and
workers, focusing on auditory graphs and developing software tools for multimodal data displays in
classrooms. Dr. Walker was conducting a field study at the Georgia Academy for the Blind, deploying
and studying Sonification Lab software and methods in middle-school math classes.

The Sonification Lab partnered with the U.S./Kenyan non-profit inABLE to equip computer labs at
schools for the blind in Kenya and train teachers and students in computer skills. With PEER grant
support, Kenyatta University faculty joined as local research partners to conduct focus groups,
stakeholder meetings, baseline surveys, fieldwork, and iterative evaluations. This partnership allowed
for wide-scale research and a significant impact on education by deploying computers, training, and
STEM teaching tools across an entire school system in Kenya. Additional partners include Safaricom,
Microsoft, and Uwezo.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project, which ended August 31, 2016, was a shared effort involving the Sonification Lab at the
Georgia Institute of Technology (Georgia Tech) in Atlanta, Kenyatta University (KU), and inABLE, a non-
profit organization based in Nairobi, Kenya. STEM education for blind and low-vision students
worldwide, including in Kenya, has been held hostage to a combination of fear, doubt, and lack of
knowledge, teacher training skills, and resources. These views over time have become institutionalized
in education systems. This in turn has had significant impacts on the lives and career choices of blind
and low-vision persons, as evidenced by their minimal participation in these courses, particularly at
the university level. This PEER project aimed to make positive strides towards changing that situation.
Dr. O’Connor and her project team report that their results are just the beginning. There remains so
much more to do, once they move forward from the solid foundations of research and evidence-based
design laid thus far.

The two-phase project completed by the research team included: (1) a nationwide survey of the
interests, needs, skills, and opinions of blind students and their teachers regarding information and
communications technology; and (2) initial development, deployment, and evaluation of some novel
assistive technologies that offer potential new approaches to STEM education for students with vision
loss. The visually impaired cohort of learners are spread in 11 schools of the more 9,000 schools in
Kenya. However, very little data on this group of learners is available. The team's baseline survey for



both teachers and students was the first of its kind. It now provides a database for future research and
decision making by other stakeholders.

This project is timely, as Kenya is preparing to roll out digital education in all primary and secondary
schools in the country. The information gathered on the status of learners and their affinity to
technology was very critical and informed the Ministry of Education of the possibilities students with
vision loss can have. It is in these schools where one also finds blind teachers. An extended research
component carried out by the team regarding teachers in these schools provided important
information on the readiness of teachers to use technology. In addition to the questionnaire, the PEER
team also held a focus group discussion with the teachers. The researchers also gathered data at the
university that enrolls students with vision loss. These learners provided great feedback on the
usability and accessibility of the project initiative.

The project also created an accessible weather app and other accessible websites that provided
students with vision loss experiences in analytic cognition that can be used in the STEM discourse. In
addition, when the students get used to technology, they are able to make sense of mathematical
concepts when taught. Once teachers get sufficient exposure to the experiences in which their
students are engaged, they can restructure their lessons to incorporate the results of weather reading
in their lessons to compute and make sense of STEM concepts.

The Mwangaza Project represents a blend of education research, technology, training, and
accessibility, rolled together with the deployment of both computer labs and training, and with the
support of major research universities, corporations, and the government’s education department.
This effort is intended to be a truly transformative project, on an international scale. The project
addressed individual needs for learners with vision loss while at the same time increasing learning
opportunities in STEM education. The large data set they collected is instructive in and of itself, in
relation to the needs and preferences of this educational cohort in Kenya. There are many additional
analyses that could be conducted, and research questions addressed, using the current data set. More
importantly, the data serves as a baseline against which to evaluate any future programs, in terms of
program goals and effectiveness. The project team is already seeing evidence that computer skills
training (i.e., at Thika) is having an important impact not only on skills and computer confidence but
also in terms of the psychosocial well-being of the students who have received training. The teachers
have made it clear how much they also value computing skills, but additionally expressed their
opinions regarding training, support, and careful deployment. Deploying software tools that already
exist, and developing (and evaluating) new software tools to supplement, is the next stepin leveraging
technology. The Pl and her team look forward to continuing the process of deploying such tools and
working closely with teachers (and education officials in the Kenyan government) to develop teaching
modules and strategies to make effective use of the tools in their classes.



KENYA - PROJECT 2-447: CAPACITY BUILDING IN FISH BIODIVERSITY DISCOVERY IN
KENYA

Pl: Dorothy Wanja Nyingi, National Museums of Kenya

U.S. Partner: Henry Bart Jr., Tulane University (Funded by the National Science
Foundation)

Dates: August 2013 — January 2016

PROJECT OVERVIEW

The ichthyology section is the youngest of all the research collection departments at the National
Museums of Kenya (NMK). Founded in 1997, the section holds the largest collection of fishes within
East and Central Africa. Despite its potential, however, it has suffered from the lack of adequate
funding and human capacity. Previous collaboration with Tulane University with funding from the
National Science Foundation supported field collections, morphological and genetic analyses, and
capacity building of local researchers. However, many gaps remained in field expeditions, specimen
curation, data analyses, publication, and dissemination.

The main goal of the PEER project was to support the NMK research team and Kenyan researchers at
large in their work on fish species discovery and creation of identification keys. The project involved
field excursions to rivers, particularly the mid and lower basins of the Tana and Athi rivers and rivers in
northern parts of Kenya. The project also included support for proper curation of fishes at the
ichthyology section of NMK, training in phylogenetic analyses, and support for undergraduate and
postgraduate student participants.

FINAL SUMMARY OF PROJECT ACTIVITIES

As part of the project, Kenyan scientists and students received additional training in various
components of biodiversity research, specifically taxonomic revisions and new species descriptions,
and molecular phylogenetic analyses on DNA sequence data. This allowed unfinished fish taxonomic
work to be completed, greatly increasing knowledge of the Kenyan freshwater fish fauna. Researchers
sought to impart this knowledge to local indigenous people to increase their desire to protect fish
species and their riverine habitats.

The team also sought to improve the state of specimen preservation at NMK through the purchase of
supplies for the ichthyological collections. They also added Web-based dissemination of data from the
collection. Dr. Nyingi and her colleagues published two papers on their findings, as well as one book
chapter co-authored by the PIl. The team participated in the Pathways Kenya 2016 International
Conference: Integrating Human Dimensions into Fisheries and Wildlife. The Pl organized a special
session at the conference about conflicts between humans and wildlife in water dependent
ecosystems of arid and semi-arid areas, where most of the presentations involved work supported by
PEER funding.

The team received a new grant of approximately 24000 euros to study the impact of dams on Kenyan
wetlands, funded by the Kenya National Commission for Science, Technology and Innovation and the
French Embassy in Kenya. The Pl was also awarded the Palmes Académiques for exceptional scientific
and educational merit by the French ambassador to Kenya.



The project supported two female undergraduate students during internships at the Ichthyology
Section under the Kenya Wetlands Biodiversity Research Team, as well as two graduate students for
joint projects on freshwater fish diversity work in Lake Turkana.
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KENYA - PROJECT 2-349: DERAILING WITCHWEED (STRIGA) VIRULENCE IN RICETO
ACHIEVE DURABLE AND BROAD-SPECTRUM RESISTANCE

Pl: Steven Runo, Kenyatta University

U.S. Partner: Mike P. Timko, University of Virginia (Funded by the National Science
Foundation

Dates: August 2013 — July 2016

PROJECT OVERVIEW

Striga spp. are parasitic plants notoriously difficult to control due to the poorly understood biological
processes underpinning host-parasite compatibility. Striga affects plant growth quickly after attaching
to host roots, stunting crop plants within 2-4 days. Control measures need to act before or very shortly
after attachment. Recent findings suggest Striga produces virulence factors (effectors) that help it
subdue host defenses. The long-term goal of this project is to identify mechanisms controlling the
release of these virulence factors to develop breeding strategies for durable resistance to Striga.

The project's specific aims were to assess mutations or polymorphisms in Striga effectors and their
effects on plant cells, identifying various Striga races for effector genes and their role in virulence. This
understanding is crucial for developing resistant cultivars through gene pyramiding. The results could
significantly impact agricultural productivity in regions affected by Striga, including Africa, where crops
like rice, corn, millet, and sorghum are majorly impacted.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project ended in September 2016 before receiving a supplement in 2017 to disseminate the
results further. Below are the main highlights of the research.

Novel Sources of Striga Resistance from Wild Sorghum Accessions Identified: The team sought to
determine to what extent wild sorghum are resistant to Striga. The screening strategy involved
controlled laboratory assays on rhizotrons — where they artificially infected sorghum with Striga — as
well as field experimentsin three sites where they grew sorghum under natural Striga infestation. They
tested the resistance response of 7 accessions of wild sorghum of Aethiopicum, Drummondii and
Arundinaceum races against N13, a cultivated Striga resistant landrace. From the laboratory
experiments, they found three wild sorghum accessions (WSA-1, WSE-1, and WSA-2) that had
significantly higher resistance than N13. These accessions had the lowest Striga biomass, fewest and
smallest Striga attached to them. Further microscopic and histological analysis of attached Striga
haustorium showed that wild sorghum accessions either hindered ingression of Striga haustorium into
the host cortex or induced intense hypersensitive reaction (HR) at the infection site, a hallmark of
systemic acquired resistance (SAR). Field experiments affirmed the laboratory screening experiments
where these same accessions were found to have resistance against Striga. In the field, the wild
sorghum had low Area under Striga Number Progressive curve (AUSNPC) — which measures
emergence of Striga from a host over time. They concluded that wild sorghum accessions are an
important reservoir for Striga resistance that could be used to expand the genetic basis of cultivated
genotypes for resistance to the parasite.



Strigolacton Profile of Wile and Cultivated Sorghum Determined: There is yet another important
aspect of Striga resistance, germination stimulant (strigolactone) production, which provides a level of
resistance on host crops due to decreased strigolactone (signaling molecules produced by

plants) production results in lower frequency of Striga germination. The study sought to determine SL
production in wild sorghum accessions as these have been found to be tolerant to Striga infestation.
The study further determined the relationship between SL production and tillering in wild sorghum
accessions. Experiments involved collection of root exudates from sorghum and using them to induce
Striga germination. Liquid chromatography-tandem mass spectrometry was used to determine the
type and amount of SL in wild sorghum root exudates. Results showed that: i) the most abundant SL in
wild sorghum was 5-deoxystrigol, ii) wild sorghum contained low levels of SL compared to their
cultivated counterparts, 5-deoxystrigol has been reported earlier as stable strigolactone molecule
making plants producing it more susceptible to Striga and this could explain why the wild cultivars
though producing very low amounts of 5-deoxytrigol were able to induce germination iii) there is an
inverse relationship between strigolactone concentration and tillering and a positive relationship
between the Strigolactone concentration and Striga germination stimulation. All sorghum genotypes
were able to induce Striga germination even in genotypes that produced least amounts of 5-
deoxtrigol. These genotypes could provide more insights in developing sorghum lines that are resistant
to Striga weed.

Striga Sorghum Arms Race as Revealed by Dual RNA Sequencing: The team then carried out dual RNA
sequencing (both host and parasite tissue) of wild and cultivated sorghum and their parasites, using
Illumina Hiseq. RNA sequencing data was used to determine genes in wild sorghum that are
differentially expressed at early and late S. hermonthica infection and compared their profile to those
of cultivated sorghum. In addition, they compared the profile of differentially expressed genes
between S. hermonthica infecting wild and cultivated sorghum. Finally, the team also compared the
profile of differentially expressed genes between S hermonthica and S. asiatica in cultivated sorghum.
They found that more genes were differentially expressed in wild sorghum upon Striga infection and
that more Striga genes were differentially expressed when the infection was on wild sorghum. These
findings suggest that wild sorghum has more genetic diversity to cope with Striga and that more genes
in Striga are required to overcome resistance from the host. RNA sequencing data further led them to
identify a set of candidate Striga resistance genes from wild sorghum as well as a rapporteur of
molecules (effectors) that may be aiding Striga to overcome the innate immunity of its hosts

Through this PEER project, three students were trained at Master of Science level. Two of these have
submitted their thesis for examination. Also, due to the role of women in agricultural value chains and
well documented evidence of technology uptake when women are involved, the project specifically
trained two women
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KENYA - PROJECT 2-335: UNLOCKING AGRICULTURAL POTENTIAL IN DRYLANDS:
ENHANCING EFFICIENT UTILIZATION OF SOIL MOISTURE FOR IMPROVED
SMALLHOLDER FARM PRODUCTIVITY IN ASALS OF KENYA

Pl: Mary Baaru, Kenyatta University

U.S. Partner: Ethan Allen, Pacific Resources for Education and Learning (Funded by the
National Science Foundation)

Dates: August 2013 — January 2023 (including supplement)

PROJECT OVERVIEW

The amount of land devoted to agriculture has decreased due to rising population and growing
demands for land resources, leading to increased exploitation of drylands. In this context, dryland
resource utilization can no longer proceed on a "business as usual" basis. This PEER project aimed to
address water scarcity, deforestation, insufficient extension services, and lack of appropriate cropping
systems in Kenya. Alongside its research components, the project included capacity-building activities
for farmers in drylands. Farmers were trained in soil and water conservation measures and provided
with kits to implement these measures, first on their own farms and then on non-member farms.

FINAL SUMMARY OF PROJECT ACTIVITIES

Trainings were conducted on farms selected in a participatory manner where extension officers,
administration staff, and farmer groups were involved in selecting the most appropriate farm as a
demonstration site. Field activities were carried out on these plots, including included land
preparation, weeding, soil sampling, crop data collection, and harvesting. This was done for three
short and two long rainy seasons. Training of farmers was carried out to highlight the importance of
water use efficiency, soil and water conservation and environmental degradation. About 45 farmers
were well trained to be able to pass same knowledge to their fellow farmers.

The Pl and her team worked with government agencies, mainly the Ministry of Agriculture, who are
well versed with the area, and farmers and provided linkages between the research team and farmers.
It was important to collaborate with both government agencies and community groups as they could
up scale the technology to other farmers. A survey was carried to find out community awareness on
causes and impacts of soil erosion and a study to understand erosion hotspots was also carried out.
Out of this work a master’s thesis was developed and the student graduated in September 2015.

In summary, results from the demonstration plots set up at the start of the project indicate that this
technology could be an appropriate alternative to conserve and store water for increased production
especially by the poor farmers who may not afford the expensive technologies. It is also possible that
the adoption rate of the same practice was an improvement of what they already are doing, meaning
the livelihoods of the communities could be enhanced. The results also indicate the need for capacity
building in the community on soil erosion management. The survey indicated that most farmers did
not understand what it was, the causes and how it canbe prevented. This gave the extension agents a
niche from where to start. They are using this technology as one of the simple alternatives in water
conserving that can be embraced by farmers to increase crop yield. Kenyatta University is now
developing a PhD program based on the PEER research achievements.



KENYA - PROJECT 2-219: STRENGTHENING INSTITUTIONAL CAPACITY FOR
PARTICIPATORY ACTION RESEARCH IN SUSTAINABLE AQUACULTURE

Pl: Joyce Gichiku Maina, University of Nairobi

U.S. Partner: Irene Kimaru, St. John Fisher College (Funded by the National Science
Foundation)

Dates: August 2013 — April 2017

PROJECT OVERVIEW

The overall objective of this project was to use the Action Research paradigm to develop, validate and
disseminate new technologies to enhance development and sustainability of a vibrant fish farming
sector in in Kenya. Four main objectives were involved. The first was to build capacity for Participatory
Action Research among the selected graduate students and teaching staff in the Faculty of Agriculture
at the University of Nairobi and other participating institutions. Some of the students and staff were
subsequently used in carrying out research in fish farming in Kenya. The second objective was to do a
baseline survey to establish the main socioeconomic, gender, and technological factors that influence
fish farming. This was done using a semi-structured questionnaire targeting the main actors in the
farmed fish value chain. The third objective was to develop and validate models for integrating fish
farming into crop and livestock farming. In this component of the project, models for efficient use of
water for crop irrigation and rice farming and use of livestock manures as fertilizers for fish ponds were
evaluated. The fourth objective involved evaluating the environmental effects of fish farming on the
water systems. This part of the research was done in collaboration with the U.S. partner, leveraging
her expertise in environmental chemistry.

FINAL SUMMARY OF PROJECT ACTIVITIES

This PEER project covered various aspects of the farmed fish value chain during the three years,
resulting in interesting findings and ongoing discussions with stakeholders. The study on profitability of
fish farming showed that farmed fish had very short value chains and because of this, fish farmers
were also engaged in other enterprises. Fish farmers with three or more ponds consistently made
profits, with catfish being the most profitable cultured fish and black clay soil sites the best for fish
farming. The study recommended that the county promote large scale fish farming at sites with the
most potential and fish farming be integrated with other enterprises.

The presence of ecto and endo parasites in farmed fish in Nyeri and the prevalence among different
species and production methods was communicated to stakeholders. A group was formed consisting of
the University of Nairobi and other stakeholders in Nyeri to continue this discussion and discuss ways
of increasing fish productivity to feed into the new Wamagana Fish processing factory in Nyeri. Their
evaluation of feed resources in Nyeri led to Othaya feed millers improving fish feeds that are supplied
farmers. In their analyses, they found that some of the raw materials they were using were of low
nutritional quality, resulting in fish feed with low protein content. After working with the millers to
improve their feeds, the last sample they sent to the PI’s lab had doubled the protein levels. The
farmers used their data to improve the way they made their feeds and it is in the process of
certification by the Kenya Bureau of Standards.



Using molecular techniques, Dr. Maina reports there is very little variation among brood stock in some
of the hatcheries that supply fingerlings to farmers, as well as little variation among catfish in Lake
Naivasha. The team has planned presentations at the Aquaculture Round Table where they will discuss
this with policy makers. Their studies showed that the catfish found in that lake may have all come
from one pair, which was communicated to stakeholders, but have since been requested to conduct
additional studies and increase the number of sampling sites.

In Kibwezi, the Pl and her team conducted a study on the profitability of fish farming when compared
to other enterprises in the region. The student who did that work presented his findings and
recommendations to the Cabinet Secretary for Agriculture, Livestock and Fisheries and also to the
Principal Secretary in charge of State Department of Fisheries and the Blue Economy. He has been
nominated as a board member for the State Department of Fisheries and Blue Economy. In addition,
he has received grant from another project to train farmers in 7 Counties in Kenya.

In Migori, they found extremely high levels of mercury in fish and sediments collected in gold mining
and adjacent areas. The team aims to continue with this work and determine the extent of
environmental contamination with mercury and the effects on vulnerable populations.

Through this PEER project; capacity was built among researchers including graduate students and their
supervisors on participatory research. This capacity has also been built among researchers at the
Kenya marine and Fisheries Research Institute and the Kenya Agriculture and Livestock Research
Institution. More researchers are now using participatory methods in their research. The team
supported two PhD and four Master’s students.
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KENYA - PROJECT 2-135: HARNESSING GENOMICS OF EDIBLE AFRICAN SOLANACEAE
PLANTS FOR IMPROVED NUTRITIONAL AND FOOD SECURITY

PI: Willis Owino, Jomo Kenyatta University of Agriculture and Technology, with Co-PlI
Jane Ambuko, University of Nairobi

U.S. Partner: James Giovannoni, USDA/ARS, Boyce Thompson Institute for Plant
Research, Cornell University (Funded by the National Science Foundation)

Dates: August 2013 —January 2016

PROJECT OVERVIEW

Plant genetic diversity is the principal resource for crop improvement efforts. Africa maintains
thousands of wild crop relatives to be collected, studied, and documented to facilitate use in improved
crop varieties to meet the challenges of food security in the face of rising food demand. Abundant
genetic resources in the developed world for Solanaceae crops, including the tomato and the potato,
has provided a springboard for plant genomics to assist in the exploitation of underutilized crops and
enhance productivity, sustainability, and quality. In turn, developing world germplasm and scientific
resources have significant potential for impact on developed world agriculture. There is great
potential for both developed and developing countries to benefit from enhanced productivity

and sustainable resource utilization to promote greater nutritional security.

The primary goal of this project was to use existing Solanaceae genome resources and state-of-the-art
technologies in the Western world to characterize genetic diversity and nutrient/non-nutrient
metabolite compounds in Solanaceae crops of importance to smallholder farmers and consumers. The
project team aimed to provide a foundation of plant genomics useful for improvement of indigenous
African fruits and vegetables. The researchers engaged local breeders to identify Solanaceae
germplasm representing a spectrum of genetic diversity to be used in agronomic improvement
programs targeting sustainability, nutrition, and food security. The resulting resources sought to aid in
(1) variety identification, (2) assessment of genetic diversity, (3) development of genetic linkage maps,
(4) marker-assisted selection of yield and nutritional traits, and (5) linkage to fruit nutrient and
performance quality traits and postharvest loss relevant to local food security. Results obtained
through this project were also incorporated into the Solanaceae(SOL) Genomics Network Database,
the NSF-funded project of the U.S. partner, which constitutes one of the main meeting, data storage,
and data enabling resource for the Solanaceae community worldwide.

FINAL SUMMARY OF PROJECT ACTIVITIES
Following are the key accomplishments of the project::
1. Create a stable and accurate African Solanaceae germplasm resource

The team collected tomato and African eggplant accessions from various sources, including the Kenya
Gene Bank, farmers in the Eastern and Western provinces, and the World Vegetable Centre. They
established a germplasm collection at the Jomo Kenyatta University of Agriculture and Technology
(JKUAT) comprising 67 tomato and 74 African eggplants accessions. These were then then
characterized to identify desirable morphological and agronomic traits that could be used in tomato



crop improvement. Field and greenhouse experiments were laid out in a randomized, complete block
design with three replicates at the University of Nairobi’s Kabete field station in 2014 and 2015.
Characteristics were evaluated based on the International Plant Genetic Resources Institute tomato
descriptor list on 14 Agronomic and 10 morphological traits at flowering and fruiting stages.

As for the African eggplants, morphological data collected was subjected to Genstat’s univariate
analysis, bivariate, multivariate, and Darwin6 software for statistical analysis. The dendogram grouped
the accessions into two main clusters with a majority falling in cluster 2, revealing a narrow genetic
base in the cluster. The findings of this study reveal significant variation among the selected African
eggplant mainly contributed by plant height, leaf blade length, leaf blade width and fruit width.
Substantial variation among the 67 accessions was also observed in fruit color, fruit shape, fruit
texture, leaf base and leaf lade color. Variation in growth, fruit yield and nutritional quality exist
among African eggplant accessions hence enabling the breeders to use the well adapted accessions
like RV100200, RV100445 and GBK 050572 in breeding programs.

2. Development of whole genome and transcriptome DNA sequence resources using high throughput
Next generation sequencing for better classification and characterization of orphan African
Solanaceae species.

The mRNA extracted from leaf and fruit samples was sequenced using the lllumina next generation
sequencer to evaluate the genetic makeup, Statistical data analysis was done using Genstat and
Darwin 6 software. The sequence data analyses were yet to be completed at the time the final report
was submitted in early 2016, but the Pl indicated he and his team could o generally conclude that
African eggplant and tomato have diverse fruit, vegetative traits, and novel genes that can be utilized
in plant breeding programs to improve the currently cultivated accessions for better yield and
nutrition improvement.

3. Evaluate the metabolite profiles of the collected accessions.

The team established the effect of drought stress on carotenoid profiles of nineteen African eggplant
accessions selected based on leaf and fruit morphological traits. Fresh leaves were sampled at
different maturity stages; before stress, 2 weeks and 4 weeks after stress for carotenoid analysis. The
results of this study indicate that water stress has significant impact on the concentration of some
carotenoids and photosynthetic pigments. This knowledge will have significant implications for
farmers and could unlock the potential for stress management for improved food security and
sustainable livelihoods in Africa.
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KENYA - PROJECT 1-382: NATURAL RESOURCES INTERACTING WITH HEALTH
OUTCOMES: UNDERSTANDING FISHERY RESOURCE USE AND IMPROVING
NUTRITION IN WESTERN KENYA

PI: Richard Magerenge, Organic Health Response-Ekialo Kiona Center

U.S. Partner: Justin Brashares, University of California, Berkeley (Funded by the
National Science Foundation)

Dates: June 2012 — May 2015

PROJECT OVERVIEW

While ecosystem and human health are closely linked, the mechanisms through which natural systems
interact with livelihoods and human health are often poorly understood. The Organic Health Response-
Ekialo Kiona Center partnered with National Science Foundation Coupled Natural and Human Systems
(NSF-CNH) grant recipients at the University of California-Berkeley to improve understanding of these
mechanisms and how resource access mediates health and nutrition outcomes. This collaboration
represented the first research program on Mfangano Island, Kenya, aimed at equipping local
researchers with training, resources, and mentorship to design, evaluate, and create models of local
programs.

The NSF-CNH project aimed to inform a broader understanding of links between ecosystem and
human health by focusing on natural resources that provide food, particularly fishery resources, which
significantly impact local people. Poor nutritional status is often linked to degraded fisheries and agro-
ecosystems. The new PEER project analyzed these relationships, specifically the role of fish use and
access in the Lake Victoria fishery of Western Kenya. This study investigated how fishery health shapes
human nutrition, livelihoods, and health outcomes, and aimed to predict how human health and
household wealth affect reliance on harvested biodiversity. An interdisciplinary approach combined
ecological monitoring, nutritional epidemiology, and political ecology, with data collection including
fishing activities, fish consumption patterns, diet calendars, and child nutrition measures. The findings
have implications for broader poverty and resource management policies to guide community
programs.

FINAL SUMMARY OF PROJECT ACTIVITIES

In 2012, Organic Health Response completed a highly successful HIV program for the social network
groups who would subsequently participate in the nutrition intervention. These groups were
established based on existing social networks, and members recruited their families, friends, church
groups, fellow fishermen, soccer teams, etc.

Social network groups participated in six curriculum sessions from May 2014 to August 2014. The
curriculum was designed to provide knowledge and empowerment, and it emphasized hands-on
activities, including cooking and farm demonstrations, dramas, and creating family plans. Community
members also made plans to support each other in case of future challenges like grain shortages or
child malnutrition. The program structure was designed to drive sustainable behavior change and
allow participants to build relationships with Community Health Worker facilitators for ongoing
support.



The team continued to follow up with these groups to maintain group engagement, encouraging them
to continue meeting, providing additional curriculum, and continuing Community Health Worker
training. They also shared technical resources, addressed acute malnutrition referrals, and provided
technical support for fishing and agricultural initiatives to improve food access in tandem with the
findings from the research project. In this work the team engaged more than 500 individuals and 50
community health workers in 41 social support groups. In total, 40% of families with young children
joined the social support groups. After initial data collection, the Pl and his team conducted the 18 and
21 month follow-up surveys within the island community. The U.S.-based partners at UC-Berkeley and
Kenyan-based partners at Organic Health Response worked together actively to build a program to
support regional households in improved nutrition and food security.

The research team was awarded additional grants, including PATH’s NEEP (Nutrition Evaluation
Enhancement Program) grant and The Segal Family Foundation’s Organic Health Response grant. Staff
in Kenya participated in research ethics, computing and other training sessions, and a research
certificate program was created. The PEER team also created a connection between students at Sena
Primary School on Mfangano Island and Longfellow Middle School in Berkeley, California. A total of 160
students learned about the research program and connected directly with each other through pen pal
letters.
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KENYA - PROJECT 1-207: ADDRESSING DRINKING WATER QUALITY CHALLENGES IN
DEVELOPING COUNTRIES: CASE STUDY OF LAKE VICTORIA BASIN

Pl: Shem Wandiga, University of Nairobi

U.S. Partner: Benito Marifias, University of lllinois Urbana-Champaign, Formerly Mark
Shannon (Funded by the National Science Foundation)

Dates: May 2012 - August 2014

PROJECT OVERVIEW

The goal of this project was to develop point-of-use water treatment technology to be used to improve
the quality of drinking water for the people living around the Kenyan shore of Lake Victoria. The
project team from University of Nairobi and Bondo University College collaborated with the Center of
Advanced Materials for the Purification of Water with Systems (WaterCAMPWS), a science and
technology center supported by the U.S. National Science Foundation. The expertise from
WaterCAMPWS was used to help utilize locally available materials and regional expertise to develop
novel and sustainable point of use water purification systems.

Kenya has large deposits of titanium dioxide (TiO) that are now being mined for export. Small particle
semiconducting TiO, photocatalysts have been extensively studied due to their relatively high
reactivity and stability, and this study built upon the photocatalytic advances made by WaterCAMPWS
to extend the use of TiO, to address regionally specific waterborne chemical and microbial
contaminants. Expected outcomes of the project were: 1) improved regional access to safe water; 2)
new materials and markets for point of use water purification systems that leverage regionally
abundant and underutilized deposits of TiO; ore in Kenya; 3) improved research capacity in water
disinfection and purification; and 5) increased coordination in addressing drinking water problems at
scientific, policy and local communities.

FINAL SUMMARY OF PROJECT ACTIVITIES:

In the first phase, the PEER grantees undertook a survey in three socioeconomic and

biophysical settings—rural, peripheral-urban, and urban sites in Bondo District in the Lake Victoria
region in order to develop an integrated health knowledge base. The survey included questions on
demographics, socioeconomic status, access to water sources, and attitudes and practices around
water-borne diseases. Health challenges were found to be linked to water use and quality. Among their
findings: almost 70% of the surveyed households had no access to treated water and children as a
cohort shared a high burden of waterborne diseases.

In the second phase, the research team developed ceramic filters and several prototype water
purification platforms, including the use of titanium oxide and Moringa oleifera powder and seeds and
tested them with the intent of bringing the successful platform to market scale.

M. Oleifera seeds were found to be effective in removing microbial contaminants with E.Coli removal
efficiency of up to around 89%, while that of other Coliforms was around 78%. However, the powder
was not effective in the removal of ions such as nitrates, nitrites, and phosphates and alkalinity. With
the ceramic filters, the efficiency of the E. Coli reduction was around 99%, while that of other coliforms



was around 89%. In addition, the filters were effective in reducing heavy metals from water. As
observed with the M. Oleifera powder, the filters did not have the ability to remove dissolved ions
from the water.

Throughout the project, the Pl and team were able to educate the community and policy makers about
water quality and health and on how improved water quality can generate income opportunities and
reduce poverty. The researchers organized several workshops to discuss the project with stakeholders,
including one presenting the results and to plan future projects.

The research team was awarded several new grants to continue the work, including a SEK 500,000
(about $70,000 USD) International Science Program (ISP) collaborative grant from the University of
Uppsala, Sweden. They presented their scientific findings to government agencies, and the Kenyan
government expressed interest in implementation once the final product is developed. Researchers
were also approached by Proctor and Gamble to work with them on the supply of water in the Kibra
slums.

The project also built capacity for advanced students, including two female researchers. The ongoing
effort to improve knowledge about water quality has been expanded to Egerton University and schools
in Kenya.
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KENYA - PROJECT 1-198: NATURAL PEST AND WEED SUPPRESSION FUNCTIONS BY
BIRDS AS INCENTIVES TO CONSERVE A GLOBALLY THREATENED BIRD SPECIES AND
ENHANCE LIVELIHOODS IN AN AGRICULTURAL LANDSCAPE

Pl: Peter Njoroge, National Museums of Kenya

U.S. Partner: Matthew Johnson, Humboldt State University (Funded by the National
Science Foundation)

Dates: June 2012 — May 2015

PROJECT OVERVIEW

Biodiversity in agricultural landscapes can be part of the solution to problems in the food production
sector, as most biodiversity hotspots lie outside nature reserves. New technical researchthat promotes
the mutual relationship between agriculture and conservation is therefore needed. This project aimed
to investigate the interactions between agricultural systems and functional bird groups in the
Mukurweini district of Kenya. Located in the central Kenya highlands, Mukurweini District is a globally
recognized Important Bird Area (IBA) within an intensively cultivated landscape. The research team
used birds to understand the influence of landscape composition in Mukurweini on occurrence of
natural pest enemies and post-dispersal weed predators.

This study identified and promoted the best landscape composition features in Mukurweini to increase
the occurrence of functionally important birds (e.g., pest- and weed seed-eating). Dr. Matthew
Johnson, the U.S. collaborator on the project, served as the lead scientific coordinator for the
exclosure experiments. He has extensive experience with bird exclosure experiments, including their
design, deployment, data collection, analysis, and interpretation. The research sought to benefit the
conservation of globally threatened bird species like the Hinde’s Babbler, improve food security and
livelihoods in rural settings, and help boost the growth of bird watching tourism in Kenya.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers investigated the interactions between agricultural systems and functional bird groups
based on their feeding guilds and recorded 116 species across six months of data collection. Among
other findings, the data indicated significantly more species recorded during the wet seasons as
compared to the dry season.

The PEER team developed close working relationships between local schools, local government, and
the Kinyoho women'’s group throughout the project. They also brought on board Nature Kenya as the
local birdlife partner, which will continue supporting the groups and their initiatives, including an
Indigenous tree planting program in schools and the beginning of a tree nursery at Wajee Nature
Camp. During the grant period, a Master’s degree candidate on the team finished his coursework,
using work done for the research project as part of his thesis.

The researchers presented their results to local farmers at a workshop held at Wajee Nature Camp, as
well as in a presentation to members of the Mukurweini Environmental Youth Group and Wildlife Clubs
of Kenya. The presentations included information on integrated land-use systems for both profitable
food production and protection of critical ecosystems, as well as enhancing landscape-driven natural



pest and weed suppression. During the workshops participants proposed several activities that could
be undertaken to help promote and disseminate the project results, such as a commercial tree
program, school outreach program, bee-keeping program, conservation awareness tournaments, and
Mukurweini biodiversity and culture marketing.
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KENYA - PROJECT H1-175: IMPACT OF PRONTO TRAINING IN EMERGENCY OBSTETRIC
AND NEWBORN CARE ON 24-HOUR NEONATAL MORTALITY

Pl: Onesmus Gachuno, University of Nairobi

U.S. Partner: James Kiarie, University of Nairobi (Funded by the National Institutes of
Health)

Dates: October 2013 — April 2017

PROJECT OVERVIEW

In Kenya, neonatal mortality accounts for 60% of infant mortality. One-third of these deaths are due
to intra-partum complications resulting in birth asphyxia, which can be prevented by effective
interventions. The Government of Kenya has identified inadequate provider competencies in
Emergency Obstetric and Neonatal Care (EmONC) as a major challenge to implementation of quality
Maternal and Newborn Health (MNH) services and has prioritized improving skilled care and
enhancing the capacity of health facilities to provide these services. In high-resource countries,
simulation training has had the greatest success in changing practice and behavior in EmMONC,
particularly in emergency situations; however, the models used are expensive, complicated, and not
conducive for limited-resource settings.

Developed by a team of U.S. and Mexican researchers and clinicians in 2012, PRONTO is a low-tech,
highly realistic simulation and team-based training protocol specifically for limited-resource settings,
which has been shown to improve health worker competencies in EMONC and decrease perinatal
mortality. This training addresses skill and system barriers to the provision of sustainable quality
EmONC thus reducing neonatal and maternal morbidity and mortality. The overall goal of this PEER
project was to evaluate the effectiveness of PRONTO simulation and team training in emergency
obstetric and neonatal care in a rural Kenyan setting. The PEER team studied the use of the training in
Kisii health facilities, for workers caring for women during labor and delivery at these health facilities,
and their newborns. Using a cluster randomized trial design, the researchers sought to determine the
impact of PRONTO training on 24-hour neonatal mortality in health facilities, as well as on maternal
and neonatal morbidity, health care worker knowledge, skills, and practice.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Gachuno and his colleagues conducted trainings for eight intervention health facilities and Kisii
Teaching and Referral Hospital, training a total of 92 health workers. They conducted pre- and post-
training tests and evaluations on knowledge, skills, and attitudes. At the end of each training, each
facility developed strategic development goals in obstetric and neonatal care for implementation in
the health facility. The PEER researchers later held a training of trainers of 18 health providers and
reproductive health coordinators from Kisii County on PRONTO simulation and facilitation techniques
so that they could continue to conduct simulations with the PRONTO packs in the health facilities. The
project included a total of eight quarterly supervisory visits during the course of study, during which
the researchers monitored the roll out of a “near-miss” tool, reinforced the neonatal resuscitation
skills, and held meetings with facility in-charges and their staff to emphasize the importance of filling
the tools and conduct on-job training where there were gaps.



By the end of the study, the team found that their intervention group saw a significant decline in
neonatal and perinatal mortality (2.4% control vs. 1.6% intervention, p =.009), showing the impact of
the PRONTO protocol. With the help of the Kenyan Ministry of Health, the researchers developed a
national training package to scale up implementation. At the time the project ended in late 2018,
there was a high level of adopter commitment, although more funding is needed to implement these
trainings as common practice nationwide.

The Pl and team held several stakeholder meetings to present findings, including in-progress data
collection and final findings to the County Health Management Team, In-Charges of the Health
Facilities, and Local Ministry of Health Personnel. The researchers presented their findings across
several national and international academic conferences, including the 10th Annual World Congress
on Pediatrics, and they received a PEER Evidence to Action Supplement in July 2017 to disseminate
their findings more broadly to stakeholders and policy makers at the national and country levels and
develop an operational framework for the integration and implementation of PRONTO training.
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KENYA - PROJECT H1-120: FEASIBILITY AND EFFECTIVENESS OF THE BABY FRIENDLY
COMMUNITY INITIATIVE (BFCI) IN KENYA: A PILOT COMMUNITY TRIAL IN A RURAL
SETTING

Pl: Judith Kimiywe, Kenyatta University

U.S. Partner: Stephen McGarvey, Brown University (Funded by the National Institutes of
Health)

Dates: October 2013 — June 2017

PROJECT OVERVIEW:

Nutrition in the first 1000 days of life is critical for child growth, wellbeing, and survival. There is
evidence that undernutrition is associated with more than one-half of child deaths due to its influence
on morbidity. Interventions promoting optimal maternal infant and young child nutrition (MIYCN)
could prevent a fifth of under five deaths. Poor MIYCN practices are widely documented in Kenya, like
in other developing countries, with potential detrimental effects on child growth, health and survival.
The Division of Nutrition (DON), Kenya, developed a national strategy to promote optimal MIYCN
practices in 2007, actualized mainly through the baby-friendly hospital initiative (BFHI) in maternity
wards. However, since only two in five women deliver in health facilities, the majority of women lack
this support, and MIYCN practicesare greatly influenced by traditional beliefs and practices. Hence the
impact of BFHI is minimal. Recognizing the need to reach women at the community level, the DON is
therefore considering implementing the Baby Friendly Community Initiative (BFCI), which employs the
principles of BFHI at the community level. Hard evidence on the effectiveness of BFCI and how it works
best in the Kenyan context is needed to create the political buy in, budgetary allocation and effective
implementation at the national level.

This study aimed to pilot implementation of BFCI to determine its feasibility and effectiveness with
regards to maternal and child nutrition and health status in a rural setting in Kenya. The study was
conducted in East Pokot, a semi-arid rural district with poor healthaccess in North Rift region of Kenya.
The study combined both qualitative and quantitative methods to answer the research questions. A
formative study using participatory action research was conducted. Then, a quasi experimental study
with both qualitative and quantitative data collection would be conducted. Data on MIYCN practices,
nutritional status, and health of the children was then intended to be collected on cohorts of mother-
child pairs in both intervention and control arms through baseline and end-line cross-sectional surveys.

FINAL SUMMARY OF PROJECT ACTIVITIES

The government and development partners have adapted its methods for up scaling to other regions
in Kenya and the program has attracted other regional countries who are planning to come and learn
from its experiences. The team has received international interest and has been asked for information
and expertise in a number of new projects that focus on MIYCN in developing countries.

Initially, the project site was designated as the East Pokot sub-county of Baringo, but due to insecurity
challenges around cattle rustling coupled with other hindrances, the project team, in consultation with
the Division of Nutrition and Dietetics of Ministry of Health, decided to change the study site to

Koibatek within the same county. A reconnaissance and community mobilization visit was conducted in



July 2014 where the team held inception meetings with the Baringo County Health Management Team
(CHMT) and Koibatek sub-County Health Management Team (ScHMT). The Ministry of Health was a
key stakeholder in the implementation of the intervention and the study and fully involved in every
aspect of it including the training of the CHVs, orientation of health care workers in the sub-county on
the BFCI package, and supervision of the project.

Community mobilization for the project was conducted in July 2014 with the Baringo County Koibatek
health management teams. The officers were briefed on the purpose of the BFCI project and planned
activities including the orientation of the sSCHMT team, training of the CHVs, CHEWSs and health
facilities workers. The sub-county health management team briefed the project team on the structure
of the community health strategy and how many community health units were in existence and their
status. The project team was also briefed on other activities undertaken or were ongoing on nutrition
and health within the sub-County.

A formative study was conducted in August 2014 to establish the knowledge, attitudes and practices
regarding maternal nutrition, breastfeeding and complementary feeding; establish contextual and
cultural factors which contribute towards maternal, infant and young child (MIYCN) practices; and
inform customization of BFCI including the role of key persons involved in reproductive health such as
traditional birth attendants (TBAs). Focus group discussions were conducted with women of
reproductive age (15-49 years) who were either pregnant, breastfeeding or had ever breastfed and
with CHVs and village elders. Key informant interviews were conducted with healthcare professionals,
sub-County health management team, TBAs, the chiefs, assistant chiefs, village elders and religious
leaders. This information was used to guide the structure of the implementation of the intervention
and the finalization of the quantitative tools for assessing the study outcomes.

Thirteen qualitative data collectors were recruited in early August, and trained for one week.
Community mobilization for the formative study took place immediately after the training and piloting
of the data collection tools. The project team reached 145 community members; 8 chiefs, 18 assistant
chiefs, 57 village elders, 35 religious leaders and 27 women leaders drawn from across the 13
community health units in Koibatek. The research team conducted a total of 52 interviews involving
160 respondents. These included 16 FGDs, 14 IDIs and 22 KlIs.

A stakeholder’s workshop with all relevant partners and other stakeholders including the Unit of
Nutrition and Dietetics in the Ministry of Health, nutrition specialists from academic institutions,
UNICEF, FAO, Save the Children, World Vision was held on October 2014 and preliminary results of the
formative study disseminated, discussions were held on how to use the findings to tailor the
intervention and the prospective data collection and a revised work plan for the study was developed.
Dissemination, consultation, and planning meetings in Koibatek sub-County were held with the county
and sub-county health management teams, stakeholders and community members in December,
2014. Formative study findings were used to inform project intervention activities, formation of
community mother support groups, Income Generating Activities for CHVs.

Training/orientation of CHVs on the BFCl was done from 23 — 27 February 2015. 145 CHVs out of a
possible 161 were sensitized, in addition to 13 CHEWs who supervise CHVs’ activities in the community
units. Topics covered included maternal infant and young child nutrition and breastfeeding practices,
keys to successful breastfeeding. Other topics were mother to child transmission, infant feeding and
HIV, infant and young child nutrition practices, formation of mother support groups. A midline
qualitative evaluation was conducted about halfway through the intervention with the aim of
documenting experiences by the study community with the ongoing intervention. The midline study



explored enablers, barriers and successes recorded thus far and recommendations for change or
future practice. This was collected through in-depth interviews and focus group discussions with
mothers, and focus group discussions with CHVs and village elders, and key informant interviews with
chiefs, religious leaders, health care professionals, TBAs and the sub-county Health Management Team
members.

Midline qualitative evaluation was conducted in early February 2016. The team trained conducted 68
interviews involving 163 participants. These included 19 FGDs, 29 IDIs and 20 Klls. Key informants
included the sub-County Medical Officer of Health (sCMOH), sub-County Nutrition Officer (sSCNO), and
sub-County Community Strategy Coordinator (sCCSC), Health Care Workers (HCWs) from the
intervention units and all the Community Health Extension Workers (CHEWSs) from all the 13 units. IDIs
were conducted with pregnant women below 25 years and above 25 years, lactating women below 25
years and above 25 years, and a Community Health Committee representative. The FGDs comprised of
Community Health Volunteers from all the units and spouses and grandmothers in the intervention
units.

Endline qualitative assessment was conducted in February 2017 to document experiences by the study
community and other stakeholders regarding the BFCl including challenges and opportunities
encountered. Evaluation sought information on recommendations for change/future practice for
similar interventions.

Interviews with mothers covered their experience with the intervention, lessons learned, challenges,
benefits, opportunities and recommendations for change. FGDs with CHVs covered experiences in
delivering the intervention, facilitating, limiting factors and recommendations for change. Klls with
CHC representatives, health care workers and the sCHMT covered experiences with delivering the
intervention, perceived and observed benefits accruing to the community, lessons learned, challenges,
opportunities and recommendations for change. A total of 42 interviews were conducted on 84
participants.

The project team participated in its own and other government initiated workshops between January
and March 2015, convened to finalize on the review of tools for monitoring and evaluation of the BFCI
intervention. The monitoring tools administered to healthcare workers and CHVs to assess the
compliance of the health facilities in the intervention units to BFCI. A workshop to finalize on the tools
was held in April 2015.

Recruitment of study participants was completed in May 2016 with a total of 901 participants enrolled
into the study while household data collection on mother and child pairs was completed in December
2016. 78 of the recruited mother-child pairs had been lost to follow up for reasons that included death
of either the mother or child, outmigration from study area, cross migration from intervention unit to
control unit and vice versa and termination of pregnancy among others.

The project team conducted dissemination meetings of the study findings and outcomes at the
community, sub-county and county levels in April, 2017 and at the national level in May 2017.
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KENYA — PROJECT SG1-001: EVALUATION OF NUTRITIONAL AND
PHARMACOLOGICAL POTENTIAL OF KENYAN DOUM PALM: TOWARDS IMPROVED
LIVELIHOODS

Pl: Cecilia Mbithe Mweu, Jomo Kenyatta University

Dates: October 2019 — December 2020

PROJECT OVERVIEW

Agriculture is the mainstay and currently accounts for about 70% of the rural incomes in Kenya. Palms,
particularly doum palm, are an important component of terrestrial ecosystems and play numerous
roles in the arid and semiarid regions of Africa, Madagascar, the Arabian Peninsula, and India. It is an
important wild fruit plant with diverse commercial and domestic uses. In Kenya, it is represented by
the genus Hyphaene, which has two species the Hyphaene compressa and H. coriacea, and in Africa by
approximately 26 species of the Hyphaene genus. The regions where the doum palm grows experience
famine, water and forage shortage for livestock, leading to high dependence on doum palm, as it can
withstand harsh climatic conditions. Doum palm dominates forests and woodlands, serves as sources
of dry season grazing during drought and also protects the riverbanks. In the northern and eastern
regions of Kenya, doum palm contributes significantly to the livelihood and welfare of the local
communities, who are mainly nomadic pastoralists and agro-pastoralists.

Despite the ubiquitous importance of doum palm, it have been overlooked in nature conservation and
are not included in any international biodiversity agreements. This is due to the fact that doum palm is
considered a less important species, hence, there is only rudimentary knowledge of its biology,
diversity, nutrition, and medicinal properties. The decline in the availability of doum palm due to
overharvesting and destruction of their natural habitat are preeminent causes of doum palm genetic
erosion. Lack of information on the scope of nutritional and medicinal properties of Kenyan doum
palm is one of the greatest limiting factors to prospects of scaling it up for food and pharmaceutical
industries.

The Pl therefore designed this small pilot project with three main objectives: (1) to determine the
nutritional properties of Kenyan doum palm varieties; (2) to establish the bioactive medicinal
compounds present in doum palm varieties; and (3) to determine the antimicrobial efficacy of doum
palm varieties.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PI Dr. Cecilia Mweu and a graduate student, Esther Seroney Jebichii, researched medicinal
bioactive compounds found in doum palm fruit. They sought to improve doum palm utilization as a
food commodity and as complementary medicine in arid and semi-arid regions of Kenya facing food
insecurity, lower income, and limited access to medical facilities. The team collected samples in
Tharaka and Kwale counties of Kenya and then tested them back in the labs at their university. They
generated data on nutritional and bioactive compounds and developed a research article on
antimicrobial activity of bioactive compounds of doum palm extracts. They also shared their findings in
a seminar presentation.



The Pl additionally mentored postgraduate students at her institution, including on topics such as
research proposal writing, manuscript writing, thesis writing, and sourcing for research funds.
The Pl also received a $24,000 grant from the International Center for Genetic Engineering and
Biotechnology to carry out research on cassava improvement.



KENYA — PROJECT SG1-004: TOWARDS IMPROVING NUTRITIONAL OUTCOMES
THROUGH ADOPTION OF BIOFORTIFIED ORANGE FLESHED SWEET POTATO
CLIMATE SMART TECHNOLOGIES IN ISIOLO COUNTY, KENYA

Pl: Agnes Kavoo, Jomo Kenyatta University

Dates: October 2019 — March 2021

PROJECT OVERVIEW

This project researched and documented the potential of orange fleshed sweet potato (OFSP) in Isiolo
County, Kenya. The researchers sought to identify farmers’ knowledge, practices, preferences, methods
of utilizing sweet potato products and their willingness to grow the OFSP varieties. The effort was
designed to provide a baseline to design interventions and inform decision making both for the
individual farmers and for farmers’ groups and institutions. For example, the improved yields and
income from OFSP help other farmers more readily adopt the improved variety based on the firsthand
results achieved by fellow farmers.

The team sought to empower the first adopters in order to expand the project, and preliminary
findings showed promise in improving the productivity and profit for the farmers, households, and
farmers’ groups, potentially improving their economic status. Equipping farmers with knowledge, skills,
and seed inputs in turn made these farmers champions of learning and adoption of these improved
practices.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project team established demonstration centers for OFSP in collaboration with farmers. Five
farmers’ groups were sensitized on OFSP production and utilization. These groups also served as
primary OFSP seed distribution and on-farm demonstration centers. In the subsequent cropping cycle,
these groups supplied the OFSP seed to an additional 100 households and two institutions, including a
children's comprehensive care center and a hospital that serves women and children.

The researchers also provided demonstration sessions on selected climate smart agronomic practices,
such as innovative planting methods (e.g. planting on mounds, ridges, at flat beds) and application of
inorganic and organic fertilizers, among others. The adoption of these practices by farmers enhanced
OFSP yield and household incomes. For example, a farmer in Burat planted OFSP on a quarter of an
acre and harvested 200kg of OFSP after 3.5 months, which he sold at KES 50,000 ($500). This
represented an 122% increase in yield compared to the previous season.

At the time they submitted their final PEER report, the Pl and her team were finalizing a detailed end-
of-project assessment for submission to the county government. The team developed three articles for
publication (two of which were still under review) and presented their findings at the 15th JKUAT
Scientific, Technological,and Industrialization Conference. The PEER project supported and trained two
graduate studentsand two postdoctoral fellows, including three women. The postdocs were trained on
how to write research proposals, gained skills in managing research projects, and were engaged in the
day-to-day research activities.



PUBLICATION

Agnes Mumo Kavoo, R.M. Mwajita, Lilian Wambui Kariuki, and Leonard Muriithi Kiirika. 2022. Appraisal
of determinants of orange-fleshed sweet potato production and utilization in Isiolo County, Kenya.
African Journal of Food, Agriculture, Nutrition and Development 22(3): 19886-19909.
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KENYA — PROJECT SG1-005: DEVELOPMENT OF A VISUAL DETECTION
MICROARRAY BASED METHOD FOR THE DETECTION OF MULTIPLE AFLATOXIN
PRODUCING ASPERGILLUS SPECIES

Pl: Lilian W. Kamau-Gatogo, Kenyatta University

Dates: October 2019 — November 2021

PROJECT OVERVIEW

Aflatoxins are produced by certain fungi, including Aspergillus species, and are found on a variety of
crops, including maize. These toxins can lead to acute poisoning and liver damage, and they increase
the risk of cancer for those who harvest and consume such crops.

This PEER project sought to determine the safety of maize (corn) consumed by Kenyans and their
livestock through studying the amount and type of fungal contaminants in maize not processed by
commercial millers. The study found that most of the maize sampled in this study was contaminated
with aflatoxin-producing fungi and other fungi. This and other findings on contamination are needed
for policymakers and agricultural extension officers to advise farmers on best post-harvest practices to
ensure safe nutrition and reduce maize grain losses due to contamination, thus improving food
security.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Pl and her team took samples of surface-sterilized maize seeds from Embu, Kitui, Murang’a, and
Nakuru counties in Kenya and plated them in potato dextrose agar to determine fungal contamination.
They observed that 223 of the 288 kernels showed fungal growth. The percentage of fungal
contamination in the maize seeds was highest in Embu, showing 86% contamination, and lowest in the
Nakuru samples at 73%.

The PEER team grouped the fungal isolates into Aspergillus and non-Aspergillus species. Non-
Aspergillus isolates largely consisted of Fusarium, Trichoderma, Talaromyces, Trimorphomyces, and
Schizophyllum, among others. The Aspergillus isolates groups included Aspergillus niger, Aspergillus
flavus, Aspergillus tubingensis, and Aspergillus tamari.

The highest number of Aspergillus species (11) was detected in maize seeds from Nakuru County, while
the lowest number was detected in maize from Embu County. Aspergillus flavus and Aspergillus niger
formed the bulk of Aspergillus species recovered from the maize seeds. The results indicate a high
diversity of potentially harmful microorganisms in maize seed food products in Kenya, but the level of
aflatoxins produced differed among the species studied.

In addition to pursuing the research objectives of the project, the Pl mentored several young scientists,
including supporting the research projects of four graduate students. In addition, she was accepted
into Women Researchers of Kenya (WERK) and served as a Kenya Bureau of Standards technical
committee member and as a conference abstract reviewer.



MADAGASCAR

MADAGASCAR - COV-164: RESILIENT FOOD SYSTEMS AND BIODIVERSITY UNDER
FUTURE CRISES IN MADAGASCAR

PI: O. Sarobidy Rakotonarivo, University of Antananarivo

U.S. Partners: Randall Kramer, Andrew Bell, and James Herrera, Duke University
(Funded by the National Institutes of Health)

Dates: October 2022 — March 2024

PROJECT OVERVIEW

The COVID-19 crisis led to severe increases in global food insecurity. In Madagascar, one of the
poorest countries in the world, the pandemic aggravated food insecurity by causing lost revenue from
exports and tourism, disruption in agricultural markets, volatility in crop prices due to travel
restrictions, and increases in the prices of basic commodities. In addition, COVID-19 reportedly
undermined Madagascar’s unique biodiversity, as people increasingly turned to wildlife trafficking,
charcoal production, logging, and forest clearing for agriculture to make up for lost income. The
increased urban out-migration caused by the pandemic also put extra pressure on natural resources
and increased local demand for food and other needs.

This PEER project aimed to inform the prevention and resolution of future crises by providing better
understanding of the impacts of COVID-19 on rural livelihoods and food security and its knock-on
impacts on biodiversity in northeastern Madagascar. The project carried out key informant interviews,
choice experiment surveys, experimental games, and focus groups to identify the various mechanisms
by which COVID-19 altered food security and livelihoods and explore farmer livelihood coping
strategies during COVID-19.

The researchers sought to provide key policy recommendations to decision makers and a wider
audience, alongside co-production of recommendations with decision makers and affected
communities. Beyond the lifetime of the project, the Duke University Lemur Center and the project Pl
have ongoing related commitments in the Sava region of Madagascar and will be in a position to
continue to engage with communities and various stakeholders on these issues.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers undertook this study to investigate the individual and compounding impacts of the
COVID-19 pandemic, the Enawo cyclone, and the vanilla price collapse on vanilla farmers in rural
Madagascar. Using 60 semi-structured and scenario-based interviews, they examined the various
mechanisms through which the pandemic and these cascading crises influenced livelihoods, food
security, and natural resource use across two villages in northeastern Madagascar. They found that
the impact of the pandemic, combined with the cyclone event and the vanilla price collapse, disrupted
livelihoods, resulting in significant income losses and food security challenges that exacerbated farmer
vulnerabilities. Importantly, the declining vanilla prices had important spillover impacts, affecting both



farmers and residents reliant on alternative income sources. Local communities reported using the
forest resources more frequently as a safety net during crises in the village with more lenient
regulations.

The field team also implemented a choice experiment survey and experimental games with 200
farmers in the villages of Mandena and Andrapengy to examine farmers’ preferences for regenerative
agriculture as an alternative to practices that are reliant on input markets (such as monoculture
forest-derived vanilla crops) or the need to engage in forest clearing in the event of crises such as
COVID19. The experimental games aimed to examine the impact of policy interventions (price shocks
and individual payments) on farmer willingness to diversify crops, (and hence increase resilience) and
to support forest conservation. They were developed on Netlogo and played on tablet computers in a
group of sixfarmers. Participants in the game could choose to farm vanilla, plant other crops, or leave
the forest or fallow land as-is.

Preliminary results indicated farmers highly valued vanilla monocrops and had lower preferences for
diversified vanilla agroforestry. Respondents who owned larger vanilla lands were more likely to place
greater value on earnings from diversified agroforestry vanilla.

In the games, the presence of shocks such as a drop in vanilla price significantly led farmers to
diversify their crops (less monocrop vanilla and more non-vanilla crops). Shocks also incentivized more
diversified land uses (defined as a mix of vanilla crops, forests, and other crops) at the landscape level.
Favorable perceptions of diversified vanilla agroforestry and total landholdings were also positively
associated with more forest / fallow lands in the game landscape. Payments resulted in improved
environmental outcomes through increased vegetation on private lands but decreased land use
diversity within households. This study also demonstrates how games can provide a low-risk, low-cost
tool to predict the impacts of policy interventions, and study how these impacts might differ between
various groups of households.

As part of the PEER project, research assistant Rakoto Harison Henintsoa traveled to Boston University
to analyze the datasets withthe U.S. partner, Dr Andrew Bell, and discuss the preliminary results with
his lab group. She also used the opportunity to learn more about various methods of data analysis
applicable across various fields through a few one-to-one meetings with members of Dr Bell’s lab.

The PEER team also convened community meetings in the last week of March 2024 to share results
with their participants in Mandena and Andrapengy villages. A total of 150 participants attended these
events, where researchers presented their findings and asked the community their thoughts about the
extent to which the results reflect their views and decisions. They also used the opportunity to ask
participants about the effect of the ongoing vanilla price decline on their livelihoods. The Pl and team
have also presented their findings at IASC2023 and the International Food Policy Research Institute.
The team has received two additional grants totaling $510,000 for related work from the Swiss
National Foundation and the Belmont Forum.

PUBLICATIONS
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MADAGASCAR - PROJECT 9-232: IMPROVING HUMAN LIVELIHOODS THROUGH
HOLISTIC CONSERVATION OF MALAGASY ORPHANED PLANTS, THE ICONIC BAOBAB
TREES

Pl: Seheno Andriantsaralaza, University of Antananarivo

U.S. Partner: Onja Razafindratsima, University of California, Berkeley (Funded by the
United States Department of Agriculture/ National Institute of Food and Agriculture)
Dates: April 2021 — January 2024

PROJECT OVERVIEW

In the past, many long-lived plant species relied on large-bodied terrestrial animals (megafauna) to
disperse their seeds. Unfortunately, many megafaunal communities are now extinct due to
anthropogenic activities, leaving these plants “orphaned.” Madagascar is facing an alarming extinction
crisis, including the loss of large-bodied animal seed dispersers, due partially to poaching and illegal
trades. However, almost all targeted conservation efforts in Madagascar rarely consider restoring the
missing ecological functions within ecosystems. Understanding such disruptions is essential to reduce
the risk of extinction of plant species and resolve biodiversity conservation issues.

This PEER project sought to examine the mechanisms ensuring the persistence and regeneration of
Malagasy baobab trees (Adansonia grandidieri Baillon), an economically valuable, orphaned, and
endangered plant species, to advance solutions to promote its sustainable use to benefit local
communities. The researchers aimed to characterize the factors allowing baobab’s persistence in the
absence of its animal partners, evaluate the role of extant native and non-native animals in
compensating for the functional loss of their primary dispersers, and provide conservation-targeted
solutions that consider local livelihoods, especially considering threats to the rich biodiversity of
Madagascar include widespread poverty, especially among the populations that rely heavily on natural
resources.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project's field sites were located in two areas of the Menabe region in western Madagascar:
Andranomena village to the north of Morondava and Andranopasy village to the south. Extensive
fieldwork was conducted during the baobab fruiting season, where researchers, in collaboration with
the Ary Saina association, collected data on the fields. The team’s research elucidated the orphaned
status of baobab trees and the role of secondary dispersers in baobab seed dispersal. A manuscript on
these findings was in process at the time of the final project report in the spring of 2024. The project
facilitated capacity building among research team members, fostering skill development and
promoting scientific expertise within the local context. The Pl visited the U.S. partner’s lab to further
enhance research skills, and the U.S. partner visited a field site in January 2023, gaining insights into
the research activities and providing additional training to the students.

Beyond their research efforts, the PEER team transplanted 21,058 seedlings with the help of local
community groups—9,033 in Andranomena and 12,223 in Andranopasy. This joint effort not only
helped to restore the Baobab habitats but also instilled a sense of responsibility and ownership among
the community groups towards the conservation of the Baobab trees. Additionally, the researchers



conducted follow-up assessments every three months on the transplanted seedlings, revealing a
survival rate of 63%. The team worked closely with the local community groups, VOI AMI and VOI MITI,
to create a fire break in the Andranopasy site as a proactive measure to protect the area against the
potential risks of natural and human-caused fires.

A PEER team member also undertook a pilot study on fruit production and trade dynamics, providing
valuable insights into the economic aspects of baobab conservation. Ferme Aina, a company located in
Andranopasy, has expressed its interest in purchasing baobab fruits from the local communities. The
project is acting as a mediator between the two parties, intending to ensure that the fruit is not
overexploited. The team proposed a quota system to regulate the harvesting of the fruits, while also
ensuring that the local communities benefit from the sale of baobab fruits. Once the quota is
formalized by CITES and the scientific authority, they can establish a partnership with the local
communities.

The researchers organized a three-day workshop to provide stakeholders with a platform for discussing
policy implications based on the findings of the project, as well as a closeout event in January 2024,
where they discussed project findings with the USAID mission in Madagascar and participants from the
field sites. The PI presented findings in several technical academic presentation, and the team received
a $25,000 grant from Daughters for Earth for ongoing work in this area.



MADAGASCAR - PROJECT 8-168: IMPROVING MANGROVE FOREST CARBON AND
SOCIOECONOMIC DATA TO IMPROVE MANAGEMENT IN MADAGASCAR

Pl: Herintsitohaina Razakamanarivo, University of Antananarivo Laboratory of
Radioisotopes

U.S. Partner: Richard Mackenzie, U.S. Forest Service Institute of Pacific Islands Forestry
Dates: November 2019 — October 2021

PROJECT OVERVIEW

Coastal Malagasy populations rely heavily on mangrove forests for food (fish, shrimp, and crabs),
building materials, and fuel wood for cooking. Mangroves also protect these human populations from
tsunamis and cyclones, as well provide climate change mitigation and adaptation by removing and
storing large amounts of carbon (C) from the atmosphere. Despite these many benefits,
overharvesting of trees for charcoal has resulted major deforestation rates and 20% loss of the
country’s mangrove forests. Mangrove deforestation not only results in the loss of goods and services
provided by mangrove forests listed above but also negatively impacts their ability to keep up with
increased rates of sea level rise. Developing community-based management is key to conserving
and/or restoring these tightly coupled human-natural systems, but the first steps are using surveys to
identify how communities value mangroves economically, culturally, and ecologically and to examine
how these social aspects influence important ecological structure (amount of C stored in mangroves)
or functions (rate mangroves are accumulating sediment, burying C in their sediments, or rising in
elevation relative to sea level rise).

The main goal of this project was to increase our understanding of how socioeconomic, sociocultural,
communication, and decision-making contexts impact the ecological structure and functions of
Malagasy mangroves, which can be capitalized for national policies as well as for the different
strategies of stakeholders in environmental governance.

FINAL SUMMARY OF PROJECT ACTIVITIES

This PEER project was conducted in the mangrove forest in the western part of Madagascar by three
teams from University of Antananarivo with the support of the U.S. Forest Service (USFS) team and
other partners for purposes of collecting three types of data: carbon data (ensured by LRI), social data
(ensured by CERCOM) and economic data (ensured by C3EDM).

The main challenge of the PEER team was to collect and combine carbon, social, and economic data so
it can later be used by the stakeholders for sustainable management of mangrove forest in Menabe
Region. The project was conducted in seven villages: Betania, Antanimanimbo, Andika, Andranolava,
Manahy, Menaky, Antsatrabo. Collection of ecological data was conducted in 33 plots of intact forest
and 33 plots of degraded forest; collection of economic data was done by doing economic surveys
with 256 people to identify perception of economic values of mangrove forest; and collection of social
data was done via ethnographic approach, observation, and training conducted in each village.

At the conclusion of the project, the team outlined the need to (1) reinforce environmental education
in Menaky , Andika and Manahy; (2) reinforce reforestation in Manahy, Betania and Andranolava; (3)
reinforce the work of stakeholders in Betania (4) continue stakeholders' mangrove management in



Antsatrabo and Antanimanimbo and Andranolava; (5) consider a participative approach; and (6)
mentor effective income activities in the villages. For the Menabe region, the project team outlined
the need for a real application of existing law for Mangrove Forest, reinforcement of the management
of income for local population, and the need to control people's migration.

In terms of future plans, the carbon team and ISSEDD consortium are working with USFS partners on
carbon inventories in the Eastern. The PEER team plans to integrate PEER data with this work, which
should result in publication of another paper on allometric equation of other Malagasy mangrove
species.

The project team shared the results of the project with the Malagasy stakeholders (government,
NGOs, students, researchers) during the National Celebration Day of Mangroves (national restitution)
and the regional restitution (Menabe Region). According to various exchanges between collaborators,
they are planning to use this project's data or research in various ways, such as mangrove
management and conservation at various levels (i.e. village or community level, local, or municipal).



MADAGASCAR - PROJECT 7-477: BUILDING A REFERENCE COLLECTION FOR
MALAGASY ROSEWOOD, PALISSANDER AND EBONY IDENTIFICATION

Pl: Bako Harisoa Ravaomanalina, University of Antananarivo

U.S. Partner: John Hermanson and Michael Wiemann, United States Department of
Agriculture, Forest Service, Forest Products Laboratory

Dates: November 2018 — December 2022

PROJECT OVERVIEW

This project aimed to address the ongoing illegal logging of precious timber species in Madagascar,
particularly species in the genera Dalbergia and Diospyros, known as rosewood, palissander, and
ebony. Despite national trade bans, the demand for these woods has led to increased illegal
exploitation. This situation resulted in the listing of Dalbergia and Diospyros logs and sawn wood in
Appendix Il of CITES to monitor trade legality and protect these species. However, identifying
individual species and points of origin is challenging without associated botanical materials. Moreover,
gaps in the taxonomic circumscription of these species add to the difficulty, as Malagasy precious
woods have traditionally been traded under local vernacular names.

The project developed accurately identified collections of wood specimens and their associated
herbarium vouchers for all Malagasy CITES-listed Dalbergia and Diospyros species housed at the
University of Antananarivo. These collections were used for taxonomic revisions and establishing and
validating different identification systems. A reference collection was created, including supplemental
information for each sample, providing reliable reference samples for developing emerging wood
identification methods. Identification systems based on wood anatomy and analytic-based tools,
including machine learning, were finalized. To reduce species extinction risk, the team promoted ex-
situ conservation at four sampling sites and protected areas, setting up nurseries to grow and plant
rosewood, palissander, and ebony throughout Madagascar.

This project facilitated an exhaustive inventory of Dalbergia and Diospyros species in Madagascar,
aiding decision-makers in evaluating the current status of precious wood resources. It aimed to replace
the unsustainable and often illegal trade with a sustainable and equitable commercial system,
benefiting local communities and promoting long-term income generation. By organizing and
managing the commercialization of precious woods, the project sought to contribute to economic
development, generating significant revenue locally and nationally. These efforts supported the
scientific community’s commitment to establishing a controlled and well-managed commercial
precious woods sector, essential for sustainable exploitation.

FINAL SUMMARY OF PROJECT ACTIVITIES

Seventeen sampling campaigns were carried out in eight regions of Madagascar during the project,
resulting in 651 collections, composed of 347 Dalbergia species, 281 Diospyros species and 26 others
genus. These collections bring the total to nearly 2206 herbarium specimens, 917 herbarium
specimens for morphometry, 2422 leaves in silicagel, 1019 branches, 603 barks, 580 stem woods and
38 flowers in alcohol. These samples contribute significantly to improved species delimitation in both
genera, while also informing conservation assessments and providing taxonomically verified material



for morphological, anatomical, spectrometric, and DNA sequence research in support of the
development of reliable identification tools.

The 2206 herbarium specimens were mounted and labeled MBEV104390 for reference. They were
then deposited in the herbarium of the Department of Plant Biology and Ecology. The cross-sectional
surfaces of the 580 stem woods were polished. A Gw code "Gasikara wood" was assigned to each
wood specimen in the collection at the xylotheque of the University of Antananarivo. Each herbarium
specimen corresponds to a wood specimen and the information on these specimens is available in the
common database of the G3D project (b3dm 1.0).

Comprehensive data on all target tree species of Dalbergia and Diospyros is available via TROPICOS
and the Madagascar Catalogue (potentially sensitive data masked to prevent public access).

Madagascar's first wood library—the Xylotheque of the University of Antananarivo—was inaugurated
on December, 18, 2020, and houses around 4500 wood specimens, mainly Dalbergia and Diospyros
species and their lookalikes. Forty Dalbergia species among the 48 from the literature (Bosser &
Rabevohitra, 2006) are currently in wood reference library. Forty seven percent of Diospyros species
(about 114) from 250 species of Madagascar catalogue (www.tropicos.org) are available. Herbarium
vouchers, samples for sectioning, and microscope slides are available for scientists and users.

Another output from this project was an anatomical atlas of Dalbergia and Diospyros species from
Madagascar, authored by Harisoa B. Ravaomanalina, John C. Hermanson, and Michael C. Wiemann.
This second version of the atlas is available and is more thorough, and includes more species and more
replicate samples of each, listing 40 species of Dalbergia and 25 species of Diospyros . It focuses on
macroscopic wood identification and includes character lists to be used in a proposed identification
key. An advantage of this second version is that macroscopic and microscopic features are
simultaneously presented. It is useful for both traders and competent authorities who analyze wood
specimens as well as for scientists who rely on microscopic anatomy for further identification.

In terms of wood species identification methods, the standardized sampling protocol used for this
work includes the preparation of samples to be used for a variety of identification techniques from
different laboratories in Madagascar and abroad, including wood anatomy, NIRS, DART-form, DNA
analysis, etc. This newly developed and field-approved sampling protocol will expand the existing
sample to include all species of Dalbergia and Diospyros and their look-alike species, with multiple
samples of most species. The samples are ready to be shared with other scientists.

Beyond their research efforts, the PEER team and its collaborators restored more than 4000 plants in
the forests of Ambohidray, Ampasindava, Marolambo, and Tsitongambarika, with 2500 more waiting
to be planted. In terms of capacity building for students, seven Master’s students took advantage of
the project and analyzed scientific data on Dalbergia and Diospyros species anatomy and growth
analysis and needed basic documents of Ambohidray Protected area.

As for broader project impacts, thanks to this project and Dr. Harisoa's and her team's research and
the scientific advances of the Malagasy Precious Woods Consortium, Dr. Ravaomanalina has been able
to identify the list of commercially valuable of Malagasy Dalbergia and Diospyros species action plan in
CITES Décision 18.98 in paragraph a), required by the CITES Secretariat. Thanks to the effort deployed
in this PEER project, a pilot xylotron wood identification tool based on wood anatomy (macroscopic
and microscopic levels) for 19 Dalbergia and 23 Diospyros species was developed.


http://www.tropicos.org/

Finally, with regard to the third objective of the project to promote conservation, a protected area
development and management plan has been established for the four sampling sites. This contributes
not only to an effective involvement of the local population in the conservation of threatened trees
but to a reliable and efficient implementation of the Development and Management Plan for
Ambohidray, Tsitongambarika, Marolambo and Ampasindava protected areas.

Now that the project has been completed, in terms of future plans, Dr. Ravaomanalina reports, that
she will continue to work on automated anatomical wood identification systems. To put her research
results into practice, she will continue and complete the implementation of needed data for all large
trees Dalbergia and Diospyros species with her U.S. partners to make the Xylotron machine functional.
It is an automated anatomical wood identification system using portable device using both analytic-
based wood species tools (xylotron) developed by Drs. Wiemann and Hermanson from USDA and
Xylorix identification platform performed by Dr Yong Haur Tay from the Centre for Computing and
Intelligent System (CCIS), Malaysia. Two methods have been developed and performed to imitate the
capability of a human wood anatomist in different airports, to identify which type of timber the piece
of wood belongs to. Both do not require a special competence from the users developed for non-
specialists to identify unknown woods in the field.

In terms of capacity building, training of CITES stakeholders was planned within the framework of this
project, but because of the pandemic it was not carried out. On the one hand the goal is to facilitate
the work of the enforcement authorities and to achieve the compliance of the current listings by
equipping them with very practical tools (i.e., the xylotron and xylorix) and performing on-site wood
identification with very minimal training within all Malagasy concerned regions. On the other hand,
the goal is to train them to enhance their capacity for wood identification which will assist during
interdictions, investigations, enforcement of harvested timber and export in order to comply with
CITES regulations and to ensure the legacy of the wood at national and international level.
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MADAGASCAR - PROJECT 6-134: COMMUNITY-BASED MONITORING AND
MANAGEMENT OF MADAGASCAR’S NATIONAL PARK PROTECTED AREAS

Pl: Lalatiana Randriamiharisoa, Madagascar National Parks

U.S. Partner: Brett Scheffers, University of Florida (Funded by the United States
Department of Agriculture/ National Institute of Food and Agriculture)

Dates: December 2017 — December 2022

PROJECT OVERVIEW

Madagascar National Parks (MNP) has a mandate to manage and conserve its protected area network
of more than 2 million hectares of land; therefore, MNP needs efficient ways to collect data to inform
its management practices. However, the data collected so far are disparate and do not cover the
diversity of ecosystems under the park system’s purview, a problem that might be rectified by tapping
into the biodiversity knowledge of local communities and MNP rangers.

This PEER project focused on improving and streamlining MNP’s data collection process via integration
of local communities. The project provided local communities the opportunity to participate in the
conservation of their local protected areas and helped create a local economy tied to biodiversity
monitoring, which creates value for biodiversity outside of traditional natural resource extraction and
use. Six protected areas were selected as study sites to cover the diversity of ecosystems and wildlife
present throughout Madagascar, as well as a climate gradient to assess possible impacts from the
wettest to the driest regions.

This project tested whether local communities can collect data and take leadership and ownership
over the management of their protected areas, built up capacity, and assessed the ability of the local
community to effectively and accurately monitor biodiversity and ecological parameters by comparing
results from the expert team and the community-based team. The Pl and her colleagues leveraged
local community group (CLP) participants identified by the MNP. At the end of the project, the CLP
members had the opportunity to enhance their knowledge and community linkages through training
by the Pl and the wider research team. The project focused on the conservation impact of the project
and the socioeconomic impact of the 65 communities involved.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team began by training CLP members, park rangers, and MNP staff on survey methods,
identification of target taxonomic groups, basic principles of climate and climate change, and
installation and monitoring of climate stations. The Pl and her U.S. partner also installed two
microweather stations at each site to help determine whether climate has had an impact on
biodiversity. During the first data collections, student researchers followed and collected data
alongside CLPs, in order to ensure that CLP practices and data recording were accurate. Once
confirmed, CLPs independently collected data monthly for six months. Students from the University of
Antananarivo also collected biodiversity data in the same sites as the local community for comparison
purposes .

By comparing the species identified by local community members in the six protected areas, the



researchers found that community members were able to perform about as well as experts. The
results suggest that community members saw about as many species as experts (and on average, a bit
more). However, experts saw higher per species abundance on average, in large part because they saw
far more individuals of common species. The numbers of species encountered by the CLPs and experts
were almost the same across the four protected areas. On predicted species accumulation, after 150
days of monitoring effort, community members reached a plateau of improvement. Overall, the
project showed an improvement in the quality of data collected on biodiversity, both by the local
communities and by the park officials. This improvement was partly due to access to the identification
guides originally produced at the start of the project and partly thanks to enhanced data collection in
the field made by the PEER team and their trainees during the project.

The biodiversity monitoring method for this project has been adopted by each park. The monthly
rounds by local community members have led to a crackdown on unauthorized people roaming in the
protected areas, which may have reduced the number of trees illegally cut. Participating local
communities exchange visits in each protected area, which was notable as many people involved had
never traveled before. The exchange visits strengthened collaboration between the CLPs and the MNP
staff.

The concept of women working as part of the local park committee resulted in a heated discussion
during one exchange, as Andohahela National Park has eight female participants. That surprised CLPs
at other parks where women are not allowed to participate, and yet, based on women's effective
participation in this project, it is evident they are all as capable to work in conservation as men.
According to the Pl Dr. Randriamiharisoa, the women have been even more effective than the men in
raising awareness of the relevant issues. The CLPs received compensation for their participatory work,
and for some their earnings became their monthly source of income. Some participating community
members were able to increase their livestock or poultry and further their agricultural activities, others
were able to buy household supplies, while others used the funds to send their children to school.

The PEER team created and hosted a new workshop on structuring and cleaning databases and data
analysis that can serve as a new ecological training program. They presented their findings at the 2022
annual meeting of the Association for Tropical Biology and Conservation in Cartagena, Colombia, and
were awarded a new $79,000 grant from the Foundation for Protected Areas of Madagascar (FAPBM)
for a similar project focused on vegetation monitoring.
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MADAGASCAR - PROJECT 6-125: WILD AND EDIBLE INSECTS TO SUSTAIN FORESTS AND
FIGHT MALNUTRITION.

Pi: Andrianjaka Ravelomanana, Madagascar Biodiversity Center

U.S. Partner: Brian Fisher, California Academy of Sciences (Funded by the National
Science Foundation)

Dates: December 2017 — August 2021

PROJECT OVERVIEW:

Insects farmed for food can provide an environmentally sustainable and nutritious alternative to
traditional protein sources. Insects offer a greater range of nutrients than commonly consumed meats
and require a much smaller footprint to produce. In Madagascar, insects are an indispensable part of
seasonal diets for many ethnic groups. This research team aimed to strengthen the tradition of eating
insects with innovative techniques to make this valuable food resource available year-round while
encouraging forest conservation. Their method linked the benefits of insect farming with maintaining
a healthy, natural forest habitat. The project aimed to improve the diets of malnourished children by
promoting a farming system that increases the forest's value to local people.

The project evaluated suitable insect species for commercialization and created a knowledge bank of
edible insects in Madagascar. One species was chosen for protein powder production and another for
whole insect consumption. Researchers conducted experiments to determine optimal conditions for
commercial-scale farming, including an evaluation of biological cycles, nutrient content, and other
technical variables affecting farming costs and conservation impacts. They also assessed local attitudes
towards insect consumption to ensure the program's suitability for local markets. The research was
conducted in collaboration with local NGOs, the private sector, and a team of international mentors.

FINAL SUMMARY OF PROJECT ACTIVITIES

Insect farming releases much less greenhouse gas, methane, and ammonia than raising cattle and
pigs, and requires less water, less space, and less time. Those aspects alone are enough to promote
insects for human consumption and to start changing dietary behaviors. Improving the long-standing
Malagasy cultural attitudes towards edible insects and promoting their consumption were the main
goal of the project. The first two years were focused on gathering knowledge on edible insects and the
development of their farming techniques. For the Malagasy people, eating insects is part of their diet
but their popularity depends on the region, seasonality, and ethnic groups. Merina and Betsileo are
the main ethnic groups in the country with insects being part of their diet. Two graduate students
conducted research on this, and part of their commitment remains to publish at least two articles in a
scientific journal.

Overall, the project team's findings highlight that human activities with special concern to
deforestation associated with climate change are the main factors to the decline of the insect
population. This is the case for major edible insect species largely consumed such as sakondry (Zanna
tenebrosa) and the wild silkworm (Borocera cajani). In late December 2020 the Wildlife Conservation
Society in the National Park Makira gave the project team an opportunity to create a few pilot farms.
This is one of the team's current activities allowing the project to maximize links to conservation and
increasing the perceived value of forests. The team's research in this forest led to understand that the



availability and habitat destruction were the main cause of the entomophagy decrease. An important
step was also takenin terms of promotion of the project. The team engaged in different dissemination
activities including attending national events to promote new tools to fight malnutrition. The project
team recommend to use cricket powder and integrate its use into the national food policy.

The team produced 573 kg of cricket powder in 2020, with the same amount produced within the first
seven months in the following year. According to the PI, the local market promises new opportunities
and enhances the value of the project team's product due to the ongoing food security issues in the
south of Madagascar. The main buyer of the cricket powder, Catholic Relief Services, has maintained
its continuous procurement of cricket powder for schools, and new investment companies are
stepping forward showing their interest in the product.

In terms of cricket nutrient research, convincing consumers to embrace insect consumption is often
focused on reporting benefits of its nutrient levels, and lower land use requirements during their
production. It was important to highlight the epistemological aspect of consumer acceptance of
crickets as food. This step allowed the team to promote their product more effectively. During 2020,
the project team sold 85 kg to CRS for supplementing food in schools in the North and to the
Tuberculosis hospital in the South of Madagascar, while in 2021, the production grew to 100 kg

As for cricket powder production, the project team refined and developed their technique for large-
scale production of native crickets in the course of the project. They are now well positioned to share
the principles of cricket farming and will create a pilot farm in the south of Madagascar where the
need is the highest. In addition, the project team has received positive feedback from their partners,
Paradise Garden, regarding the efficiency of their bio-fertilizer produced from cricket frass. The team
produced 1.7 tons of frass, and half of this will be shared with local farmers. The remaining bio-
fertilizer will be used for reforestation in Manombo Forest, in the East of Madagascar.

For more information on how the idea of the project was conceived, see the article by Andy Isaacson
entitled Farming Insects to Save Lemurs.
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MALAWI

MALAWI - PROJECT 9-493: BRIDGING HIGHER EDUCATION AND PRACTICE:
ADDRESSING GENDER INEQUITY IN STEM AND SANITATION IN MALAWI

Pl: Brighton Chunga, Mzuzu University

U.S. Partner: Francis L. De Los Reyes lll, North Carolina State University (Funded by
the National Science Foundation)

Dates: April 2021 — September 2023

PROJECT OVERVIEW

Malawi faces significant challenges in the water and sanitation sector. Currently, household sanitation
in Malawi primarily consists of simple pit latrines, a basic hole in the ground often surrounded by an
enclosure made of local bricks and either a grass or iron sheet roof. Given the increase in population
density, this technology is pushed beyond capacity by both high-volume usage (requiring routine
emptying) and lack of space for the construction of new pits, especially in urban areas. Women and
girls in particular face health and safetyrisks, as they are primarily responsible for the management of
household sanitation and require adequate infrastructure for menstrual hygiene.

A well-trained, expert-led, sanitation sector is needed to meet this challenge. In Malawi, no university
offers a four-year bachelor’s degree in sanitation and currently, sanitation is only a topic in related
STEM degree programs. This project sought to improve sanitation in Malawi, particularly for women
and children, through improving gender equality in STEM education, particularly sanitation-focused
education, and fostering a more gender-inclusive sanitation policy.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Chunga and his team conducted a comprehensive investigation into the barriers or drivers of
gender inequity, especially in sanitationand STEM education in Malawi, starting from high school. The
researchers undertook this study in 15 out of 28 districts in the country, involving different high
schools categorized as rural, urban, peri-urban, and lakeshore. Among their findings was that while
sanitation plays a critical role in the public health and water resources sectors, there is no specific
undergraduate degree program in sanitation in any of the higher education institutions in Malawi.

The team therefore developed an undergraduate degree program in integrated sanitation at Mzuzu
University in the Department of Water and Sanitation, Faculty of Environmental Sciences. The
curriculum is specifically designed to address emerging issues in sanitation and public health in
Malawi: COVID-19, the prevalence of cholera, and flooding impacts due to climate change. The
program is being vetted by the university’s academic planning committee and other relevant units.
Once vetted, it will be rolled out in the next academic year, and the national regulatory body, the
National Council for Higher Education (NCHE), will be invited to accredit the program.

The team also organized a Girls Science Day at Mzuzu University in which 100 young girls from five
schools in Mzuzu City were taught lessons in Water Sanitation and Hygiene (WASH), took part in



science laboratory demonstrations, and talked to female college students who were studying science
and engineering. The PEER project also supported female postgraduate students with scholarships.

The researchers presented their findings at the 2nd Paris Conference on Education and published an
article. The Pl has received additional grants worth $28,000 to continue his research, and the project
has also led to another WASH-focused project funded by the National Science Foundation to support
field-based student research experiences in Malawi.
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MALAWI - PROJECT 1-307: SOIL CARBON DISTRIBUTION AND DYNAMICS IN MALAWI:
A UNIQUE OPPORTUNITY TO OPTIMIZE SUSTAINABLE LAND USE AND ENHANCE FOOD
SECURITY

Pl: Jimmy Namangale, Chancellor College

U.S. Partner: G. Philip Robertson, Michigan State University (Funded by the National
Science Foundation)

Dates: June 2012 — May 2015

PROJECT OVERVIEW

To ensure food security for the world’s burgeoning population and to cope with limited fossil fuel
supplies, it is essential to understand how resource-limited farmers can manage soil quality, especially
the levels of soil carbon, because of its key role in soil fertility and agricultural productivity. The
project aimed to revisit more than 1,000 soil sites in Malawi where soil carbon was quantified at
multiple depths in the 1990s to examine patterns of soil organic carbon storage. Such patterns are
critical to understanding ecosystem processes and its feedback to the atmospheric composition, rate
of climate change, soil fertility, and agricultural production. Carbon credits have been proposed as one
way to support African farmers while achieving soil conservation goals and reducing greenhouse gas
emissions, but there is a void of knowledge concerning soil carbon status on smallholder fields.

The goal of the project was to understand soil carbon spatio-temporal patterns and processes in
Malawi and explore the impact of agricultural land management as it relates to food productivity in
the country.

FINAL SUMMARY OF PROJECT ACTIVITIES

The research team excavated soil samples from a variety of sites and archived some for future use. In
collaboration with the Forest Research Institute of Malawi, researchers undertook a continual
chemical and carbon analysis of the soil samples,

Due to the insufficiency of the country coverage in the excavations, only the available baseline data
was used to come up with soil maps of Malawi, as this data had a larger coverage. The team also
interviewed farmers at soil excavation sites and two Master’s students in environmental science
finalized their dissertations during the project period.



MALAWI - PROJECT H1-5: INTRODUCING "OPTION B+" IN MALAWI: IMPACT ON
CHILD OUTCOMES

Pl: Frank Chimbwandira, Malawi Ministry of Health

U.S. Partner: Matthias Egger, University of Bern

Dates: May 2013 — April 2018

PROJECT OVERVIEW

In September 2011, Malawi introduced the “Option B+” strategy to prevent mother-to-child
transmission (MTCT) of HIV and started all pregnant and breastfeeding women on lifelong
antiretroviral therapy (ART), regardless of their clinical condition or CD4 cell count. Option B+ may also
reduce maternal morbidity and mortality, decrease transmission between serodiscordant partners,
and raise the rate of child survival by reducing HIV mother-to-child transmission and improving
maternal health. However, concerns have been raised about the implementation of Option B+,
acceptance of ART, and adherence and retention in care among Option B+ patients, who typically
initiate ART in the early asymptomatic stage of an HIV infection. This PEER research project evaluated
the Option B+ program in Malawi, identifying challenges to program success by determining and
describing the individual-, community- and health-system-level factors that limit or increase ART
uptake, adherence. and retention in care.

The researchers analyzed the effects of introducing Option B+ on HIV MTCT rates, HIV testing in
infants, ART initiation in children, ART adherence, loss to follow-up, and treatment changes among
women who started ART with an Option B+ indication. They also examined the associations between
PMTCT interventions and mother and child outcomes, such as HIV testing rates and obstetric and
newborn complications.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team digitized routinely collected paper-based antenatal care (ANC), maternity (MAT), and
HIV-exposed infants (HEC) records from 13 district hospitals, 2 central hospitals, 3 mission hospitals,
and 3 large health centers in central and southern Malawi. Data was double entered and cleaned.
Researchers also conducted focus groups and qualitative interviews with Option B+ patients and
health care providers. Key findings from the study included the following:

e There was a low rate of confirmed MTCT after the introduction of Option B+, but due to poor
retention only about one-half of HIV-infected children were diagnosed.

e One-third of women in the Option B+ program adhered inadequately during pregnancy and
breastfeeding, especially soon after delivery.

e Women who stayed on ART through breastfeeding are motivated to continue lifelong ART.

e HIV-exposed uninfected infants born in the Option B+ period experienced faster weight gain
than infants born before Option B+.

e Option B+ was more expensive than Option B, but despite the higher costs, Option B+ will
likely become a cost-effective strategy in the long term.



e Compared to women who started ART in WHO clinical stage 3 or 4 or with low CD4 cell count,
Option B+ patients who started ART during pregnancy were at a five times higher risk to be
lost to follow-up at the first follow-up visit.

e Retention on ART across all age groups improved in the early years but remained constant
thereafter, despite the burden posed by expansion of ART coverage on the healthcare system.

e The researchers found no association between stillbirth and timing of ART initiation.

The PI Dr. Chimbwandira contributed to the creation of a government working group on improving
Option B+ adherence. He and his colleagues also published several papers from their analyses and
presented results at both local events (National AIDS Commission and College of Medicine research
dissemination conferences) and international conferences (IAS, CROI, IWHOD). They collaborated with
partners involved in PMTCT programs and launched a knowledge-sharing platform for government
hospitals. The team co-organized a workshop with Mothers to Mothers on promoting translation of
PMTCT research into policy and established a PMTCT community of practice (CoP). The PEER project
leads wrote a policy brief that proposed strategies that could address the problem of sub-optimal
retention in care for Option B+.

The evidence from the PEER project has led to development of strategies aimed at improving
retention in care. For example, some research institutions have conducted interventional studies
where SMS reminders, expert clients, and mentor mothers have been piloted. The team also received
a new grant of $87,000 from the National Institutes of Health to supplement their analysis on growth
outcomes of HIV-exposed uninfected infants and cover the rest of their expenses.
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MALI - PROJECT 8-207: DEVELOPMENT OF HAY PRODUCTION TECHNIQUES FOR
LIVESTOCK FATTENING AND AGRO-PASTORAL RESILIENCE IN THE WESTERN SAHEL
OF MALI

Pl: Moussa Karembe, University of Sciences, Techniques, and Technologies of Bamako
(UTTB)

U.S. Partner: Niall Hanan, New Mexico State University (Funded by the National
Aeronautics and Space Administration)

Dates: December 2019 — June 2021

PROJECT OVERVIEW:

The objectives of this project were to strengthen the economic development, food security, and
resilience of rural pastoral and agro-pastoral communities in the Western Sahel of Mali. Specifically,
the principal investigator and his colleagues designed and implemented demonstration projects in the
administrative districts of Koutiala and Yorosso (Region of Sikasso) and Nioro and Diéma (Region of
Kayes), providing rural pastoralists and agro-pastoralists with new strategies for small ruminant well-
being during the late dry season (or “lean season”), when lack of forage, high livestock mortality, and
animal weight loss and reproductive failure are common problems faced by Sahelian producers.

The project began with an assessment of animal nutrition and an economic cost-benefit analysis of
hay and/or silage production across a rainfall gradient from the dry Sahel to the mesic Sudanian
savannas. The researchers then examined the potential interactions between herbaceous production
and nutritional status across the gradient climatic that might favor hay production over silage, or vice
versa. They also developed and implemented methods to monitor land use and forage production in
the grazing lands of southern Mali using available satellite data and cloud-based computation.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project demonstrated the production opportunities for highly nutritional hay if the biomass is
harvested at the end of the rainy season to rural pastoral communities in the Sahelian zones of Diéma
and Nioro. This is in contrast to herders of the Sudanese zones, Koutiala and Yorosso, where pastures
are rare and of low nutritional value. Herders in these zones were shown that they must cultivate
forages during rainy the season in order to provide supplemental feed for their animals during the dry
season. Doing so will allow small producers to improve the health, growth, and reproducibility of their
animals, and therefore the nutritional well-being of their families, during difficult times. The
preliminary results and overall project objectives were shared with stakeholders and received media
coverage, thereby reaching a greater number of communities, as well as highlighting how its adoption
may protect these communities and the environment by reducing late season bush fires.

The project also contributed to reducing unemployment among young graduates from the livestock
sector who did their end-of-cycle internship for the project. After acquiring experience with the
project, they moved to promoting innovation in the livestock sector and increasing the value chain in
the Sahel.



Additionally, through the project, the team was able to strengthen inter-university collaboration
between the UTTB of Mali and the University of Abomey-Calvi of Benin. Promising ideas have been
developed for joint research and student exchange programs.
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MALI - PROJECT 8-102: PRODUCTION OF COMMERCIAL BIOPLASTIC-BASED
BIOPESTICIDE TO CONTROL AFLATOXIN CONTAMINATION IN CROPS

PlI: Amadou Hamadoun Babana, University of Sciences, Techniques, and
Technologies of Bamako

U.S. Partner: Hamed K. Abbas, United States Department of Agriculture/ Agricultural
Research Service

Dates: August 2020 — November 2021

PROJECT OVERVIEW

Peanut and maize are important crops in West Africa, mainly due to their contribution to poverty
reduction and food security, but contamination of these crops by aflatoxins, produced mainly by
Aspergillus flavus, constitutes a major constraint. Because of the compound’s high toxicity, the
European Union has banned the import of peanuts with an aflatoxin content above 4 pg/kg, restricting
African peanuts in international trade and raising important health concerns in West Africa and
elsewhere for those exposed to these toxins at high levels.

Scientists from the PI’s institution have shown that a locally isolated Bacillus sphaericus OP6 inhibits
fungal growth and aflatoxin production by more than 90% under laboratory conditions but was less
effective on peanut crops under field conditions. Granules of bioplastic (cornstarch-based material)
have been investigated as an alternative nutritive carrier for biocontrol microbes and compounds. The
primary goal of this PEER project was production of commercial bioplastic-based biopesticide to
control aflatoxin contamination of crops in Africa, improving the peanut production sector, lowering
pesticide expenses, and alleviating smallholder poverty, including women peanut farmers. This project
builds on the research experiences of the Pl and his project team, as well as a previous PEER grant.

The project sought to include women in the bioplastic biopesticide production and commercialization
processes and ensure that they have access to training on the technology. Techniques and
technologies developed in this project with peanut farmers can be readily transferable to other crops
such as cereals, and relationships developed with farmers built trust to enhance farmer amenability to
the adoption of other sustainable agriculture practices.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers isolated an Aspergillus flavus strain that cannot produce aflatoxin and Cyclopropionic
acid (CPA). With training from the U.S. partner, they produced potato starch bioplastic and formulated
bioplastic-based biopesticides containing atoxigenic Aspergillus flavus or the Bacillus sphaericus OP6
spores.

Twenty-five farmers participated in the biopesticide field test, and more than two hundred farmers
attended field visits to see results. Results showed that the use of these biopesticides led to the
production of peanuts and maize with aflatoxin contents lower than the European standard. The PEER
team presented their findings at universities, the Malian Academy of Science, and for farmers,
researchers and agricultural dealers. They also organized workshops and a training course, which


https://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_174205

attracted participants from more than 40 stakeholder institutions in the country on biopesticides for
cereal crops.

The Pl received two new grants, worth a total of about $220,000, for related work from the
Competitive Fund for Research and Technological Innovation (FCRIT). The project results attracted
significant attention, and the president of the Malian Association of Users of Research Results
contacted the team seeking more information and to obtain the biopesticide, which is now in great
demand among peanut producers from the testing phase. After two working sessions, they decided to
aim to provide the biopesticide to all producers in the major peanut and maize production areas in
Mali. The team met with a biopesticide production company collaborating with the association to
facilitate expanded access to the biopesticide. Another biopesticide production company also
expressed interest in the product and decided to participate in further field tests. If the results are
proven in these additional tests, the company plans to provide financial support to improve the
biopesticide further.



MALI - PROJECT 6-157: EVALUATION STUDY OF THE USE OF DIGITAL TECHNOLOGIES
FOR AGRICULTURE AND FOOD SECURITY IN MALI

PI: Amadou Sidibé, Institute Politechnique Rural Katibougou

U.S. Partner: Laura Schmitt Olabisi, Michigan State University (Funded by the National
Science Foundation)

Dates: January 2018 — October 2019

PROJECT OVERVIEW

Research on technology in a developing world context, particularly in Africa, is sparse, with studies on
technology adoption and diffusion focusing mainly on descriptive statistics. However, such statistics
do not offer much insight into the process of technology adoption or productivity growth. This project
aimed to contribute to theoretical and methodological perspectives on innovation and technology
development in Mali. The research focused on understanding not only which digital technologies fit
into specific socioeconomic contexts but also the enabling conditions required for their inclusive use
across scales.

The NSF-funded project headed by the U.S. partner studied the drivers of food insecurity in West
Africa using a participatory modeling approach. Stakeholders at national and local levels were involved
in the modeling process and in identifying drivers of food security and coping mechanisms for food
insecurity. Digital technologies were proposed in Mali as partial solutions to food insecurity. For
example, mobile phones were used to guide farmer decision-making through expert advice on issues
such as the right period for sowing crops and market information like the price and demand for
different crops. Digital technologies, combining mobile phones and remote sensing, provided
extension services, improved agriculture statistics compilation, and helped define and document land
rights, reducing conflict and improving tenure security.

The NSF-supported project incorporated data collected under this PEER project to determine the
effectiveness of these technologies under different conditions. This PEER project sought to yeald
important insights into how farmers altered their decisions after receiving enhanced information,
helping to refine the agent-based models under the U.S. partner’s project.

FINAL SUMMARY OF PROJECT ACTIVITIES

The main conclusion as highlighted in a paper under review at the time of the final project report was
that the development of new technology is not a panacea but the beginning of a long process of
matching the intention of designers and the need and desire of users. The uptake and use of
technology are therefore a collective performance built around an iterative process of trials, errors,
and redesign. The technology diffusion and intake could make a leapfrog if a feedback mechanism
between the design and the use is clearly established at the onset and integrated into the diffusion
and the adoption process. It is essential to consider that the technology is designed with embodied
intentions that need to engage in open discussions and accommodate the needs, aspirations, and
desires of the users driven by specific socioeconomic conditions different from the designers ‘ones
and in which the technology is introduced. In short, the adaptation of technology to users’ conditions
and aspirations is essential for technology intake.



One positive outcome of their research is that it allowed different stakeholders to jointly discuss the
issues of concern around the use of digital technologies. This raised the awareness difference in
expectation between stakeholders. For instance, the local telephone company learned of the need to
enlarge the network coverage and take additional measures for widespread use of the services they
provide including adapting the services to socioeconomic conditions of users in terms cost, as well as,
the nature and the quality of the service. Their feedback events pointed to the need for the telephone
company to consider the way they communicate with farmers the users of technologies.
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MALI - PROJECT 6-142: IMPROVING PARKLAND MANAGEMENT AND AGRICULTURE
USING UAV TECHNOLOGY IN MALI

Pl: Fadiala Dembele, Institute Politechnique Rural Katibougou

U.S. Partner: Paul Laris, California State University, Long Beach (Funded by the National
Science Foundation)

Dates: May 2018 — October 2019

PROJECT OVERVIEW:

This research integrated new theories of disequilibrium ecology and human land use practices to
develop a human-ecological model of savanna dynamics. In particular, the study integrated
anthropogenic disturbance regimes and disequilibrium ecology principles to determine their impacts
on tree establishment and growth. Answers to these questions have clear implications for tree cover,
carbon sequestration, and human livelihoods, especially for women, who most often gather, utilize,
and sell valued tree products. This study aimed to provide valuable baseline data on tree phenology
for an understudied part of the world, and it addressed questions pertaining to the basic science of
savanna ecology by answering fundamental questions about competition between grasses and trees at
different life-cycle phases. This project advanced human ecology by integrating it with disequilibrium
savanna ecological theory to quantify how particular human activities affect plant distributions and
vegetation characteristics. It produced spatially and temporally explicit evidence of landscape change
and clarified processes through which human activities have affected vegetation characteristics. This
study also advanced biogeography by clarifying how socioeconomic and biophysical factors contribute
to range expansion for tropical tree species. Finally, this research suggested practical strategies to
conserve and enhance parkland vegetation, based on the relationships between indigenous
management practices and vegetation diversity. Natural resource management laws in West Africa
often emphasize prohibiting particular activities even though the basis for such prohibitions are poorly
grounded in scientific or local knowledge of ecological processes. By identifying processes that
contribute to parkland development, this project ultimately aimed to improve management of
renewable resources, biodiversity, and sequestered carbon.

FINAL SUMMARY OF PROJECT ACTIVITIES

The main aim of this project was to provide valuable baseline data on tree phenology for an
understudied part of the world and address questions pertaining to the basic science of savanna
ecology by answering fundamental questions about competition between grasses and trees at
different life-cycle phases. The project was divided into two themes with students assigned to each
The first theme focused on growth monitoring of select wood energy species in the experimental sites
in the territory of Tabou, Kati Cercle, and Faradielé, Bougouni Cercle. The other theme was the
characterization of the initial state of woody vegetation in the experimental site of in the Kita Cercle.
For each student related to the theme, the PI helped establish a study protocol or detailed plan for the
students' dissertations. Each student was provided with the reports of the papers made in the
laboratory for the bibliographic review.

The project team conducted a field survey to select the trial site. After selecting the site,
they delineated the location of the experimental device and installed the fence surrounding the four



fire treatment zones (Early Fire, Middle Fire, Late Fire, and No Fire). The experimental device is a
mono-factorial device, and the only factor studied is the land management mode comprising 8
treatments with 3 repetitions each for a total of 24 unit plots. Each unit parcel covered an area of 20
square meters. In each unit parcel, the researchers carried out a floristic inventory of ligneous species
to determine the initial state of the biodiversity of the ligneous trees and to see how the 8 treatments
will influence this diversity over time. They also carried out a dendrometric inventory to determine the
initial state of density, structure, and wood production expressed in volume of wood in the site. In
time they will observe how the 8 treatments will act differently on all these parameters of woody
vegetation in the Kita site. After a few years of experience, the results will inform them about the best
treatments to be distributed in order to better manage the wood resources by the rural populations
for the satisfaction of their need of wood energy, timber, and agro-forestry species.

The Pl and team met with the staff of the National Directorate of Water and Forests (DNEF) and its
services, including the Global Alliance for Climate Change (AGCC). The Water and Forests staff were
interested in the use of UAVs in the monitoring and inventory of woody resources in classified forests
in Mali. The Pl will continue working with his U.S. partner on ongoing activities at their three test sites,
and the data collected will strengthen their databases. They plan to publish articles from the data they
have collected on tree treatments.
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MALI - PROJECT 5-148: MORE RICE FOR AFRICA: ENHANCING SMALLHOLDER
FARMERS’ RICE YIELDS IN AFRICA THROUGH THE USE OF EFFICIENT AND LOW COST
ENDOPHYTIC ACTINOMYCETES BIOPESTICIDE

PI: Amadou Babana, University of Sciences, Techniques and Technologies of Bamako
(Usttb)

U.S. Partners: David Weller, U.S. Department of Agriculture/ Agricultural Research
Service, and Dr. Linda Kinkel, University of Minnesota

Dates: December 2016 — December 2019

PROJECT OVERVIEW

Rice is a crucial and strategic cereal crop for more than half of the population in sub-Saharan Africa,
particularly in Mali. Unfortunately, diseases, primarily bacterial leaf blight and rice yellow mottle virus
disease, cause the average rice yield to be below the global average. Chemical pesticides can control
pathogen growth and dispersal and improve rice yield, but their high cost and harmful effects on
human health and the environment limit their use in smallholder rice farms. Endophytic bacteria,
which have been shown to promote plant growth or pathogen suppression or to activate plant defense
systems, can benefit plants through enhanced resistance to biotic and abiotic stresses and plant
growth promotion. The use of these bacteria for disease management has great potential in the
agricultural systems of West Africa.

This PEER project sought to increase food security in Mali through the production and integration of
environmentally friendly endophytic bacterial biopesticides into rice production systems. Researchers
produced a low-cost biopesticide and a strategy for long-term sustainable rice pathogen biocontrol
technology, tested by smallholder rice farmers in Africa.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Babana and his colleagues collected baseline information from farmers, traders, and pesticide
processors on crop production parameters, including area under rice cultivation, land tenure
arrangements, varieties of rice cultivated, rice cropping systems, and cost of rice production. They
installed endophytic inoculum production facilities at the PI’s institution, where they formulated
biopesticides from selected endophytes. The team also organized training courses for farmers and local
technicians on modern biopesticides.

The researchers tested their formulation on plots infested with rice gail midge, seeing a 278% increase
in rice production in plots treated with the biopesticides versus the control plots. The biopesticide was
also efficient in controlling rice yellow mottle virus and bacterial blight. The PEER team also started
producing the biopesticides for farmers’ field demo trials supervised by Office des Périmétre irrigués
de Baguineda (OPIB) technicians and took soil and plant samples to analyze their microbiome. More
than 100 rural women, agriculture technicians, OPIB, and Office du Niger staff members were trained
on the biopesticides. The success of the project attracted women farmers’ associations, which have
prepared a business plan and proposal to finance, in part, at least one biopesticide production unit.



The PEER team visited the University of Minnesota, to share their results and plan future research, as
well as meet researchers working at the Plant Pathology Department. A bioinformatics student on the
team stayed for five months to sequence and analyze DNA from the soil and plant samples. U.S. co-
partner Stephen Machado also visited Mali to train farmers in business planning and biochar
production to support biopesticide production. The PEER team also shared their results through two
published articles and several technical presentations, as well as multiple meetings with farmers and
government agricultural agencies. They received many requests from rice smallholder farmers for
biopesticides for the following growing season. A journalist from the French network Radio France
Internationale visited the experimental fields and did reports on the biopesticide that were published
in Morocco, France, and Switzerland. During the project period, the Pl and team received several
additional grants to continue their work, for a total of $500,000, and Dr. Babana also received a new
award under PEER Cycle 8 to continue the work.
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MALI - PROJECT H1-85: OPTIMIZATION OF SMC DELIVERY AND ITS EFFECTS ON THE
ACQUISITION OF MALARIA IMMUNITY

Pl: Alassane Dicko, University of Bamako

U.S. Partner: Patrick Duffy, National Institute of Allergy and Infectious Diseases
(Funded by the National Institutes of Health)

Dates: February 2014 — April 2019

PROJECT OVERVIEW

Malaria is the leading cause of morbidity and mortality in Mali. Despite effective implementation of
usual control measures such as insecticide treated nets (ITN) and artemisinin combination therapy
(ACT) malaria remains the number one killer in Mali. Seasonal Malaria Chemoprevention (SMC),
previously known as Intermittent Preventive Treatment of Malaria in children, reduces malaria
infection and disease by more 80% in Malian children, prompting the WHO to approve SMC as policy
for countries with seasonal malaria transmission, such as Mali, in March 2012. The strategy is a highly
cost-effective approach to reduce childhood mortality in these areas. Despite the huge benefit of the
SMC on malaria infection and disease, the optimal approach to deliver SMC remains to be determined
and there is no data on the long-term effect of this strategy on the development of immunity to
malaria. The objectives of this study were to identify the most effective method to deliver SMC and to
obtain information on the long-term impact of SMC on malaria immunity. The design was a cluster-
randomized trial over three years. By using a step-wedge design, the investigators aimed to (1)
determine the optimal mode (fixed-point (FPD) vs door-to-door delivery (DDD); directly observed
treatment (DOT) vs. non-DOT (NDOT)) and frequency (3 vs. 4 doses per season) of SMC delivery; and
(2) to compare quantitative measures of immunity in children who do and do not receive SMC over a
three year period. The anticipated outcome of the study was a qualified optimal approach to deliver
SMC in Mali, and an expanded understanding of its impact on health outcomes and antimalarial
immunity.

FINAL SUMMARY OF PROJECT ACTIVITIES
The key objectives of the project were achieved and include the following:

e Determination of the optimal delivery method for SMC: The study demonstrated that door-to-
door delivery method resulted in higher coverage compared to fixed-point delivery.
Consequently, the government changed the SMC delivery method, leading to increased
coverage and better protection against malaria. The findings were published in PloS One.

e Assessment of the long-term impact of SMC on malaria immunity: Research showed that
administering antimalarials through SMC for 3 or 4 years did not decrease IgG levels to key
malaria antigens. These results were published in Malaria J with additional findings in
preparation.

e Assessment of the long-term impact of SMC on resistance to P. falciparum: Molecular analysis
indicated that 2-3 years of SMC did not increase the frequency of molecular markers



associated with resistance to SMC drugs. However, the detection of the dhps 581G mutation
warrants further surveillance.

These findings were presented at national and international meetings, influencing policy discussions
on malaria control strategies.
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MOZAMBIQUE

MOZAMBIQUE - PROJECT 8-173: UNDERSTANDING INTERACTIONS BETWEEN PEOPLE,
ELEPHANTS AND FIRES IN THE MIOMBO WOODLANDS OF NIASSA NATIONAL
RESERVE IN SUPPORT OF BIODIVERSITY CONSERVATION ACTION

Pl: Natasha Ribeiro, Eduardo Mondlane University

U.S. Partner: Fernando Sedano, University of Maryland, College Park (Funded by the
National Aeronautics and Space Administration)

Dates: November 2019 — February 2022

PROJECT OVERVIEW

The Miombo woodlands are the most extensive ecosystem in southern Africa, representing an
important repository of biodiversity and providing critical goods and services for about 80% of both
rural and urban populations in the area. Their ecology is largely determined by a combination of soils,
climate, and disturbances, such as fire and herbivory by elephants. The Niassa National Reserve (NNR)
is the largest protected area in Mozambique, supporting extensive Miombo woodlands and the largest
elephant population in the country. About 60,000 people in the area depend on forest resources,
relying on fire as a management tool.

This PEER project sought to improve our understanding about the interaction between people, fires,
elephants, and habitat in the NNR in support of management actions to counteract the downward
trend in elephant population due to poaching. The PI Dr. Ribeiro and her team integrated ground and
aerial observations with multisensory and multitemporal remote sensing data to map, analyze, and
characterize Miombo habitats for elephants. The mapping tool produced in this study will be made
available to the reserve authorities to quickly assess changes in habitat distribution and quality and
ultimately improve adaptive management actions.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers developed maps of fire frequency and elephant distribution produced, modeling the
spatial distribution of elephants based on habitat characteristics and human activities. The team
showed that human activities (including fires) concentrated elephants in particular places. While the
combination of fire and elephants produces a range of responses of the ecosystem, overall, the
combination of high fire frequency and elephant density produces a more homogeneous woodland.
The researchers found these effects were more prominent at the regeneration level, with a significant
reduction in species abundance as a result of fires and elephants.

With their research, the PEER team contributed to the fire management plan at the NNR, including
traditional knowledge on fires. One of the team members was hired to support fire management
activities, and the project supported three Master’sand two PhD theses. The team also received a new
grant from BIOFUND to extend their research to Gile National Park in Mozambique, as well as two
additional grants for a total of $350,000.



MOZAMBIQUE - PROJECT 2-156: ECOSYSTEM CARBON ANALYTICAL LABORATORY
Pi: Salomao Bandeira, Universidade Eduardo Mondlane

U.S. Partner: llka C. Feller, Smithsonian Environmental Research Center

Dates: August 2013 — July 2015

PROJECT OVERVIEW

In contrast to the standard PEER projects aimed at supporting research efforts, this project was
focused on upgrading the research infrastructure to facilitate future research. Specifically, the project
aimed to develop an Ecosystem Carbon Analytical Laboratory (ECAL) at Universidade Eduardo
Mondlane in Mozambique. With new equipment purchased with PEER funds, Dr. Bandeira and his
team would be able to complete quantitative analyses of carbon content of vegetation, soil, and
sediment, supporting a range of complex research associated with climate change, sustainable
agriculture and forestry, and bioenergy. Beyond the enhanced equipment, the project was designed to
provide a facility for education and training, as well as facilitate increased opportunities for
collaboration. Building the lab provided the foundation for subsequent work to assess fluxes of carbon
in upland and wetland ecosystems in Mozambique and other East African countries, including pilot
Mangrove REDD+ projects in Mozambique, an initiative that would simultaneously address climate
change mitigation and mangrove conservation.

FINAL SUMMARY OF PROJECT ACTIVITIES

As part of the lab set-up, PEER team members installed a CHNSO flash analyzer, one of the first of its
kind in eastern Africa, as well as additional equipment used in carbon analysis. Several team members
were trained in the use of the analyzer, including one designated permanently in charge of the lab.
PEER team members also made technical presentations at an Africa PEER meeting, a forum for
mangrove research and studies on carbon dynamics and mangrove conservation, and a workshop on
mangrove carbon in the Zambezi delta.

Dr. Bandeira reports that the new lab will be extremely useful in supporting his university’s
participation in two ongoing projects. One is a USAID-funded mangrove rehabilitation program (CCAP
USAID) in central and northern Mozambique. It involves replanting and monitoring mangrove forests
around Quelimane city, as well as studying the carbon budgets of the forest and how they vary with
different forest ages and conditions. The other initiative is the PEMBA Climate Change Adaptation
Program, which is designed to improve our understanding of vulnerabilities and areas of intervention,
looking at habitat and carbon among other socio-ecological questions. The new lab is also encouraging
more Mozambican graduate students to complete thesis research on mangrove carbon stocks and
other ecosystems, as well as strengthening the efforts of researchers in the university’s marine biology

group.



MOZAMBIQUE - PROJECT H1-64: REDUCING LOSS-TO-FOLLOW-UP AMONG HIV-
EXPOSED INFANTS IN CENTRAL MOZAMBIQUE

Pl: Lucia Da Costa Vieira, Beira Operations Research Center (CIOB)

U.S. Partner: James Pfeiffer, University of Washington (Funded by the National
Institutes of Health)

Dates: October 2013 — September 2020

PROJECT OVERVIEW

Diagnosis and care for children exposed to HIV remains a major challenge throughout the developing
world. Identifying HIV-exposed infants, diagnosing HIV infection and starting HIV-positive infants on
treatment requires a well-coordinated care cascade. This care cascade has proven challenging in many
developing countries, including Mozambique. Preliminary research suggests that the current system in
Manica and Sofala Provinces in Mozambique retain less than 50% of HIV-exposed infants in
appropriate care. Failure to properly identify and treat HIV-positive infants contributes to childhood
morbidity and mortality. In addition, the problem of vertical HIV transmission is compounded by
limited access to family planning services for HIV-positive women. In Manica and Sofala Province, only
13% of women use family planning methods. In 2012, the WHO adopted a “test-and-treat” approach,
referred to as “Option B+”, that seeks to streamline the treatment cascade by starting ART in all HIV-
positive women at the time of diagnosis in antenatal care services (ANC) regardless of CD4 count to
avoid delays and multiple visits that contribute to LTFU. The new Option B+ approach has been
adopted by the Ministry of Health (MoH) in Mozambique and is in the early phases of
implementation. In Mozambique, antenatal care (ANC) and HIV testing coverage is high but there is
substantial loss-to-follow-up (LTFU) at successive stages in the treatment cascade, limited counseling
for women and many barriers to actively tracking those women lost to follow-up. Early Ministry of
Health data suggests significant challenges remain for long-term adherence for women started on ART
via the new Option B+ framework in Manica and Sofala provinces and throughout Mozambique.

This project built off an existing NIH grant— a clustered (facility) randomized controlled implementation
science trial to improve the rollout of “Option B+”, in which HIV positive pregnant women initiate ART
during pregnancy regardless of CD4 count and continue treatment for life. The objectives of this study
were to identify causes of loss-to-follow-up of HIV-exposed infants in care cascade and barriers to
family planning access and then design and implement an intervention that will increase the
proportion of infants tested for HIV and enrolled in pediatric HIV care as well as increase the
proportion of HIV-positive women receiving family planning services. This study identified causes of
loss-to-follow-up of HIV-exposed infants in the care cascade and barriers to family planning access
through qualitative and quantitative formative research. In close collaboration with the Ministry of
Health, the investigators designed an intervention based on formative research findings that utilizes
three core components: enhanced system tracking and linkages for HIV-exposed infants, improved
counseling for infant caregivers regarding appropriate care for HIV-exposed and HIV-positive infants,
and integration of family planning counseling in well child, postpartum and child at risk clinic visits.
Once this intervention was developed, the study team implemented it through a clustered (facility-
level) randomized controlled trial using a stepped-wedge design to test the effectiveness of the
intervention.



FINAL SUMMARY OF PROJECT ACTIVITIES

This project proved to be a success in a informing government policy makers on methods to reduce
follow-up loss of HIV exposed infants in the country. The intervention sought to improve the retention
of the exposed children who have initiated Highly active antiretroviral therapy (HAART) at healthcare
facilities and strengthen the link between CPP (post-partum clinic) visits and CCR (children at risk care).
The study used community health workers to help the health centers track exposed children and their
mothers, as well as cell phones to remind them to return to the health center and to find them if they
do not return. The team conducted interventions in six healthcare facilities, arranging

numerous Mother-to-Mother group meetings total, working out of each health unit. These aim to
share information, challenges, and provide peer-to-peer mentoring, as well as knowledge transfer
from health facility staff to mothers at risk. The team also met with study staff at each facility, as well
as provided trainings to health professionals on how to follow-up children who were exposed to HIV.

To strengthen the quality of ARV programs in Manica and Sofala provinces, the study team conducted
several meetings with the key DPS (Health Provincial Directorate) and other leaders of mother and
child and HIV programs about the intervention and the lessons learned throughout the
implementation of the research. The health centers in these provinces were receptive to the project
results and have implemented the intervention for reducing loss-to follow-up among HIV exposed
infants as standard practice. In Maputo dissemination was conducted at the MoH National Directorate
of Public Health board meeting. By meeting with all heads of the public health departments, the team
was able to transmit the results of the outcome to those who are the key policy makers and have the
power to change health policy. The team was pleased to receive the news that the Health Ministry is
starting HAART in CCR, which was one of the main recommendations to the Ministry of Health.

The team also organized the first CIOB Conference on maternal and child health. The conference was
held in Manica Province, and all institutions and NGOs operating in the area of maternal and child
health were invited to submit their work. Additionally, every three years the Mozambique MoH
(Ministry of Health) organizes a national health conference. The team presented the formative results
in 2015 and intervention results in 2018.
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NIGERIA

NIGERIA - PROJECT 3-208: SYSTEMS ENGINEERING PERSPECTIVE ON POWER
TRANSMISSION FOR NIGERIA

Pl: Adegoke Melodi with Co-Pl Olatubosun Olabode, The Federal University of
Technology, Akure

U.S. Partner: Kevin Tomsovic, University of Tennessee (Funded by the National
Science Foundation)

Dates: September 2014 — November 2018

PROJECT OVERVIEW

The aim of this project was to develop an algorithmic model for planning transmission expansion or
development in order to achieve acceptable reliability of transmission and maximize cost-benefit ratio
of transmission operations under the growing deregulated operating environment of Nigeria and the
probabilistic factors affecting power transmission-demand relationship. It is expected that the model
would be applicable to power distribution as well. Primarily, the model would enable a dynamic
planning process for providing optimal plan options, applicable for implementing transmission
installations and operations that will prevent recurrence of historically unreliable transmission
problems in Nigeria under a State-regulated environment and ensure sustainable service for the
Transmission Company of Nigeria (TCN) under deregulated conditions. The novel concept in this
project included the application of a value base reliability approach to transmission expansion
planning (TEP) of the Nigerian power transmission network, which was embedded in a developed
multi-stage and multi-objective optimization algorithm for the transmission planning. This concept
used a state-of-the-art optimization procedure and a new congestion index.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Pl and his project team obtained system data from Transmission Company of Nigeria (TCN) that
spanned 2000 to 2014 and covered 2014 network parameters, 2000-2014 bulk supply load records,
generation data, 2005-2007 and 2010-2014 line outage data. The data were compiled using software
and applied in subsequent tasks. Load dynamics for each TN bus from 2000-2014 were obtained from
data sorting and consolidation of monthly records and generation and load data for each region were
analyzed quantitatively. Population data was obtained from the Nigerian Population Census agency
and was compiled for regions. Forecasts based on Probabilistic Time series Load Dynamics with Monte
Carlo random variable concept were generated.

The specified historical transmission network data, obtained from TCN was applied in achieving the
specific objective of obtaining probabilistic load forecasts using Monte Carlo, Artificial Neural
Networks, and Fuzzy Logic. Based on the first results, the Pl and his team presented and published the
peer-reviewed conference paper “Probabilistic Long-Term Load Forecast for Nigerian Bulk Power
Transmission System Expansion Planning” in the 2016 PowerAfrica proceedings and IEEEXplore.

Based on a second probabilistic forecast results, a journal paper “Specific System Random Load
Forecasts and Loadflow Responses on Nigerian 330 kV 38-bus Transmission Grid” was peer reviewed
and published in the Journal of Engineering Research in Africa. One of the students of the project



successfully defended his thesis, “Development of a Probabilistic Transmission Expansion Planning
Model for Nigerian 330 kV Transmission Grid.”

The project team has shared results with the power transmission industry, engineers, academia, and
the national regulatory body, and they continue to coordinate with these stakeholders post project.
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NIGERIA - PROJECT 2-504: IMPROVING YAM (DIOSCOREA SPP.) SEED SYSTEMS
THROUGH PRODUCTION OF DORMANCY-CONTROLLED SEED TUBERS IN
TEMPORARY IMMERSION BIOREACTORS

Pl: Morufat Balogun, University of Ibadan

U.S. Partner: Wayne Curtis, The Pennsylvania State University (Funded by the
National Science Foundation)

Dates: September 2013 — July 2015

PROJECT OVERVIEW

The production of yams, which are a food security and poverty alleviation staple in West Africa, is
constrained by scarcity of planting materials and low multiplication rates, which account for up to 63%
of production cost. Tuber dormancy also hampers out-of-season production, while uncontrolled
sprouting after dormancy causes storage losses. The use of temporary immersion bioreactors in in-
vitro cultures has been recognized as a means to improve plant propagation in other crops, and the
idea is adaptable to hundreds of species. Temporary immersion facilitates scale-up of propagation of
large masses of plant tissue, which is useful because it does not require costly agar, reduces
contamination in cultures, and provides a means for sequential manipulation of the nutrient medium
at different developmental stages with minimal labor input.

The goal of this PEER project was to identify optimum conditions for production of seed tubers of
white yam whose dormancy can be efficiently controlled. This research sought optimized protocols for
seed yam production and increased seed supply and quantities. The immediate uses of the research
results included micropropagation of disease-free plantlets, in vitro conservation of plantlets without
losses associated with field collections, and in vitro evaluation of yield in transgenic yam. The potential
uses of the results include out-of-season production and extension of the storage cycle. Ultimately, the
overarching anticipated development impact is enhanced yam productivity will help feed Nigerians
while also empowering them through trade.

FINAL SUMMARY OF PROJECT ACTIVITIES

The research team studied the growth of yam seeds in Temporary Immersion Bioreactors (TIBs) with
various levels of sucrose and carbon dioxide. A sucrose medium formed more new nodes for a longer
time than TIBs containing no sucrose. The team also tested different Co2 levels and the use of artificial
and natural light in greenhouses. The healthy tubers from the initial harvest broke dormancy and were
planted several months later. The team grew a total of 1167 plantlets both in conventional tissue
culture and in the bioreactors, and tested automation of the TIBs.

The PEER team held a stakeholder workshop to discuss their results and yam production issues. A total
of 165 participants were drawn from academia, farmers, civil society groups, ministries, international
organization, media, and government agencies at all levels. The use of temporary immersion
bioreactors in order to speed up production of yam was hailed as a welcome development. Attendees
offered a variety of comments on adjusting the technology or needed wider developments in Nigeria’s
yam market, including support and education for youth and for smaller farmers, as well as cheaper and
more reliable sources of power to manage the TIBs given irregular electricity.



The curriculum of an existing course for Master’s degree students at the PI’s institution now includes
storage technologies, in vitro conservation, cryopreservation and freeze-drying. This was prompted by
the increased visibility of the possibilities offered by in vitro techniques during the PEER project.
Highlighting the importance of the work, in 2015 Dr. Balogun was also recognized as one of Nigeria's

50 most distinguished professionals in the Guardian newspapers, including a write up on yam
research.



NIGERIA - PROJECT 2-463: RENEWABLE ENERGY: DESKTOP LEARNING MODULE FOR
GASIFICATION PROCESSES

Pl: Idris Bugaje, National Research Institute for Chemical Technology

U.S. Partner: Bernard J. Van Wie, Washington State University (Funded by the
National Science Foundation)

Dates: October 2013 — March 2017

PROJECT OVERVIEW

Gasification is a promising process for commercialization of drop-in fuels produced from renewable
sources, but it is also a complex process that can be difficult to comprehend. The research of the U.S.
partner Dr. Van Wie has shown that Desktop Learning Modules (DLM) in engineering education
increase conceptualization. This PEER project built on Dr. Van Wie’s previous work by developing a
DLM system for a gasifier process. The DLMs created introduce students and researchers to the field of
gasification and enhance their understanding of the process.

The PEER team designed the process to work in Nigeria, including making it self-contained and self-
powered, so it can work in domains where electricity and water utilities are intermittent or even non-
functional—places where renewable energy is most needed. The researchers designed an inexpensive
teaching and learning device that can be used worldwide, especially in programs with low budgets and
less than desirable access to utilities. They tested the learning modules, using them as an instructional
guide for teaching the concept of gasification with application to industrial processes. This is especially
useful to engineering students temporarily attending the National Research Institute for Chemical
Technology on industrial attachment.

FINAL SUMMARY OF PROJECT ACTIVITIES

Team members began by surveying literature relating to gasification principles and design and
completed a one-week training on the Aspen Plus simulation package. The U.S. partners helped create
the gasifier design for the module. One of the key team members, Dr. Abdulazeez Atta, participated in
a workshop on science diplomacy organized by the American Association for the Advancement of
Science and others, while both Dr. Idris Bugaje and Dr. Atta participated in the PEER Participants’
Conference in Tanzania in 2014.

The researchers tested and adjusted the DLM design. The introduction of laggings and shielding of the
reactor significantly increased the attainable temperature in the reactor. Analysis showed that
painting the inner surface of the reactor with silver paint decreased the heat lost due to radiation in
the reactor. In order to reduce variability (maintain quality specifications), increase efficiency, and
ensure the safe operation of the proposed DLM, researchers built the setup with various controls.

The PEER team organized a three-day workshop on Hands-on Engineering Learning Pedagogies at the
University of Ghana, Legon, joined by faculty members from different departments in the school of
engineering, University of Ghana. They made technical presentations and unveiled the DLM for
gasification processes. At a separate workshop at Ahmadu Bello University, 90 participants from across
17 Nigerian institutions attended and saw technical presentations on the DLM and its potential for



teaching engineering concepts. After a site visit to Washington State University by the co-Pls, the
Nigerian team sought to develop capacity to build the DLMs within their own workshops, including
fabricating a pyrolysis reactor and designing portable gasifier for use in data collection on biomass
gasification. Team members also created a manual on international scientific collaboration.

The researchers conducted a pedagogy study on the gasification DLM with more than 200 students
from the Department of Chemical Engineering at Ahmadu Bello University. Students were given pre-
test questions to assess their level of understanding on gasification and then tested on their
understanding after the introduction of the module. Preliminary analysis showed a significant increase
in the level of the students’ understanding, with senior-level students doing comparatively better.



NIGERIA — PROJECT SG1-008: FOOD NEOPHOBIA AND WILLINGNESS TO TRY
FORTIFIED FOODS AMONG NIGERIANS

Pl: Folake Idowu-Adebayo, Federal University Oye-EKkiti

Dates: October 2019 — June 2022

PROJECT OVERVIEW

In order to combat malnutrition in underdeveloped nations, fortified meals are becoming increasingly
popular in Africa. People's willingness to try new cuisines, on the other hand, varies widely. This PEER
project sought to study food neophobia in different demographics in Nigeria by examining their
responses to food they had tasted or eaten before (using familiar Nigerian products) or not (using their
fortified counterparts).

This grant also supported mentoring and research projects for several female undergraduate students.
Mentorship sessions included discussions on proposal and CV writing, scholarships for postgraduate
study, networking, and work-life balance. The project supported thesis work for one mentee, allowing
her to pursue an innovative research idea that most students would have abandoned due to financial
constraints.

FINAL SUMMARY OF PROJECT ACTIVITIES

Using the Food Neophobia Scale, the researchers asked 500 participants to score their familiarity with
20 samples categorized as familiar foods and unfamiliar foods, as well as their willingness to try them.
The study found food neophobia is more prevalent among Nigerians than what has been reported for
other developed countries, with a mean food neophobia score of 43.25 (SD = 10.66). The researchers
found that women were less neophobic compared to men, and food neophobia rose alongside
household income. Respondents with a university education were also the most neophobic among
educational groups. The research team published several academic articles on their findings and
presented their work at the 44th Nigerian Institute of Food Science and Technology conference.

PUBLICATIONS
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SIERRA LEONE

SIERRA LEONE - PROJECT H1-17: LASSA FEVER PATHOBIOLOGY IN CHILDREN AND
DURING PREGNANCY

Pl: Donald Grant, Lassa Fever Program Kenema Government Hospital

U.S. Partner: Robert Garry, Tulane University School of Medicine (Funded by the
National Institutes of Health)

Dates: October 2013 — October 2017

PROJECT OVERVIEW

Eastern Sierra Leone, particularly the Kenema District, has the highest incidence of Lassa Fever, a
severe and often fatal viral hemorrhagic disease transmitted by the rodent Mastomys natalensis, in
the world. The rodents are commonly found in homes and transmission occurs from contact with the
rodents. Lassa Fever (LF) disproportionately impacts pregnant women and children. Case fatality rates
for LF can reach 70% in children under age 5 and 90% in third trimester pregnancies for both the
mother and the fetus. The prevalence and true impact of LF is not well understood. This study
addressed key gaps in knowledge of the epidemiology and natural history of Lassa fever. The goals of
the study were to (1) characterize and contrast the age and sex distribution of Lassa virus (LASV)
exposure in endemic and non-endemic areas and (2) elucidate risk factors for LASV infection in
pregnant women and children. The target population consisted of the entire Eastern Province of Sierra
Leone and women and children in the Kenema District of Sierra Leone. The age and sex distribution of
LASV exposure was determined in a point prevalence study comparing endemic and non-endemic
areas. This project also elucidated risk factors for LASV infection in a case-control study of pregnant
women and children, which identified points in LF transmission. The study employed field
epidemiology, hospital-based surveillance, and advanced laboratory techniques in order to provide
informed approaches for treating and controlling LF that can guide evidence-based investments for
public health programming and policy.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project addressed transmission and treatment of LF. The focus was on children and pregnant
women who are more severely impacted by LF than any other group. Through determination of the
age and sex distribution of LASV exposure, the team expected to identify major risk factors for LASV
infection and subsequently points for interventions to effectively prevent LASV infection.

The team carried out a point prevalence study on a group of 50 communities that differ according to
exposure to LASV. These communities consisted of 20 endemic villages in the Kenema District, 15
emerging villages in the Tonkolili District, and 15 non-endemic villages in the Port Loko District. More
than 11,000 samples from 20+ households per village distributed among 5 age groups were collected.
Dried blood spots were used to perform Lassa-specific IgG by ELISA for the detection of past LASV
exposure. This effort was ongoing as of the end of the project with an interim analysis.

Multiple variables (qualitative and quantitative) were collected in the questionnaire administered to
cases and controls. The team also collected GPS data and data on the level of rodent infestation in



case and control households. An interim analysis of Lassa seroprevalence was completed for Kenema
District, which saw seroprevalence ranges from 10 to 62%. The team also considered Lassa
seroprevalence by age and in moderate to high prevalence villages, as Lassa Fever seroprevalence
increases with age. There is an increase in incidence in preteens and another increase in young adults.
In these villages, adults >45 years of age have the highest seroprevalence. Villages with a lower
seroprevalence show a distinct pattern with lower seroprevalence in older adults. The team also
looked at Lassa seroprevalence by sexin Kenema District and, with the exception of one village,, there
was no significant difference between sexes.

Electronic databases with coded patient diagnostic designations and demographics, clinical, and
laboratory data were generated from the project work. Manual curation of the databases was still
ongoing at the time project ended, with each entry in the electronic databases cross-checked and
confirmed to be consistent with the original clinical and laboratory records. The data set generated
was carefully and thoroughly integrated with the wealth of clinical data obtained on each patient
throughout their stay in the KGH Lassa Ward.

Overall, Kenema District has long been considered to have the world’s highest LF incidence rate and is
an established hotspot for carrying out surveillance and LF-related research. Many districts to the
north and west of Kenema are believed to have limited LASV circulation, but it is unknown if this is a
consequence of limited efforts for detecting the virus, inability of clinical staff to recognize the
disease, or if there is truly no virus circulating in the area. This seroprevalence study suggests that LF
incidence may be underestimated in certain historically non-endemic areas. This study also uncovered
the age and gender distributions of LF in these areas. Further analysis of data will determine if the age
and gender distributions of LASV exposure differ between endemic and non-endemic areas and the
team plans to finish this analysis over the next six months. This data will inform Lassa fever vaccine
clinical trials conducted by partners in the VHFC, as well as new efforts by CEPI.
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SENEGAL

SENEGAL - COV-053: DESIGNING AND EVALUATING A WASTEWATER PATHOGEN
MONITORING TOOL FOR SEWERED AND NON-SEWERED SANITATION SYSTEMS TO
PREVENT DISEASE OUTBREAKS IN DAKAR, SENEGAL

Pl: Nouhou Diaby, Université Cheikh Anta Diop

U.S. Partner: William Tarpeh, Stanford University (Funded by the National Science
Foundation)

Dates: November 2022 — March 2024

PROJECT OVERVIEW

Wastewater-based epidemiology (WBE) is a rapid, cost-effective tool for tracking, mitigating, and
preventing viral disease outbreaks. However, most WBE studies so far have focused on high-income,
sewered locations, and WBE currently does not serve low-income countries that often rely at least
partially on non-sewered sanitation.

This PEER project team aimed to expand WBE access and application by creating and piloting a novel
WBE tool in Dakar, Senegal, through producing a comprehensive map of sanitation systems and
sewage flows in Dakar and evaluating pathogen prevalence in wastewater throughout treatment and
wastewater-impacted environments. To achieve these aims, Stanford University’s Tarpeh Lab, led by
the U.S. partner, transferred knowledge and skills for mapping and geospatial modeling, supported
methodological development for pathogen monitoring, and co-hosted workshops and stakeholder
meetings to train Senegalese students and professionals.

FINAL SUMMARY OF PROJECT ACTIVITIES

With support from the National Sanitation Agency and the company Delvic Sanitation Initiatives, Dr.
Diaby and his group were able to obtain updated maps of the sanitation network in Dakar, including
maps of the sewer network and the rainwater network, with open drains, pumping stations, and
wastewater treatment plants all indicated. The maps allowed them to estimate the populations
connected to the network of sites included in the study. The researchers also gathered data on the
sewer system’s nominal capacity and actual flow data through the sampling period. In the pumping
stations monitored in this study, the flow rates were 19,200 m3/day at the University station, 10,800
m3/day at the Pikine station and 6,000 m3/day at the Almadies station. The Pikine and Almadies
stations discharge their water into the Camberéne water treatment plant, while the University station
discharges directly into the sea without treatment.

From the study sites, the researchers gathered 50 samples of water to test for bacteria, parasites, and
viruses. Nearly all samples (96.08%) revealed the presence of bacteria, while parasites were present in
84.31% of samples and viruses were present in 68.63%. The team used a subset of samples for SARS-
CoV-2 detection. Out of 40 samples analyzed, the virus was detectedin 26, equivalent to a rate of 65%.
Detection of the virus revealed the presence of SARS-CoV-2 in the month of June 2023 in some
locations (Pikine, Almadies, University, and Tivaouane Peulh), followed by a significant reduction, or



even absence, during the winter period. On the other hand, SARS-CoV-2 reappearedin December 2023
in greater numbers.

As part of their work, the PEER team organized training courses covering sampling techniques,
laboratory analysis and data processing. In total 49 people, 67% of them women, were able to benefit
from training on wastewater-based epidemiology tools. The researchers also presented the project to
the National High Council for Health Security “One Health” of Senegal, which is a key body bringing
together all stakeholders in human, animal, and environmental health. They will continue this work
with a $54,000 grant awarded from the Grand Challenge Canada. Thanks to the new equipment
provided to Dr. Diaby’s lab with PEER funding, the group is well positioned to move forward with their
research activities.



SENEGAL - PROJECT 2-432: RHIZOSPHERE BIOLOGY OF SHRUB CREATED RESOURCE
ISLANDS OF SAHELIAN AGROECOSYSTEMS: OPTIMIZATION AND ADAPTATION TO
CLIMATE CHANGE

Pl: Yacine Badiane Ndour, Institut Senegalais de Recherches Agricoles

U.S. Partner: Richard P. Dick, Ohio State University (Funded by the National Science
Foundation)

Dates: August 2013 — June 2018

PROJECT OVERVIEW

Senegal faces a challenge of feeding a rapidly growing population against a background of climate
change and low inherent soil fertility. Scientifically validated agricultural systems that optimize crop
productivity despite water and heat stresses are urgently needed. With previous support from the
National Science Foundation, Senegalese and U.S. scientists discovered two shrub species that can
coexist with crops on smallholder farms and have the ability to lift water to dry surface soil and to
improve the soil.

This PEER project sought to understand how the harboring of beneficial nematodes (microscopic
roundworms) and arbuscular mycorrhiza fungi (AMF) by shrub roots and associated rhizosphere can
increase or maintain crop productivity during scenarios of greater water and temperature stress. The
project primarily used lab experiments in a climate chamber with humidity and illumination to
generate various scenarios. Researchers evaluated both the response of biological assemblages
derived from the shrub and millet association to stressful climate simulated conditions and tested
selected biological interactions that benefit crop productivity when heat and water stress occurred or
increased.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Ndour and her colleagues incubated soil in a climate-controlled chamber for 45 days, after
exposure to 10 consecutive days of wet-dry cycles. The applied stress strongly affected biological
activities, including basal respiration and enzymatic activities, causing change in the composition of the
microbial community influencing the carbon cycle in soil. The presence of the shrub promoted the
resilience of microbial communities in soils under its canopy. The researchers noted that decreased
rates of basal respiration were more pronounced in soil collected outside the shrub canopy.

Microbial biomass was also strongly influenced by the wet-dry cycles in this study, with soil microbial
biomass increasing in stressed soils immediately following disturbance. These results are supported by
previous studies. The researchers’ findings suggest that shrub canopy in semi-arid zone is the major
driving variable that will control the composition of the microbial community and the role of microbial
diversity in soil resilience is not linked to the absolute number of species but related to the functional
traits of those species.

The PEER team also cultivated millet in mesocosm on soil collected beneath or outside the shrub
canopy and inoculated with a cocktail of three mycorrhizal strains from their collection (Glomus
aggregatum, Glomus mossae, and Rhizophagus irregularis), as well as native inoculum and
uninoculated control. They grew millet in climate chambers for two months in three different



conditions representing heat and water stress. The researchers measured the rate of mycorrhization,
shoot biomass, and the microbial activities in soil. They found that elevated temperature did not affect
millet’s shoot biomass, but water stress—and water stresscombined with higher temperatures—hada
negative impact. Elevated temperature decreased the rate of mycorrhization.

Thanks to PEER support, two team members—researcher Dr. Hassna Founoune and PhD student Ms.
Sally Datta—had the opportunity to spend two weeks at Virginia Tech in June-July 2017 receiving
technical training and conducting research in collaboration with Dr. Mark Williams. While at the
university, they performed DNA extractions from soil samples sent from Senegal and then subjected
the extracted material to PCR amplification and analysis. With the new skills they gained, the visitors
were able to carry out extraction and purification of other samples back in Senegal and apply the
results in their study of the molecular biodiversity of soil fungi.

The researchers discussed their results with local farmers in Keur Matar, the National Agency for
Agricultural and Rural Council (ANCAR), and a local research network. They presented their work
through a total of 17 technical presentations and two publications. The PEER team won three new
grants, totaling $252,000, for new and related work from the World Bank, the Senegalese National
Academy of Science, and the Senegalese National Ministry of Higher Education and Research.

PUBLICATIONS
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SENEGAL - PROJECT 2-344: IMPACT OF CLIMATE CHANGE ON FRESHWATER
AVAILABILITY FOR SENEGAL: MODELING FUTURE CHANGES IN HYDRO-CLIMATOLOGY
OF LAKE OF GUIERS

Pl: Mouhamadou Bamba Sylla, Ecole Supérieure Polytechnique de I’Université Cheikh

Anta Diop

U.S. Partner: Jeremy Pal, Loyola Marymount University (Funded by the National
Science Foundation)

Dates: August 2013 — March 2016

PROJECT OVERVIEW

This project aimed to study climate change effects on the Lake of Guiers, the main freshwater
reservoir for Senegal. The water is mostly used for irrigated cropping in the basin and domestic use in
Dakar. It is unknown how its hydroclimatology might evolve in the future, but changes in surface
runoff over the basin and in the amount of water in the lake could produce significant disturbances for
end-users. The researchers in this project analyzed past and present-day climate and water resources,
elaborated climate change projections over the lake basin, and produced future scenarios of water
resources for the lake. A series of three workshops were organized at the end of each task to engage,
inform, and exchange information with the end-users.

As for development impacts, this project will generate a unique dataset in the field of climate change
modeling over Senegal. This dataset can serve as input for more high-impact studies beyond the
activities included in the project, for example in the fields of health and ecosystems. Policy makers
could also use the datasets generated to develop adaptation and mitigation strategies. Thanks to the
project's expected results, Senegal’s government will for the first time possess robust short-term
(2021-2050) and long-term (2071-2100) projections of the amounts of freshwater available in the lake
and thus potable water for domestic use in Dakar. In addition, production of future estimates of
surface runoff in the lake basin is a great asset for agricultural policy makers, as these conditions can
either depress or favor irrigated cropping.

FINAL SUMMARY OF PROJECT ACTIVITIES

The main aim of this project was to characterize the impact of anthropogenic climate change on water
availability in Senegal with a focus on the Lake of Guiers basin. This was modeled and analyzed for the
middle (2041-2060) and late twenty-first century (2080-2099). The team undertook to create a high-
resolution multi-model ensemble based on regional climate and hydrological model experiments that
considered two core Intergovernmental Panel on Climate Change (IPCC) Representative Concentration
Pathways (RCP4.5 and RCP8.5). The results indicated that an elevated warming, leading to a
substantial increase of atmospheric water demand, is projected over the whole of Senegal. In the lake
basin, these increases in potential evapotranspiration (PE) range between 10 and 25 % in the near
future and for RCP4.5 while for the far future and RCP8.5, they exceed 50 %. In addition, mean
precipitation unveils contrasting changes, with wetter (10 to 25 % more) conditions by the middle of
the century and drier conditions (more than 50 %) during the late twenty-first century. Such changes
cause more or less evapotranspiration and soil moisture respectively during the two future periods.
Furthermore, surface runoff shows a tendency to increase in most areas (amid few locations including



the lake basin with substantial reduction) probably due to the intensification of precipitation events. It
was also found that while semi-arid climates develop in the RCP4.5 scenario, generalized arid
conditions prevail over the whole Senegal for RCP8.5. These conditions will lead to less available water
and more crop water uptake. It is thus evident that these future climate conditions substantially
threaten freshwater availability for Senegal and irrigated cropping over the lake basin.

In addition, the project promoted teaching and learning in a broader context and increased the
participation of female students in geosciences research. Two courses have been introduced in the
lab, Climate Modeling with Practical (hands-on sessions) and West African Monsoon Dynamics.

In conclusion, the principal investigator has recommended that the government of Senegal should
implement policies that will help in designing response options to cope with the challenges posed by
the projected climate change for the country. These policies should aim at encouraging end users to
diversify their activities at the basin by practicing fishery and livestock husbandry. Stakeholders should
also use the lake water only during the dry season and sow during the rainy seasons to ensure that the
cultivars are more resilient to hotter and drier conditions with a shorter growing season. Users should
be sensitized and provided users with means to properly measure the amount of water they draw
from the lake. To disseminate their findings and recommendations, the team met and developed
strong collaborations with the Direction de la Gestion et de la Planification des Resources en Eau
(DGPRE), the ministry department that manages and plans for water resources in Senegal, the
Senegalese Consumers Association, Department of Geography of the University Cheikh Anta Diop, The
Organisation pour la Mise en Valeur du Fleuve Senegal, the Office of the Lake of Guiers and two
communities practicing at the Lake of Guiers basin (Diokhor and Diaminar). They are working together
with these institutions to exchange information, carry out surveys, and collect data.
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SOUTH AFRICA

SOUTH AFRICA - COV-100: IMPACT OF COVID-RELATED DISINFECTANTS IN THE FOOD
PROCESSING SECTOR ON THE DOWNSTREAM IMPACT OF ANTIMICROBIAL
RESISTANT PATHOGENS AND ENDOCRINE DISRUPTING CHEMICALS INTO
WASTEWATER SYSTEMS

Pl: Lise Korsten, University of Pretoria, South Africa

U.S. Partner: Charles Gerba, University of Arizona (Funded by the United States
Department of Agriculture/ National Institute of Food and Agriculture)

Dates: November 2022 — March 2024

PROJECT OVERVIEW

Since the onset of the COVID-19 pandemic, the food-processing sector has been under enormous
pressure to ensure that processing facilities and food handlers do not contribute to the spread of the
virus. Good hygienic practices that involve washing, rinsing, cleaning, and disinfecting were amongst
the areas that received special attention. To date, most disinfectant-related research studies have
focused on the efficacy of disinfectants in deactivating pathogens, often without consideration for
their downstream impact on the environment and public health.

Quaternary ammonium compounds and chlorine-based disinfectants are used routinely as
disinfectants in food production facilities. Due to varying resistance to disinfectants, some
antimicrobial resistant bacteria can survive disinfection and release free-living DNA in wastewater
treatment plants through the sewer lines of food processing facilities. Residual disinfectants and soaps
and their degradation products can end up in the environment through wastewater treatment plants,
and their endocrine disruptive mechanisms as well as their genotoxic and teratogenic properties to
mammals and aquatic organisms raise considerable concern.

This PEER project sought to assess the contribution of food safety control practices and COVID-19
hygiene measures to the downstream quality of non-sewage wastewater from a food processing
facility. The project monitored the wastewater discharge from a previously sampled processing facility
for the release of targeted microorganisms and chemicals. The selected study site was a food-safety-
compliant fresh cut vegetable processing facility, where multidrug resistance human pathogenic E. coli
will be isolated by the project team.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers sampled seven different water sources in the facility to determine the presence of
foodborne pathogens (E. coli, Listeria monocytogenes, and Salmonella spp.) and detect the prevalence
of a microorganism indicator, E. coli, that produces a specific resistance mechanism conferring
resistance to third-generation cephalosporins (ESBL), in a food processing environment.

They shared reports of their findings from all four sampling trips with the Technical and Environmental
Manager and the Food Safety Manager of the processing facility, serving as a guide on levels of risk in



the facility, informing them of the success of their current hygiene regime, and highlighting where
improvement is needed. The researchers characterized a selection of microorganisms obtained during
the four sampling visits using Whole Genome Sequencing (WGS) technology. As of June 2024, papers
on the microbiological sampling were forthcoming, and a research fellow was expected to present
findings at the International Association for Food Production's (IAFP) annual conference in Long Beach,
California, in July 2024.

The PEER team also measured endocrine disrupting activity and chemical screening (including
pesticides, disinfectants, and their by-products) of six sampling points in the processing facility,
assessing and quantifying estrogenic and androgenic activity in the water samples from the facility.

The researchers replaced a plan for a desktop review with a paper on antibiotic profiles of some
pathogens that are the leading cause of nosocomial infections throughout the world, as an unexpected
number of these potentially pathogenic microorganisms were found in the study.

The PEER team held two online workshops alongside the U.S. partner’s food safety experts. In
partnership with the University of Pretoria’s Drama Department (School of Arts), information about
food safety practices in the informal market was presented to factory workers at the sampling site in
the form of an interactive play that addressed topics on food safety practices in the informal food
sector.

The Pl and her team are part of projects that received more than $6 million in additional funding in
total across six new grants, including a major grant from the European Union Horizon program.
Knowledge generated during the course of the project will also contribute to the international Global
Water Research Coalition project to develop an effect-based monitoring tool for water quality safety in
line with World Health Organization recommendations. Data from these projects may ultimately be
used to inform policy. The Whole Genome Sequencing results for the bacteria that were selected in
this study were published on the NCBI’s data website.

PUBLICATIONS
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SOUTH AFRICA - COV-079: FRICTION AND FLOWS: UNDERSTANDING COVID-19
IMPACTS ON THE WILDLIFE ECONOMY IN SOUTHERN AFRICA

Pl: Annette Hiibschle, University of Cape Town

U.S. Partner: Meredith Gore, University of Maryland (Funded by the National
Science Foundation)

Dates: November 2022 — March 2024

PROJECT OVERVIEW

USAID has invested substantial resources in helping to build the wildlife economy in South Africa,
ensuring that benefits reach traditionally marginalized groups, including women. Unfortunately, an
illegal wildlife economy persists and appears to have grown since the onset of the pandemic,
undermining sustainable development and biodiversity conservation. Increased understanding of
COVID-19 impacts on the wildlife economy can improve targeting of solutions that address
inequalities, inform decision-making about economic empowerment activities for women and youth,
support opportunities to mitigate threats to biodiversity, develop national capacity to adapt to impacts
of climate change, and promote evidence-based policies and practices that promote employment.
Without understanding how COVID-19 and related public health measures have impacted the wildlife
economy, including friction and flows, it is impossible to reinforce, reset, or recalibrate strategies to
positively impact development.

This PEER project sought to enhance understanding about the impacts of the pandemic and lockdown
restrictions on the wildlife economy of southern Africa. The team leveraged insights, concepts, and
methods from criminology, sociology, and conservation biology, as well as the U.S. partner’s expertise
in risk mapping and behavioral analysis, conservation criminology, and human dimensions of global
environmental change.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers conducted fieldwork in Zanzibar (Tanzania), Zambia, and South Africa, including
interviewing affected local communities, especially rural women, to get a sense of COVID impacts on
wildlife economy-related livelihoods. A highlight was a focus group with six women who were married
to convicted poachers who had jobs in the tourism sector before COVID. Once the pandemic hit, they
were laid off and had to find new ways of supporting their families and themselves. They got involved
in poaching networks, recruited by intermediaries from Lusaka. In South Africa, the PEER team
targeted a wide spectrum of research participants, including a case study on succulent poaching.

As part of this project, the researchers developed the “frictions and flows” framework to understand
the dynamics of illegal wildlife trade (IWT) under varying conditions, particularly in response to the
exogenous shocks such as those presented by the COVID-19 pandemic. Flows refer to the movements
of goods, money, information, and people that facilitate the operation of illegal markets. These can
include the adaptation of routes, the shifting of market operations to online platforms, and
diversification of traded goods. Conversely, frictions represent obstacles or disruptions to these flows,



such as law enforcement actions, changes in regulations, or broader socioeconomic impacts like those
from a pandemic.

During the COVID-19 pandemic, South Africa, Tanzania, and Zambia exhibited varied responses, which
in turn affected the illegal wildlife trade differently in each region. In South Africa, strict lockdown
measures temporarily disrupted traditional trafficking routes, but traffickers quickly adapted by shifting
to online platforms and utilizing less monitored logistic options like private vehicles and postal services.
Without strict lockdowns in Tanzania, the usual flow of IWT faced fewer frictions compared to
countries with stringent measures. The market adapted by integrating into other local economic
activities and using alternative medicine markets as cover. In Zambia, moderately strict responses led
to a blend of disruptions and continuations in wildlife trafficking. Innovations included increased use of
digital communication to coordinate transactions and the diversification into new wildlife products.

The PEER team believes the resilience of illegal networks could inform strategies to improve the
resilience of legal economic systems and environmental conservation efforts. For example,
understanding how illegal networks shift operations could help in designing more flexible and
responsive legal frameworks and conservation strategies that are capable of adjusting to sudden
socioeconomic changes.

The researchers published their framework findings in Science of the Total Environment in March 2024,
and the Pl presented the initial findings at several conferences, including the American Geographical
Society’s annual Conference and the Savanna Science Conference in South Africa. As of May 2024, the
PEER team members had received three additional grants from the World Wildlife Federation, Wildlife
Trade Challenge Fund, and the University of Cape Town for a total of $147,345. Although the project
has ended, the team is now undertaking a participatory virtual mapping exercise with the U.S. partner
that will seek to clarify friction and flow points and country-specific illegal wildlife trade.

PUBLICATIONS
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SOUTH AFRICA - COV-060: EARLY CHILD DEVELOPMENT DURING A GLOBAL
PANDEMIC: INDIRECT EFFECTS OF COVID-19 IN SOUTH AFRICA

Pl: Roisin Elizabeth Drysdale, University of the Witwatersrand

U.S. Partner: Chris Desmond, University of Kwazulu-Natal (Funded by National
Institutes of Health)

Dates: November 2022 -December 2023

PROJECT OVERVIEW

Evidence of the impact of pandemics and national responses to them on early child development and
growth is limited, particularly on the important first 1,000 days of life. Available data from the United
States, the United Kingdom, and China indicate that exposure to lockdown conditions is associated
with delays in cognitive, motor, and language skills in infants at six months. Preliminary data from
South Africa show similar findings, with additional evidence suggesting that infants exposed to strict
lockdown conditions in-utero were more likely to be born at low birthweight. In order to mitigate
these negative effects, maintain any improvements in child learning outcomes, and reduce future
educational inequalities, there is a need to improve understanding of how the pandemic has affected
child growth and development.

In this study, the PEER team assessed the extent to which the COVID-19 pandemic and the national
response to it have affected early child development and growth among young children up to 2 years
of age in South Africa. The researchers had already collected data from a cohort of infants aged 12
months who were exposed to lockdown conditions in-utero and born during the second wave of
COVID-19 infections in South Africa. In this PEER study, the team followed up with the same infants at
24 months and recruited additional mother-infant pairs of similar age from routine health visits to
increase the sample size. These infants spent much of their first 1,000 days living under lockdown
conditions.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project collected data on socio-demographic characteristics of the household, caregiver, and
infant; child development; child feeding practices; clinic attendance; caregiver experiences of
parenting through the pandemic; and household experiences of COVID-19 illness and death. Child
development was measured through the Ages and Stages Questionnaire, Third edition (ASQ-3). The
ASQ-3 identifies developmental delays among children aged from two months to five years in five
domains (communication, fine motor, gross motor, personal-social, and problem solving). However,
this tool is based on parent reporting. To limit bias, when able to, a trained data collector “tested” the
infant on some of the questions to ensure the parent did not over-report. These can include, but are
not limited to activities with a ball, a mirror, or some vocal activities. To capture the home
environment and how it promoted young children’s development, researchers used the Home
Screening Questionnaire (HSQ). This is a 30-item parent-report tool that measures features of the
home environment related to child development.



The data from this as-yet unpublished study included findings on developmental delay risk levels and
factors associated with such delays. Stunting, wasting, and food security issues were also highlighted.
A high number of the caregivers reported that they faced challenges during the COVID-19 lockdown
and stated that they struggled to parent due to financial issues or feeling sad or depressed. This is also
evident in the maternal health questionnaire, with half the caregivers experiencing distress. Dr.

Drysdale and her colleagues are continuing to analyze the data and prepare manuscripts for
publication.



SOUTH AFRICA - COV-054: YOUTHCAN - CO-DESIGN AFRICAN NEEDS: EXPLORING
STRATEGIES TO INCREASE THE UPTAKE OF A SARS-COV-2 VACCINE IN YOUTH: A CO-
DESIGNED STUDY WITH YOUTH

Pl: Janan Dietrich, Perinatal HIV Research Unit, Division of the University of the
Witwatersrand

U.S. Partner: Avy Violari, Perinatal HIV Research Unit, Division of the University of the
Witwatersrand (Funded by the National Institutes of Health)

Dates: September 2022 — March 2024

PROJECT OVERVIEW

Less than 30% of the South African population had received a COVID-19 vaccine as of February 2022,
and just under 1.3 million South African children aged 12-17 years had been vaccinated. Although
much work has been conducted to understand vaccine hesitancy and misconceptions among South
African adults, the youth voice has largely been neglected. Prompted by conversations with young
South Africans, this PEER project entails three linked objectives, informed by continuous consultation
with a youth-led community advisory board. The project sought to better understand how information
about COVID-19 is accessed to circumvent vaccine hesitancy in young people and understand and
explore ways to increase the uptake of a SARS-CoV-2 vaccine, while identifying ways to offer tools and
resources to build resilience against economic and emotional toil of the pandemic. The final output
was an intervention co-designed with youth to support vaccination rates in adolescents and young
adults.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team conducted two transect walks in Soweto, South Africa, in collaboration with Adolescent
Community Advisory Board (ACAB) members. These walks helped familiarize researchers with the
study area and allowed them to observe the resources available in each community that could affect
vaccine uptake. The researchers subsequently conducted community outreach and convened eight
focus groups of residents ages 15-24 between two sites in Soweto. One was an urban area, Diepkloof,
and one was an informal settlement area called Motsoaledi. The focus groups were stratified by ages
15-19 and 20-24 and male and female groups. During the focus group discussions, the team explored
young people’s thoughts, experiences, and perceptions of the COVID-19 pandemic and the COVID-19
vaccine. They also explored participants’ thoughts on youth inclusivity, as well as campaigns and
strategies they thought would work to get youth involved in decisions and conversations about
important procedures should a future pandemic occur again.

Community leaders in both sites were interviewed to understand their experiences on the ground
about the pandemic, as well as the wider community’s views on the COVID-19 vaccine. The project
team contacted primary and secondary stakeholders via email to inform them about the project and
how they could be involved with the research results, promoting communication and engagement
with stakeholders to create awareness on the research project.



The researchers also conducted a mobile online survey of 532 youths. Questions included socio-
demographic information, knowledge of COVID-19, sources of COVID-19 information, COVID-19
anxiety, and experiences of lockdown measures. The team also led six workshops with youth to co-
design interventions and strategies for uptake of future vaccines amongst youth. This intervention was
focused on broad objectives identified from the PEER research as areas that affected vaccine hesitancy
and uptake among youth, specifically effective communication tools for health information and actions
the government could take to build trust.

The team presented their initial findings at Johannesburg Research Day 2023, as well as to the Rena le
Lona Creative Centre for Children and the Diepkloof Learning Center, developing new relationships
with local NGOs. They also conducted a community engagement meeting where study results were
shared with key influencers in both communities for their feedback and input. The Pl was awarded a
$500,000 grant from the Vaccine Confidence Project to continue her research strategy and develop
new work focused on economic empowerment opportunities for young adults in the study areas.
Several academic manuscripts are forthcoming.



SOUTH AFRICA - COV-041: UNDERSTANDING THE IMPACT OF COVID-19 AND THE
NATIONAL LOCKDOWN RESTRICTIONS ON SEX WORKER UPTAKE OF HEALTH
SERVICES IN FOUR SITES IN GAUTENG, SOUTH AFRICA: A RETROSPECTIVE RECORD
REVIEW

Pl: Khuthadzo Hlongwane, Perinatal HIV Research Unit (PHRU), Division of the
University of the Witwatersrand and Co-Pl Jenny Coetzee, African Potential
Foundation

U.S. Partner: Glenda Gray, South African Medical Research Council and Perinatal HIV
Research Unit, Division of the University of the Witwatersrand (Funded by the
National Institutes of Health)

Dates: November 2022 — March 2024

PROJECT OVERVIEW

HIV prevalence among sex workers in South Africa is among the highest globally, with national
estimates suggesting that more than two-thirds of female sex workers were HIV-positive before the
COVID-19 pandemic. Pandemic restrictions implemented to curb the spread of SARS-CoV-2 may have
impacted access to antiretroviral treatment (ART) and pre-exposure prophylaxis (PrEP). Controlling the
HIV epidemic, especially among key populations such as sex workers, is vital to reducing its incidence
and prevalence in the country. This PEER project aimed to understand the impact of COVID-19 and the
subsequent national lockdown on the uptake of health services offered by sex work programs and how
these restrictions have affected the UNAIDS 95-95-95 targets in Gauteng, South Africa. In collaboration
with their programmatic partner, Wits RHI, the project team conducted a retrospective record review
from four sex work sites across three districts in Gauteng. The review covered two periods: the year
preceding the national lockdown (March 1, 2019 — February 29, 2020) and the two years following the
start of the lockdown (March 1, 2020 — February 28, 2022). This study sought to evaluate changes in
health service uptake and progress towards the UNAIDS targets amidst the pandemic restrictions.

FINAL SUMMARY OF PROJECT ACTIVITIES

The results from the researchers' study showed that COVID-19 had a generally negative impact on
healthcare services accessed by female sex workers. Strict lockdown levels, such as Levels 5 and 4,
were significantly associated with a negative impact, particularly on outreach visits. These outreach
visits are crucial as they provide female sex workers with the opportunity to test for HIV at any time
and place. However, some services did improve during the pandemic, including the number of viral
loads measured and access to PrEP, but further data collection is needed for a definitive conclusion.

In May 2023, the PEER project team hosted representatives from USAID, the National Academies, and
the Department of Science and Innovation of South Africa on a community outreach visit to a district
where female sex workers reside and work. The project researchers also participated in the South
African AIDS Conference in June 2023 in Durban, discussing the project with other researchers
interested in key population studies. The Pl presented her findings at the Southern African HIV
Clinicians Society Conference in Cape Town in late 2023. As of the final report submission in April 2024,
further data analysis was underway, and the team expects to publish a paper on their findings.



SOUTH AFRICA - PROJECT 6-450: WATER SECURITY AND SOCIAL-HYDROLOGICAL
RESILIENCE FOR RURAL SMALL-SCALE CROP VALUE CHAINS

Pl: Marizvikuru Manjoro Nee Mwale, University of Venda

U.S. Partner: Brian Chaffin, University of Montana, Missoula (Funded by the National
Science Foundation)

Dates: March 2018 — February 2022

PROJECT OVERVIEW

A value-chain approach can answer important research questions for sustainable agriculture, food and
water security, and social-hydrological resilience. This PEER project sought to identify ways to secure
scarce water resourcesof rural small-scale crop farming value chains at a river basin scale and promote
water security that supports small-scale agricultural productivity, specifically in the Limpopo and
Zambezi River basins. The Pl and her team applied the value-chain analysis framework to assess water
use in the production, post-harvest handling, and consumption of selected crops in the Limpopo and
Zambezi River Basins. In addition, by estimating the water footprint for selected crops within the
Limpopo and Zambezi River Basin, this project produced regional data sets to inform policy and to be
used in post-harvest application.

FINAL SUMMARY OF PROJECT ACTIVITIES

The team began with a detailed literature review on agricultural water use, security, productivity and
footprinting, seeking to better understand water utilization in rural small-scale crops in South Africa
and the broader region. They used value-chain mapping to identify and characterize actors and their
linkages, from the producer to the final consumer, and compared variations of water use for selected
smallholder crops. They found that most value chains studied were short in nature and dominated by
informal trading arrangements based on trust and long-termrelations. There were no formal contracts
and in most cases, prices were mainly negotiated, based on prevailing market prices in nearby towns.
The exception was tomatoes in the Limpopo River Basin, which were grown for commercial purposes
and processed into tomato paste.

The researchers used study sites in Zambia and South Africa that grew maize, tomatoes, sugarcane,
soybeans, groundnuts, sugar beans, butternuts, and leafy vegetables to calculate the blue water
footprint—water sourced from rivers, lakes, dams, and irrigation—of the selected crops. They also
identified that most of the water used was in the production phase of the value chain. Researcher
interviews with farmers identified their awareness of global water scarcity and documented how they
controlled their water use to save water. But they also had inadequate knowledge on water footprints
and how they contribute to understanding water usage. The PEER team found the farmers largely
don’t measure the amount of water they use for growing their crops. This meant that the researchers
had to use existing estimates from other studies within southern Africa to calculate the water
footprints. Additional water security risks identified by farmers included low volumes of water, low
water pressure, old irrigation techniques, poor water infrastructure, algae growth in water jugs used to
wash harvested food, and water quality issues, primarily salinity and pollution.



The PEER team developed three policy briefs, including one on managing water risk along crop value
chains, as well as farmer handbooks and short courses, which were translated into the local languages.
They also held a conference on their research, which led farmers to form an irrigation scheme
cooperative and a commitment from the local government to help farmers mentor each other on
water security.

The Pl Dr. Manjoro was nominated as an Africademics Scholarship Ambassador and to be a member of
the Research and Postgraduate Studies Committee for the Faculty of Science Engineering and
Agriculture at her institution. Another team member, Linda Downsborough, was named researcher of
the year at The Independent Institute of Education, and the PEER project contributed to mentorship
and continued research of a number of students, including two PhD candidates and a Master’s
student. The PEER project also led to the development of a strategy to use solar energy to generate
power to drive the water pump machines that channel water from the source to the field.
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SOUTH AFRICA - PROJECT 6-448: DESIGN OF METAL-OXIDE NANOPARTICLE
REINFORCED NANO-FIBROUS BIOPOLYMER COMPOSITES FOR WATER
TREATMENT

Pl: Wilson Gitari, University of Venda

U.S. Partner: James Smith, University of Virginia (Funded by the National Science

Foundation)
Dates: January 2018 — January 2020

PROJECT OVERVIEW

The overall objective of this project was to fabricate multifunctional, biopolymer-metal oxide
nanoparticle, reinforced composites for fluoride and pathogen removal in groundwater. Previously
reported materials have low fluoride adsorption capacity, and there is no information on their capacity
for disinfection of the treated water. The biopolymer composite that the Pl and his team planned to
develop was expected to have high fluoride adsorption capacity and at the same time remove
pathogens, resulting in a powerful treatment system to deliver safe, fluoride-free drinking water. These
electrospun chitosan-cellulose hybrid nanocomposites are intended to provide active sites for
reduction and introduction of Ag-MgO engineered nanomaterials that would be instrumental in
imparting pathogen removal capacity. A component of this project was the formation and loading of
various metal oxide nanoparticles on the biopolymer composites, testing their effectiveness in
simultaneous defluoridation of the groundwater and pathogen removal. The U.S. partner on the
project, Dr. James Smith, contributed his expertise in nanomaterial synthesis, as well as his experience
in pioneering the application of silver-coated ceramic water filters and ceramic tablets loaded with
silver nanoparticles for water treatment in a rural community in South Africa.

This project was intended to help promotes equitable distribution and supply of water by improving
access to clean, safe water for rural residents at an affordable cost. It was also intended to lead to
more efficient groundwater utilization as an option to satisfy the huge water demand of South Africa.
Ultimately, access to safer water would also help improve the health of rural communities, reducing
the disease burden on the health infrastructure.

FINAL SUMMARY OF PROJECT ACTIVITIES

In this project, design, synthesis, and testing through batch fluoride adsorption optimization conditions
and application of impregnated engineered nanomaterials on a biopolymeric matrix using a sol-gel
biosynthesis approach were carried out. The developed biopolymeric nanocomposites sorbents were
evaluated and applied for potential application in removing fluoride and pathogens from groundwater
on a lab-scale.

Technical experimental protocols on fluoride and microbial removal from simulated contaminated
solutions (both laboratory and field water-scale) with the biosynthesized adsorbent are in advanced
stages as this project wraps up. Consultations and updates on the material developmental stages are
ongoing and have been submitted to the university intellectual property office which is affiliated to the
National Intellectual Property Organization (NIMPQ), a government entity that funds patenting,



technical evaluation of any prototype emanating from research work and potential commercialization.
Results have also been shared at conferences and workshops including the 1t International Conference
on Sustainable Management of Natural Resources (October 2018), IUPAC Postgraduate Summer School
on Green Chemistry (May 2019), and the New Frontiers in Separation Processes & Membranes
Development workshop (July 2019).

PUBLICATIONS
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SOUTH AFRICA - PROJECT 6-447: EFFECTIVENESS OF POINT-OF-USE WATER
TREATMENT TECHNOLOGIES TO PREVENT CHILD STUNTING IN SOUTH AFRICA
Pl: Pascal Bessong, University of Venda

U.S. Partner: James Smith, University of Virginia (Funded by the National Science
Foundation)

Dates: March 2018 — August 2021

PROJECT OVERVIEW

In low-resource settings, lack of safe water and adequate sanitation has long-term detrimental
consequences for child health and development. Continuous exposure to unclean water can lead to
poor linear growth among children. Stunting early in life is an important marker of long-term morbidity
and has been associated with cognitive impairment, poor school performance, low adult economic
productivity, and increased risk of chronic disease later in life. In a recent study, the prevalence of
stunting increased from 12% in the first month of life to 37% at 2 years of age in the Dzimauli
community of Limpopo, South Africa. Interventions that improve access to safe water and sanitation
have the potential to make a significant impact on child stunting but have not been well-studied
towards this aim. The municipal water supply for the Dzimauli community is not consistent, and
community-level water treatment systems are not available. Less than 20% of households reported
treating their drinking water in 2009, which suggests that there is a clear need for an acceptable
drinking water solution.

U.S. partner James Smith and his team have helped develop two point-of-use water treatment
technologies with demonstrated technical efficacy, sustainability, and social acceptance in several low-
resource communities: the silver-impregnated ceramic water filter and the silver-impregnated ceramic
disk, called a MadiDrop. This PEER project, led in South Africa by Dr. Pascal Bessong, tested the
effectiveness of these technologies on improvement in child health outcomes, specifically reducing
pathogen exposure and preventing stunting among children in Limpopo.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER researchers identified and enrolled 400 eligible households from villages in the Dzimauli
community. Each household’s caregiver was given a container to collect a stool sample from their
youngest child, and households were randomized to receive one of three interventions or no
intervention. All subjects were advised regarding water health, sanitation, and hygiene practices to
follow in the home, and the researchers conducted a baseline questionnaire on demographics,
socioeconomic status, water sources, and sanitation and hygiene practices.

Intervention households were visited every month for two years to ensure that the intervention
technologies provided were in working condition and being used properly. At three-month intervals,
the monthly home visits were extended for further data and sample collection, and all households
were visited, including those who received no intervention. At these visits, researchers took height and
weight measurements on all children under 15 in the household and collected a stool sample from the
youngest child. The PEER team also collected treated water samples from the safe-storage water



container at a random subset of 50 households receiving the filter or ceramic disk, and they replaced
the ceramic disks every six months.

Stool and water samples were tested for the presence of pathogens, as well as biomarkers for levels of
gut function. The researchers found that silver-impregnated clay water filters did significantly remove
germs from household water, but this did not correlate with a reduction in stunting in young children.
The team also observed how seasonal changes in drinking water availability and the type of drinking
water sources affected enteric infections in young children, and they concluded that home-based
filters alone were not enough to provide health benefits to young children. They recommended a
multi-pronged approach to reduce the load of intestinal pathogens in young children, including the
provision of sanitation facilities in the communities and at school.

The PEER team hosted two workshops for high school students and teachers on the consequences of
enteropathogenic infections on health growth and cognitive development in children. The researchers
published their results in three peer-reviewed papers and received an additional two grants, for a total
of $90,000, during the project period.
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SOUTH AFRICA - PROJECT 5-432: DEVELOPING EXPOSURE AND TOXICITY DATA
FOR TRACE ORGANIC CHEMICALS IN WASTEWATER, BIOSOLIDS, AND SOILS
PI: Bice Martincigh, University of Kwazulu-Natal

U.S. Partner: Natalie Mladenov, San Diego State University (Funded by the
National Science Foundation)

Dates: February 2017 — December 2021

PROJECT OVERVIEW

Contemporary lifestyles and the extensive use of organic chemicals in personal care and consumer
products (PCCPs) leads to the constant discharge of enormous quantities of chemical residues from
industries and homes into wastewater streams and, ultimately, the environment. In contrast to heavy
metals, pathways of trace organic chemicals (TOrCs) derived from manufacturing and use of PCCPs are
varied in the wastewater stream. The majority of TOrCs that reach wastewater treatment plants are
destroyed through treatment and sludge processing, but recalcitrant TOrCs and their metabolites can
pass through the treatment process intact and partition, dependent on their physico-chemical
properties, in biosolids and aqueous media. Very little is known about the fate of TOrCs in the climatic
context of South Africa.

This team chose to study a set of four classes of potential pollutants: flame retardants, the broad-
spectrum herbicide glyphosate (Roundup®, ubiquitously used in the local sugarcane industry),
antibiotics, and HIV anti-retrovirals. Effluents from wastewater treatment plants in the Durban area,
sewage sludge, biosolids, soils from effluent-irrigated farmland, and sludge and/or biosolid-amended
soils will be analyzed and characterized for the presence of these TOrCs.

This project had access to the local DEWATS wastewater treatment plant, which allowed for detailed
studies on the fate of the TOrCs during their passage through the plant and subsequent agricultural
areas, providing a confined and controlled environment. Comprehensive target and non-target
analytical techniques were developed to detect and quantify the four classes of compounds in the
selected matrices. Furthermore, the team planned to develop a simultaneous extraction and clean-up
method for each chemical compound class in the above-mentioned matrices.

FINAL SUMMARY OF PROJECT ACTIVITIES

This research project investigated the presence and behavior of trace organic chemicals (TOrCs) in
wastewater and biosolids across South Africa, with a particular focus on compounds derived from
everyday personal care and consumer products. These chemicals, including pharmaceuticals,
herbicides such as glyphosate, and illicit drugs, are continually discharged into wastewater systems,
leading to environmental contamination. Unlike heavy metals, TOrCs exhibit diverse pathways through
wastewater treatment plants (WWTPs), where some are effectively removed while others persist
through the treatment process and accumulate in biosolids and water bodies.

A critical aspect of the study was the examination of five WWTPs in the Durban area, assessing
influents, effluents, biosolids, and biosolid-amended soils for the presence and concentration of TOrCs.
Of particularinterest was the comparison between conventional centralized WWTPs and decentralized



DEWATS systems, which utilize longer residence times and anaerobic processes, potentially offering
superior removal of TOrCs. This research underscored the importance of understanding treatment
efficiencies and the environmental risks posed by residual TOrCs in various wastewater treatment
contexts.

Moreover, the project delved into risk assessments of selected antibiotics, revealing potential hazards
to aquatic organisms and the emergence of antimicrobial resistance in receiving rivers. The innovative
use of wastewater-based epidemiology (WBE) provided real-time insights into community drug
consumption patterns within the eThekwini Municipality, offering a novel approach to public health
monitoring.

The project advanced analytical techniques for both targeted and non-targeted analysis of TOrCs in
complex environmental matrices, aiding in comprehensive risk assessments and informing strategies
for water reuse in water-scarce regions like South Africa. This development of analytical methodologies
has broader implications for global water management practices.

Beyond scientific advancements, the project contributed significantly to human capital development
by fostering doctoral and master's research, promoting knowledge exchange through international
collaborations, and enhancing the capabilities of local water authorities in policy formulation and
environmental stewardship. The Pl's recognition, including election as a Fellow of the Royal Society of
South Africa and leadership roles in international scientific conferences, underscores the project's
impact and influence in the global scientific community.

Future research endeavors include innovation of nanotechnology-based solutions for polishing
wastewater effluents, exploring adsorption and chemical oxidation/reduction technologies. These
efforts aim to enhance the removal efficiency of recalcitrant micropollutants, ensuring safer
wastewater reuse and contributing to sustainable water management practices globally.
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SOUTH AFRICA - PROJECT 5-48: CHARACTERIZING AND TRACKING OF
ANTIMICROBIAL RESISTANCE IN THE WATER-PLANT-FOOD PUBLIC HEALTH
INTERFACE: AN EMERGING WATER, SANITATION AND HYGIENE ISSUE

PI: Liza Korsten, University of Pretoria

U.S. Partner: Manan Sharma, Environmental Microbial and Food Safety Laboratory,
United States Department of Agriculture/ Agricultural Research Service

Dates: December 2016 — November 2019

PROJECT OVERVIEW

Since its onset, the food-processing sector has been under enormous pressure to ensure that
processing facilities and food handlers do not contribute to the spread of the virus. Good hygienic
practicesthat involve washing, rinsing, cleaning, and disinfecting were amongst the areasthat received
special attention. To date, most disinfectant-related research studies have focused on the efficacy of
disinfectants in deactivating pathogens, often without consideration for its downstream impact on the
environment and public health.

Quaternary ammonium compounds and chlorine-based disinfectants are used routinely as
disinfectants in food production facilities. Due to varying resistance to disinfectants, some
antimicrobial resistant bacteria can survive disinfection and release free-living DNA in wastewater
treatment plants through the sewer lines of food processing facilities where they are usually not
removed. Of additional concern is that residual disinfectants and soaps and their degradation products
can end up in the environment through wastewater treatment plants where their endocrine disruptive
mechanisms as well as their genotoxic and teratogenic properties to mammals and aquatic organisms
raise considerable concern.

The main aim of this research project was to assess the contribution of food safety-control practices
and COVID- 19 hygiene measures to the downstream quality of non-sewage wastewater from a food
processing facility. The project monitored the wastewater discharge from a previously sampled
processing facility for the release of targeted microorganisms and chemicals. This is paramount, since a
fresh-cut vegetable processing facility may provide an ideal setting for the acquisition and
dissemination of antimicrobial resistant organisms and endocrine disrupting chemicals. The selected
study site was a food-safety-compliant fresh cut vegetable processing facility where multidrug
resistance human pathogenic E. coli will be isolated by the project team.

FINAL SUMMARY OF PROJECT ACTIVITIES

This research project embarked on an extensive investigation aimed at understanding the prevalence
and characteristics of antimicrobial resistance (AR) within the intricate nexus of water, plants, food,
and public health in South Africa. It had several specific objectives: to determine the prevalence and
dissemination of AR, both phenotypically and genotypically, across these interconnected domains; to
conduct a comprehensive literature review on fecal contamination indicators, antibiotic resistance
profiles, and dissemination in microorganisms across the aforementioned interfaces; to organize
workshops involving stakeholders from academia, farming communities, and governmental bodies to
assess existing knowledge, potential contamination sources, and select sites for assessment; and to



disseminate research findings through various channels such as peer-reviewed publications,
conference presentations, and workshops with stakeholders.

Collaborations with international partners were established, with successful submissions for workshop
sessions at the International Association of Food Protection's European Symposium on Food Safety.
These collaborations extended to training initiatives, with access to food safety training videos.
Additionally, stakeholder engagement was a key aspect, with workshops involving academics,
policymakers, and representatives from various governmental entities including the Department of
Health, Department of Agriculture, and Water Research Commission. Discussions centered on
interpreting research findings and developing mitigation strategies based on scientific evidence.

The research findings highlighted concerning levels of antimicrobial resistance across different
environments, including water sources, vegetables, and agricultural produce. Notable findings included
the identification of ESBL/AmpC-producing Enterobacteriaceae in various samples, indicating potential
health hazards for consumers. Furthermore, efforts were made to bridge knowledge gaps and enhance
food safety practices through training initiatives and collaboration with government departments,
including involvement in a ministerial advisory committee on AR.

Overall, the research contributes valuable insights into the prevalence and characteristics of
antimicrobial resistance in fresh produce and agricultural environments, emphasizing the need for
continued risk analysis and the development of effective mitigation strategies to safeguard public
health. Training initiatives and collaborations served to disseminate knowledge and enhance food
safety practices, ultimately benefiting both consumers and the broader community.



SOUTH AFRICA - PROJECT 4-153: GRECHLIM

PI: Tamiru Abiye, University of the Witwatersrand

U.S. Partner: Richard Healy, United States Geological Survey
Dates: November 2015 — March 2019

PROJECT OVERVIEW

As groundwater resources are increasingly impacted by human development, understanding their
sustainability and renewability is crucial. Groundwater recharge, the process of water reaching the
water table, governs the replenishment of aquifers. This is a critical but difficult-to-quantify part of the
water budget. The Limpopo River Basin (LRB) relies on both high-yielding dolomite aquifers and
smaller, less productive crystalline aquifers, each with distinct recharge processes and management
issues. Emerging research suggests that recharge in these semi-arid environments is episodic and
driven by climate extremes, challenging the assumption of continuous replenishment. Recharge often
occurs through preferential pathways like fractures, intermittently flooded areas, and flow channels,
rather than uniformly across the landscape. Understanding groundwater renewability and sustainable
exploitation limits in an environmental context is still developing.

This project aimed to better determine recharge processes, quantities, and locations in the LRB, and
use this information for groundwater development and management at selected sites. A key objective
of the GRECHLIM Project was to enhance the capacity of young scientists and local and national
authorities to assess groundwater recharge through applied field investigations. This capacity
development was integrated into students' theses and supported by hands-on training at the U.S.
Geological Survey (USGS) facilities. The project also fostered strategic partnerships with stakeholders
involved in water resources management, including the transboundary LRB organization LIMCOM,
local farmers, and water utilities, to augment resources and improve services.

Findings from the project were intended to be synthesized into guidelines and tools for managed
aquifer recharge, predicting groundwater availability based on climate and land use, and assessing
sustainable groundwater exploitation limits. These tools and guidelines were to be developed in
collaboration with relevant stakeholders and disseminated through consultations and workshops.
Collaboration with climate and seasonal forecasting entities, such as the Southern Africa Regional
Climate Outlook Forums, was explored to support incorporating groundwater information into
forecasts.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project investigated groundwater recharge rates and processes, particularly in Johannesburg,
highlighting the influence of climate variables on baseflow and the balance between natural stream
flow and wastewater contributions. Johannesburg's rainfall, sourced from various sources, presents
challenges in groundwater assessment due to isotopic variations. Recharge predominantly occurs in
the south of the Upper Crocodile River Basin through fractures and cavities in quartzites and
dolomites. The study's outcome, shared through stakeholder meetings and publications, emphasizes
the sensitivity of stream flow to climate changes and predicts increased wastewater alongside
decreased baseflow, leading to heightened pollution risks.



Additionally, the International Water Management Institute conducted physico-chemical water quality
analysis and employed various methods to estimate river flow contributions and groundwater-surface
water interactions in the Letsitele Catchment. Understanding these interactions is crucial due to
commercial farming and water supply infrastructure in the area, aiding in evaluating aquifer
sustainability and informing water resource management decisions.

The PEER team continuously engages the Department of Water and Sanitation (DWS) so that they can
start to use the recharge methods and groundwater-surface exchange methods that they tested in this
study. They will also encourage DWS to continue monitoring groundwater for management and
planning purposes and policy development.
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SOUTH AFRICA - PROJECT 4-149: PROMOTING COMMUNITY AND REGIONAL FOOD
SYSTEMS IN THE EASTERN CAPE, SOUTH AFRICA

Pl: Michael Aliber, University of Fort Hare

U.S. Partner: Stephen Ventura, University of Wisconsin-Madison (Funded by the
United States Department of Agriculture/ National Institute of Food and

Agriculture)

Dates: October 2015 — September 2017

PROJECT OVERVIEW

The goals of this project were to (1) better understand the market failure in the ex-Bantustans of the
Eastern Cape, South Africa, where food consumption relies little on local food production despite
significant production capacity, and (2) determine the extent to which innovations from the United
States and elsewhere can address this issue. South African literature largely overlooks this market
failure, focusing instead on small-scale farmers’ inadequate access to formal markets outside the ex-
Bantustans. This perspective ignores that effective food demand within the former homelands is
substantial (with over half of all food expenditure in the Eastern Cape accruing to households in the ex-
Bantustans) yet mainly catered to by large-scale commercial farmers outside these areas. The reasons
for this have been largely unexplored.

This project aimed to fill this gap through various fieldwork activities, enriched by comparing and
contrasting marketing arrangements for different commodities within and between ex-Bantustans,
commercial farming areas, and urban areas. Researchers planned to examine successful strategies
such as promoting farmers’ markets, aggregation, and innovative use of third-party logistics operators,
determining their applicability to South Africa’s ex-Bantustans. By addressing these issues, the project
sought to understand and potentially rectify the disconnect between local food production and
consumption in the Eastern Cape’s ex-Bantustans, fostering a more self-sufficient and sustainable food
system.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project found that the majority of consumers prefer to buy from small-scale farmers (73%)
compared to large-scale farmers (16%), with 10% having no preference. Among those who prefer
small-scale farmers, 64% do so to support black farmers and the local economy. However, much of the
food expenditure of black consumers goes to formal shops in towns, mostly belonging to national
chains. Another important finding is that most shopping occurs at the end or beginning of the month,
aligning with wage and social grant disbursements. Many social grant recipients prefer to shop on the
second or third of the month to avoid long queues.

The area-based studies involved interviews with retailers, categorized as supermarkets, independent
shops, and petty traders (‘hawkers’). The interviews aimed to understand their target markets, food
procurement sources, and the advantages and disadvantages of dealing with small-scale farmers. It
was found that retailers often use small-scale farmers as secondary sources to fill gaps left by main
suppliers. Advantages of small-scale farmers include willingness to deliver weekly and fresher produce.
However, the inconsistency in supply volume is a major drawback for larger retailers.



The team also interviewed farmers to understand their marketing experiences and perspectives on
different markets. While formal markets are seen as more lucrative, many farmers are satisfied selling
to villagers or hawkers due to consistent demand, reasonable prices, low transport costs, and
immediate payment. Selling to supermarkets is beneficial for larger harvests but requires consistent
supply, which is challenging for most small-scale farmers. The findings suggest that appropriate
interventions, such as promoting marketing cooperatives over production cooperatives, could help
small-scale farmers increase business with local retailers.

Despite the challenges, the results are encouraging. The barriers preventing small-scale farmers from
doing more business with local retailers—and the reasons retailers avoid relying on local farmers—can
be addressed through suitable interventions. One effective strategy could be promoting proper
marketing cooperatives, which can help small-scale farmers overcome the disadvantages of their size
by collaborating in marketing. This approach would address issues of quantity, consistency, and
communication, as many retailers are unaware of local small-scale farmers due to their lack of
marketing skills and resources.

While the project has ended, the Pl and team plan to publish their findings and continue researching
potential interventions. Apart from the farmers' market idea, they are exploring other strategies, such
as unlocking existing incentive schemes to empower local entrepreneurs in agro-processing. Another
possibility is revisiting conventional approaches to address the disadvantages of small-scale farming,
such as developing a cluster development agent approach. As supermarkets in rural towns are here to
stay, improving their ability to interface with small-scale farmers remains a priority.



SOUTH AFRICA - PROJECT 3-120: MANAGING FIRE AND GRAZING TO MAXIMIZE
CARRYING CAPACITY IN AFRICAN RANGELANDS

Pl: Sally Archibald, University of Witwatersrand

U.S. Partner: Todd M. Anderson, Wake Forest University (Funded by the National
Science Foundation)

Dates: October 2014 — September 2017

PROJECT OVERVIEW

Fire and herbivory are key ecological and evolutionary processes shaping savanna landscapes. While
fire is more prevalent in high-rainfall savannas, and herbivory in low-rainfall savannas, over much of
the rainfall gradient both of these two disturbances are present. How these two consumers interact to
create and maintain savanna heterogeneity across rainfall gradients is not well understood. Fire cannot
spread in short-grazed grassland, but details of how this works in a spatio-temporal context are
unclear. Alternative systems representing either heavily grazed or frequently burnt habitats can occur
in savanna landscapes depending on the mix of fire and herbivory, and the extent of these system
states can be altered by fire and grazing.

Using manipulative field experiments and regional-scale analyses, this research project sought to
address the following questions: (1) How easy is it to manipulate the proportion of short grass: tall
grass habitat in an ecosystem? (2) How applicable can these results be across rainfall gradients and in
terms of the types of herbivores present? (3) What is the appropriate ratio of short-grass and tall-grass
habitat?

FINAL SUMMARY OF PROJECT ACTIVITIES
This project had three main objectives, all of which were achieved:

e Determine whether concentrated short-grass grazing patches could be created through careful
application of fire and use of pyric-herbivory.

e Assess the value of these short-grass patches to different grazing animals (including livestock)
and overall biodiversity in terms of NPP

e Explore how prevalent these short-grass grazing systems are across different parts of tropical
Africa and along gradients of rainfall and soil fertility.

The team demonstrated that it is possible to create patches in two very different ecosystems through
the application of small, repeated fires and saw massive responses of wildebeest and other short-grass
species to these patches. They also observed changes in grass, wildflower, and insect communities
with the spread of these patches (i.e. increased beta-diversity). The team have yet to finalize the role
of these patches in livestock systems, but it is clear that in communal rangelands, most cattle depend
on these for their growing season forage and that commercial farmers are becoming interested in
creating such habitats on their farms.

With the help of their U.S. collaborator, this project produced a unique dataset of grazing lawn
occurrence across south and east Africa, which has so far given unexpected results (e.g., the expected



relationship with soil fertility was not apparent). The Pl and her team collected data from more than 40
sites across South and East Africa and ran a regional analysis of fire-grazer interactions, as well as
developed and published a conceptual model on this.

Through the PEER project, the team developed a memorandum of understanding with the Herding for
Health program run by the University of Pretoria in the Welverdiend communal rangeland near the
Kruger National Park, and they will be collaborating on implementing their ideas in these rangelands.
The Pl and her team will continue to build their relationship with Working on Fire (part of the South
African Government’s expanded public works job creation program). They will apply all of their
experimental burns and advise them on the research application of their work. The team also
presented their work at two international conferences (Ecological Society of America and the
Association for Tropical Biology Conservation) and have published numerous articles in scientific
journals and the media.

The team's work received international recognition, with colleagues from Texas A&M interested in
setting up similar experiment in their ecosystems and collaborating on the socioeconomic aspects. It
has also received recognition from the South African National Parks, who have altered their fire
management plans based on their results. They are working with both commercial and communal
farmers to explore the implications of their ideas in livestock areas.

The Pl will continue to carry out this research project. The team is currently working on the cattle-
wildlife comparison through a grant from the Global Change Grand Challenge and will be engaging
communal and commercial farmers to assess the impacts of grazing lawn habitat for their livestock.
They also have funding from the South African National Parks to continue monitoring the effects of the
drought on their experimental site in the Kruger National Park, which will give them a much broader
insight into the value of these short-grass ecosystems in relation to the natural variability of semi-arid
grazing systems (all indications so far are that the history of grazing has a big impact on the trajectory
of recovery after a drought event). Lastly, the team has funding from the Royal Society Newton Grant
to expand their assessment of the distribution of these grazing-lawn systems across environmental
gradients, their evolutionary history, and their role in increasing resilience of African ecosystems to
human activities (livestock) and climate change.
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SOUTH AFRICA - PROJECT 2-512: MAMMALMAP: THE AFRICAN MAMMAL ATLAS
PROJECT

Pl: Lesley Gordon Underhill, University of Cape Town, with Co-Pl Robert Peter Millar,
University of Pretoria

U.S. Partners: Walter Jetz, Yale University, and Robert Guralnik, University of Colorado
at Boulder (Funded by the National Science Foundation)

Dates: August 2013 — November 2015

PROJECT OVERVIEW

Africa is home to an incredible abundance and diversity of life. However, protecting this biodiversity,
especially in the face of global climate change and increasing human pressures, requires a solid
understanding of the current geographical distribution of species across the continent. Much of our
knowledge of African mammal distribution is based on outdated or unverified information, hindering
effective conservation efforts. To address this, MammalMAP (the African Mammal Atlas Project), an
initiative by the University of Cape Town (UCT) and the University of Pretoria (UP), aimed to create up-
to-date range maps for all African mammal species.

By collaborating with scientists, conservation organizations, wildlife authorities, and citizen scientists
across Africa, MammalMAP consolidated reliable evidence of current mammal occurrences into a
single open-access digital database. The software automatically generated online distribution maps
that are instantly visible and searchable. This database was crucial for shaping species and landscape
conservation policies and served as an excellent educational tool for raising public awareness about
the challenges facing Africa's biodiversity.

This PEER project sought to facilitate data sharing and collaboration between MammalMAP and the
Map of Life, an online biodiversity integration and visualization infrastructure led by U.S. partners Prof.
Walter Jetz and Prof. Robert Guralnik. The collaboration also integrated 15 million records of southern
African biodiversity distribution data curated by UCT into the Map of Life database, enhancing the
overall understanding and management of Africa’s biodiversity.

FINAL SUMMARY OF PROJECT ACTIVITIES

Objective 1. Consolidate mammal distribution data: The project assembled more than half a million
records of mammal distribution from a large number of sources. This incredible resource is available in
a single, open-access repository.

Objective 2. Involve and educate citizen scientists: The team averaged around 4,000 submissions of
records of distribution to the MammalMAP section of the Animal Demography Unit (ADU) Virtual
Museum. They put effort into maintaining and providing leadership to the large MammalMAP group
on Facebook. One of the weekly highlights in relation to MammalMAP was Mad Mammal Monday,
which is an important component of the education and involvement of the public.



Objective 3. Effective data processing: High standards in the identifications of records submitted to
MammalMAP have been maintained. Ten ID panel members have been responsible for the
identification and confirmation of identification of MammalMAP records in the reporting period.

Objective 4. Improvements to technology: The ADU’s information systems team (and especially
Nosipho Mali) developed software, including APls, which enable communication both into and out of
the MammalMAP database. The software team in their NST partner was incredibly helpful in providing
guidance on this. Continuous enhancements have been made to the website.

Objective 5. Ensure relevance and usefulness: All the ADU’s taxon databases are continually used by
the biodiversity assessment component of environmental impact assessments. The downloadable

databases are the best of their kind in the country, and the ADU Virtual Museum is the resource of
choice for most EIA consultants.

Objective 6. Integrate with Book of Life: MammalMAP data has been transferred to the Book of Life
project of their NST partner. The entire ADU database, consisting of some 20 million records, will
shortly be available through GBIF. They have recently installed and successfully tested their IPT server,
linked to Global Biodiversity Information Facility (GBIF) through South African Biodiversity Information
Facility (SABIF).

One other success of the project is that the team is engaged with the Department of Environmental
Affairs helping them to develop systems that generate "flags." If a developer wants to develop a site,
the website will flag the concerns that relate to the site. In other words, if a rare or threatened
mammal occurs at the site, the flag will provide an alert regarding the biodiversity assessment
conducted for the EIA, and the developer must specifically address the issue of this species. The
development of this tool enabled the outcomes of the Mammal Red Listing exercise.



SOUTH AFRICA - PROJECT 2-445: APPLICATION OF COSMIC RAY PROBES FOR THE
VALIDATION OF HYDROMETEOROLGICAL AND REMOTE SENSING MODELS

Pl: Colin Everson, University of Kwazulu-Natal

U.S. Partner: Marek Zreda, University of Arizona (Funded by the National Science
Foundation)

Dates: October 2013 — February 2017

PROJECT OVERVIEW

The vulnerability of South Africa to climate and environmental change is increasing as demands on
resources continue to rise in conjunction with rapidly growing populations. Disaster management
agencies will have to adapt to the increasing number of natural disasters, including droughts and
floods. In addition, water resources management, crop modeling, and irrigation scheduling all require
accurate, spatially distributed, daily estimates of soil water (SW) and total evaporation (ET) from
catchment to national scale. This will only be feasible through remote sensing technologies, and it is
therefore essential to further the development and integration of space-based technologies within
already existing national disaster management plans.

This PEER project leveraged the development of the Cosmic Ray Probe (CRP) as part of a National
Science Foundation-supported project. The CRP uses cosmic-ray neutrons to measure soil moisture
content over an area of tens of hectares. The Pl and his researchteam tested the suitability of a cosmic
ray moisture probe in providing data for the continued support of soil moisture modeling of South
Africa using a hydrologically consistent land surface model, accurate field and satellite-scale estimates
of soil moisture for the calibration of hydrometeorological models, and estimation of the spatial
variability of soil moisture at catchment scale.

This new technology can be employed in water demand forecasting and promises to improve the
utilization of irrigation water, especially in water scarce regions like South Africa. The probe can also be
used for predictive weather and climate models by measuring soil water content. The project
improved the quality of soil moisture data that feed into the South African Flash Flood Guidance
System, which provides alerts to the public based on current and predicted rainfall. The system
currently uses a relatively crude evaporation model. Therefore, the application of CRP data should help
in validating evaporation estimates with better temporal and spatial resolution, thus improving the
accuracy of flash flood predictions.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Everson and his team selected three different sites with contrasting land uses for this study:
agricultural crops at Baynesfield (soybean and maize) near Pietermaritzburg; natural grassland
vegetation at Cathedral Peak in the KwaZulu-Natal Drakensberg; and commercial forestry at the Two
Streams catchment, afforested with Acacia mearnsii (Black wattle) in the KwaZulu-Natal midlands. The
PEER team also purchased a CRP rover to obtain estimates at a scale suitable to validate remote
sensing.



Cosmic ray probes were installed on tripod masts in each of the three research catchments, connected
to a datalogger with an antenna used to send data via satellite link. The CRP estimates were validated
against in-situ SW datasets to test the suitability of the CRP to provide spatial estimates of SW. At the
Cathedral Peak Catchment site, the CRP followed the same seasonal trend as the in-situ SW estimates.
The CRP correlated to the in-situ SW dataset better in the wetter periods, when the SW values were
higher (above 30%) compared to the drier periods. Overall, this data correlated well with the in-situ
SW dataset. The Satellite Applications and Hydrology Group (SAHG) SW was obtained in Standardized
Soil Moisture Index format and converted to SW by using a representative porosity value. The SAHG
SW estimatesfollowed the same seasonal trend as the CRP estimates with a close correlation between
the two datasets, in terms of general increases and decreases in SW content. The CRP had more
variation in SW from day-to-day. The researchers also back-calculated SW from relative evaporation
and evaporative fraction estimated using the Surface Energy Balance System (SEBS) model, but the
SEBS model performed poorly against the CRP validation data.

The Pl and team members presented methodology and findings of their studies through several
technical presentations both in South Africa and internationally. The CRP equipment acquired through
this PEER project has created a platform for a PhD student's ongoing doctoral studies. The team also
was awarded a $20,000 grant for continued hydrometeorological monitoring at the Two Streams
catchment.

PUBLICATIONS
Thigesh Vather, Colin S. Everson, and Trenton E. Franz. 2020. The applicability of the Cosmic Ray

Neutron Sensor to simultaneously monitor soil water content and biomass in an Acacia mearnsii
forest. Hydrology 7: 48. https://doi.org/10.3390/hydrology7030048
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SOUTH AFRICA - PROJECT 2-181: CLIMATE CHANGE AND ARID-ZONE BIRDS:
VALIDATION OF A BEHAVIORAL INDEX FOR ASSESSING SPECIES’ RELATIVE
VULNERABILITIES TO RISING TEMPERATURES

Pl: Andrew McKechnie, University of Pretoria

U.S. Partner: Blair Wolf, University of New Mexico (Funded by the National Science
Foundation)

Dates: August 2013 — March 2016

PROJECT OVERVIEW

Predicting the impacts of climate change on birds is one of the greatest challenges currently facing
ornithologists. Bird communities inhabiting hot desert environments may be particularly vulnerable to
rising temperatures due to thermal stresses and unpredictable water and food resources in these
habitats. Increasing temperaturesin hot deserts are predicted to cause bird range changes, but there is
currently no capacity to predict which species will respond first or when. Making such predictions
requires a mechanistic understanding of the links between the physical/environmental characteristics
of habitats and organismal performance. The physiological research needed to elucidate these links
requires time-consuming and intensive study of individual species, making this approach generally
unsuitable for anything more than a small subset of the species that make up arid-zone bird
communities.

The research carried out as part of this PEER project sought to validate a behavioral index of
vulnerability to heat stress in birds inhabiting hot desert environments. Dr. McKechnie and his team
tested predictions that related heat dissipation behaviors to underlying changes in body temperature
and hydration status in model species that varied in terms of the relationship between environmental
temperature and heat dissipation behaviors. The overarching aim of this research was to develop a
rapid assessment tool, whereby the relative vulnerabilities of birds making up arid-zone communities
to more frequent and severe heat waves could be assessed largely based on behavioral observations.

The development of such a rapid assessment tool meant that the species most vulnerable to the
impacts of climate change could be identified in any desert environment, anywhere in the world, on
the basis of readily collectable behavioral data.

FINAL SUMMARY OF PROJECT ACTIVITIES

In the final year, the graduate team member spent three months at their field site near Askham in the
Kalahari Desert. During this time, she obtained behavioral and body temperature data for two species:
Namaqua Dove and White-backed Mousebird, using the same approaches as during the first and
second field seasons. The data collected consisted of body temperatures using VHF temperature-
sensitive transmitters, behavioral observations to quantify the temperature-dependence of heat
dissipation behavior, and experimental manipulations of hydration status to test hypotheses
concerning the interacting effects of hydration status and thermoregulation.

Behavioral analyses and body temperature data collected revealed several key findings. One major
question for the project was establishing whether HD50 values vary between captive and free-ranging



birds. The data suggests that, for all but Cape Turtle-Doves, HD50 is either slightly higher or slightly
lower under captive conditions. Omnivorous species tend to have lower HD50 in captivity whilst
granivores and frugivores have higher HD50 in captivity. Of the four species examined, no changes in
heat dissipation behavior with water restriction were observed for the two frugivorous species. For
these two species, HD50 on water restricted (WR) days was almost identical to ad libitum (AL) HD50,
where water was freely available. There remains more than 10 °C variation in captive HD50 values,
providing the interspecific variation necessary to test hypotheses concerning the physiological basis of
these behavioral differences. Frequency distributions of daytime body temperatures for eight species
reveal relatively high body temperatures, with modal values between 41 and 43 C for all species
investigated.

As expected, the three columbids (i.e., doves and pigeons) appear to show slightly lower values
compared to passerines. Preliminary data of body temperature for the water restriction experiments
do not reveal any obvious differences in patterns of thermoregulation on hot days between conditions
of ad libitum water availability (AL) and water restriction (WR). There appear to be no major shifts in
modal body temperature with water restriction for any species tested. There are interesting interaction
effects between air temperature and water restriction, suggesting that on only on water restricted
days body temperature increases with increases in air temperature.

In summary, the team collected data for nine species, which was the total envisaged in the original
proposal. At the time the final report was submitted, the PhD student was in the process of analyzing
this very large dataset (the number of body temperature data points, for instance, runs into many
thousands for each species).

PUBLICATIONS
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SOUTH AFRICA - PROJECT 2-176: DEVELOPMENT OF ADVANCED COMPOSITE
MATERIALS AND GEOPOLYMERS FOR THE REMOVAL OF URANIUM AND TOXIC
ELEMENTS FROM GOLD MINE-POLLUTED WATER

PI: Hlanganani Tutu, University of the Witwatersrand

U.S. Partner: Edward Rosenberg, University of Montana (Funded by the National
Science Foundation)

Dates: October 2013 — September 2016

PROJECT OVERVIEW

The Witwatersrand Basin in South Africa faces significant water pollution challenges due to acid mine
drainage (AMD) from gold mining activities. AMD in the region contains a wide range of toxic
elements, including uranium, arsenic, lead, mercury, and other metals, primarily emanating from
inactive or abandoned mine facilities like tailings storage facilities, tailing ponds, waste rocks,
abandoned mine shafts, and open pits. Due to a lack of funding for treatment, surface and
groundwater resources are continuously contaminated, impacting communities that rely on these
water sources.

This PEER project studied two remediation approaches for the polluted water. The first focused on
treating tap water used by households drawing from mine-polluted aquifers. Silica polyamine
composites (SPC) were developed for the removal of uranium and other toxic elements, intended for
use in faucet filters and columns that could be inserted into drinking water containers like kettles and
jars. Since commercially available adsorbents are often expensive and out of reach for affected
communities, and affordable options like activated carbon are not very effective for removing uranium
and arsenic, the study explored augmenting activated carbon with SPC to improve element removal.

The second approach concentrated on bulk remediation at contamination sources, developing cost-
effective geopolymeric materials using fly ash from coal mining, slag from furnace smelters, and a
silicate binder. This material was used in concrete mixes to form porous reactive barriers at mine-
polluted sites to intercept polluted water flow, providing an adsorption surface for toxic elements and
improving water quality. The project also investigated the potential recovery of low levels of precious
metals, such as gold and silver, from gold mine-polluted water. By allowing these metals to load onto
the adsorbents over time, they could be desorbed by an acid leach and concentrated using SPC
selective for precious metals and uranium, enabling economic recovery and possibly reducing or
eliminating remediation costs. This study may have broad applications in South Africa's mining industry
and provided opportunities for students to engage in applied and fundamental academic research.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Tutu and his team achieved several milestones that can be summarized as follows:

Water is a scarce resource in South Africa, as it is in most of the countries. The few available resources
tend to be contaminated, leaving communities with little choice but to use such contaminated

resources. This research explored the possibility of using cost effective methods to remediate mine
contaminated water and to recover any potential value from it. A variety of adsorbents that can now



be deployed to the sites were developed and tested at laboratory scale. These adsorbents showed
potential to remove toxic elements such as uranium, mercury and lead from contaminated water, thus
rendering the water safe to use by households. Recovery of low levels of gold from the mine leachates
was found to be possible using modified zeolites that tend to be very selective.

Through PEER funding, Bronwyn Camden-Smith graduated with a PhD in July 2016. Her research work
was based on water chemistry characterization and modeling of processes related to the distribution,
transport and speciation of elements in mining environments. Six publications and a book chapter
were realized from her work.

Two BSc Honors students were also recruited, Tshepiso Mpala and Tshegofatso Mabilane. Ms. Mpala’s
project focused on using modeling to predict changes in water chemistry in an acid mine drainage
treatment plant. The findings showed that it is possible to reduce the amount of neutralizing agents
(e.g., lime) without compromising the quality of the resulting treated water as long as the sludge
produced within the process was recycled and used to condition the incoming acidic water.
Furthermore, the work showed that it is possible to use modeling as anintegral part of the process
design and optimization.

Ms. Mabilane contributed to a project on recovering low levels of gold in mine leachates using a
sulphur modified zeolite. The project was predicated on the premise that gold that was left over by
metallurgical processes and disposed in tailings leaches out over time as a result of weathering of the
host ores. This gold can be salvaged by using selective adsorbents such as those containing sulphur
groups as they tend to have a high affinity for gold. The adsorbents have also been found to have a
high affinity for mercury, a toxic element that is usually contained in gold mine leachates.

The team's connections and collaborations with AngloGold Ashanti and the Cancer Association of
South Africa (CANSA) have been strengthened. AngloGold Ashanti are interested in the possibility of
reclaiming the contaminated water and the recovery of value from the water e.g. recovering low
concentrations of gold from mine leachates. CANSA are interested in the effectiveness of the
adsorbent materials in removing carcinogenic contaminants. Other organizations that have been
engaged through the project are Mintails (a gold mining company) and the Trans Caledon Tunnel
Authority (TCTA) that operates the acid mine drainage treatment plants in the Witwatersrand Basin.

In summary, the research findings have shown that it is possible to develop cost effective materials
based on natural materials such as fly ash and zeolite to remove toxic elements e.g. uranium from
mine contaminated water and that it is possible to use the developed materials to recover value (e.g.
gold lost through leachates) from such water. The findings have also demonstrated the potential
application of these materials on a large scale (e.g. fly ash-cement composite) and on a small scale
(e.g. functionalized zeolite in column systems deployed in household water containers).

The PI plans to continue the deployment of adsorbents in the field, i.e. both at mine sites (bulk
adsorbents) and households (small scale adsorbents). A variety of adsorbents (that have been
identified as one of the spinoffs of this project) will also be studied in further projects. These have
been extended to include the recovery of precious metals such as gold and silver as well as the rare
earth elements.
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TANZANIA

TANZANIA - PROJECT 9-456: MOROGORO YOUTH EMPOWERMENT THROUGH
ESTABLISHMENT OF SOCIAL INNOVATION (YEESI) LAB FOR PROBLEM-CENTERED
TRAINING IN MACHINE VISION

Pl: Kadeghe Fue, Sokoine University of Agriculture

U.S. Partner: Glen Rains, University of Georgia (Funded by the United States
Department of Agriculture/ National Institute of Food and Agriculture)

Dates: May 2021 — February 2024

PROJECT OVERVIEW

This project established a social innovation lab (YEESI) for a machine vision program that will be used
by youth in the Morogoro region of Tanzania. The idea for the effort arose because there were young
people in the area who had studied information technologies and allied sciences, and while most of
them can write computer programs, they cannot solve machine vision problems. This project aimed to
increase awareness among the youth of Morogoro and nearby regions to address machine vision
problems in agriculture. Machine vision is a new and understudied practice in Tanzania; hence, this
project will contribute to efforts in the creation of scientific societies that address the most pressing
problems faced by the more than 80% of Tanzania’s population who engage directly in farming.

The main agricultural problems that could be addressed using machine vision may be classified into
five categories:

1. Disease Detection and Classification: The project intended to develop experts who will solve
problems in disease identification using machine vision for most of the diseases in crops and livestock,
which are misdiagnosed by farmers.

2. Weed Classification: The project set out to develop algorithms that accurately identify weeds
and contribute to the growing scientific database for automatic weed detection.

3. Pest Detection and Classification: Appropriate tools using machine vision for Integrated Pest
Management (IPM) are needed in Tanzania, as IPM has been hindered due to a lack of extension
officers to train farmers on mitigation and identification of pests in agriculture.

4. Crop Seedlings Stand Count and Yield Estimation: Use of machine vision and drones instead of
scouting manually to estimate stand counts would provide appropriate mitigation strategies for

replanting that would be beneficial to commercial farmers. Also of importance are algorithms to sort
and estimate yield by counting the fruits and to estimate the amount of other agricultural products.

5. Crop Vigor Estimation: Most farmers apply inputs evenly across the farm because they cannot
predetermine crop vigor. Accurate estimation of crop health would help farmers to mitigate the
problems earlier and improve crop performance and avoid failure. Algorithms to determine crop vigor
developed in this project are anticipated to contribute to the improvement of the methods to estimate
crop performance earlier.



FINAL SUMMARY OF PROJECT ACTIVITIES

The YEESI Lab at Sokoine University of Agriculture is a center of excellence for advancing ICT education
in Tanzania. Supported by PPER, the lab has been at the forefront of innovation and has designed
problem-based and student-centered methodologies that have helped bridge the gap between
theoretical knowledge and practical skills. The lab's hands-on approach to learning has enabled it to
host training workshops and engage students in competitions that provide essential skills needed in
the tech industry. These skills include startup establishment, fundraising, and specialized training in
Machine Learning (ML), Machine Vision (MV), and Natural Language Processing (NLP) applications.
This approach has not only enhanced the technical proficiency of students but also fostered significant
personal growth.

Furthermore, the lab has been committed to promoting gender equality in the tech industry by
encouraging female students to participate in competitions and challenges, such as those presented by
Zindi African Challenges and hackathons, making them more competitive in job markets. These
competitions have helped showcase the capabilities of students on various scales, and they have
gained recognition and awards that validate their skills and increase their visibility and credibility
within the tech community.

One of the exceptional aspects of the YEESI Lab's efforts is its focus on technological advancement and
community impact, which has facilitated substantial local development. By fostering innovation and
building capacity, the lab has contributed to sustainable agricultural practices and economic growth
within Tanzania. The lab has helped establish five Artificial Intelligence start-ups that develop
technologies to assist farmers in making data-driven decisions. This integration of diverse disciplines
has also cultivated an entrepreneurial mindset among students, positioning them well for future
endeavors in technology and entrepreneurship.

The YEESI Lab has trained students and worked with start-ups and NGOs to establish the first
comprehensive machine vision dataset suitable for central regions of Tanzania. The dataset has been
open-sourced to allow more collaborators to work on it while developing Machine Learning models
that would be useful in Tanzania and Morogoro region. The startups can use the data for free. The lab
has also collected more data using drones, which involved training farmers on the beneficial use of
drones, since it is a new technology to most remote areas where most farmers are located. The
farmers were able to understand how drones work and present problems that they think drones may
help solve, including issues on salinity and floods.

It is worth noting that the YEESI Lab's approach to problem-based learning has yielded exceptional
results, and some achievements have been made by students who were not enrolled in ICT degree
programs. This demonstrates the effectiveness of involving multiple disciplines in ICT-related problem-
solving and innovation. Through these comprehensive efforts, the YEESI Lab has enhanced the
educational landscape in ICT and contributed significantly to community entrepreneurship,
empowerment, and sustainable development. The lab has positioned itself as a leading center of
excellence in ICT education in Tanzania, and its innovative methodologies have become a benchmark
for other institutions seeking to improve their education systems.
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TANZANIA - PROJECT 9-257: SOLAR DRYER INTEGRATED WITH ENERGY STORAGE
SYSTEM: AN ENERGY EFFICIENT AND ENVIRONMENTALLY FRIENDLY TECHNOLOGY
FOR DRYING BIOMATERIALS IN TANZANIA

PI: Thomas Kivevele, Nelson Mandela African Institution of Science and Technology
(NM-AIST)

U.S. Partner: Sunghwan Lee, Purdue University (Funded by the National Science
Foundation)

Dates: July 2021 — October 2023
PROJECT OVERVIEW

More than 40% of agricultural produce in developing countries is wasted, not only due to lack of
storage and processing facilities, but also due to limited knowledge of processing technologies.
Biomaterials, which are traditionally sun-dried, are often of poor quality due to the complexity in
controlling drying parameters. Presently, most farmers in Tanzania use biomass and natural sun for
drying their farming products, but biomass is becoming increasingly scarce and farmers, especially
woman, have to walk long distances to fetch firewood (Mwema and Gheewalaa, 2011). Tanzania
receives abundant solar radiation that can be used for drying agricultural produce. Solar dryers have
the potential to exploit this renewable resource, and the technology is attractive because of its ability
to rapidly, uniformly, and hygienically meet drying standards with zero energy costs. Despite
development of solar drying technology in sub-Saharan Africa, most countries like Tanzania have seen
limited market penetration because of a need for further research. Many solar dryers are only useful
on sunny days and useless at night or during cloudy days. To facilitate drying in the absence of sunlight,
dryers must have the capacity to collect and store heat for later use (e.g., overnight drying).

This project was intended to develop an inexpensive, effective, and reliable solar dryer integrated with
a thermal energy-storage system made of locally abundant and affordable materials (rocks) with
favorable thermal and mechanical properties. The dryer prototype includes a solar collector and bed
storage made of carbonate (dolomite and limestone) and granitic rocks. The project further
theoretically and experimentally investigated in-situ performance and economic feasibility of the
developed dryer.

FINAL SUMMARY OF PROJECT ACTIVITIES

Before designing their solar dryer, the team studied challenges of existing solar dryers that were
developed in Tanzania by the Centre for Agricultural Mechanization and Rural Technology (CAMARTEC)
based in Arusha-Tanzania. The team found that CAMARTEC were constructing passive solar dryers,
which become useless in the absence of sunlight, thus interrupting the dehydration process at times of
low light or at night when solar radiation is unavailable, resulting in a bad quality of the dried products.
In addition, since temperature control in drying using this type of dryer is difficult, at high temperature
a product can be dried too quickly resulting in surface hardening, which increases resistance to
moisture diffusivity. Heat sensitive agricultural produce is therefore recommended to be dried using
appropriately lower temperatures to lessen or avoid case hardening of the product.

The team in this project managed to design and construct a prototype of solar dryer integrated with



natural rocks as energy storage materials to prolong the drying process when the sunlight is
unavailable. The project analyzed the selected rock samples (soapstone and granite) to be used as
energy-storage materials in the proposed dryer and in the concentrated solar power generation. Caton
soapstone performed the best as a thermal energy storage material, effectively absorbing, storing, and
transmitting heat while maintaining good chemical stability and mechanical strength, a sign that
soapstone is a strong contender for energy storage in drying applications and concentrated solar
power generation.

The developed dryer was installed at a Tanzania Horticultural Association (TAHA) training center, where
tests were carried-out and groups of small-scale farmers involved in drying agricultural produce have
being granted access to use it. According to the results, the drying temperature within the drying
chamber ranges between 45 and 65 °C. The team patented the developed dryer with the Business
Registration and Licensing Agency (BRELA) in Tanzania.

The quality analysis tests of dried vegetable (carrots) and fruit (pineapples) were done at Sokoine
University of Agriculture based in Morogoro, Tanzania. The fresh and dried carrot and pineapple were
grounded into fine paste and powder form by using an electric blender. The fine paste/powder was
then used in the analysis. The dried products retained micronutrients (vitamins and minerals) and had
concentrated proteins and carbohydrates as compared to fresh products and those dried using
traditional open sun methods, as detailed in the team’s second published paper.

The first project awareness workshop was conducted on December 10, 2021, which helped to enhance
the knowledge of stakeholders on solar drying technologies due presentations made by the project
principal investigator and students. The workshop was attended by 29 stakeholders (12 females and 17
males) from government institutions, nongovernmental organizations, and community groups. The
participants were informed on the importance and expected impacts of this project especially on
reducing post-harvest loss through drying and environmental friendliness of the technology. The
second workshop to demonstrate the developed dryer prototype was held on October 21, 2022,
where staff from USAID and NASEM also attended to oversee progress of the project.

A mentorship program on STEM was organized to assist secondary and primary schools in developing
drying and biofuels innovations. The team visited these schools for mentorship programs, which
included raising awareness about clean energy technologies and their projected contribution to
greenhouse gas reduction. Five primary and five secondary schools within Arusha region were engaged
in this program. The purpose of the program is to mentor and motivate the young science students to
come up with innovations in clean energy technologies. One technical research presentation was made
at the World Science Forum held in Cape town, South Africa in December 2022.

U.S. partner Prof. Sunghwan Lee and Prof. Richard M. Voyles from Purdue University visited NM-AIST in
June 2023 to discuss project progress and develop further collaborations beyond life time of this
project. They visited a prototype of the developed dryer and presented a seminar to NM-AIST
scientists. A number of stakeholders from NM-AIST, Tanzania Horticultural Association (TAHA), Arusha
Technical College (ATC), Centre for Agricultural Mechanization and Rural Technology (CAMARTEC),
Tanzania Commission for Science and Technology (COSTECH), and invited groups of small-scale farmers
attended the meetings, where key findings from the project were presented by the principal
investigator of the project and the students supported by the project.

The techno-economic assessment and life cycle analysis indicate that the payback period for the dryer
for drying pineapple is 1.5 years, and for carrots 1.6 years, which is a short period as compared to the



estimated 20-year lifespan of the dryer. The dryer is also environmentally friendly with negligible

emissions. Based on thermal and economic performance assessment results, the developed solar
dryer is technically and economically viable and is currently being piloted by two groups of women
engaged in drying agricultural products for business (Mwambesi in Arusha and Efeso from Moshi-
Kilimanjaro).

PUBLICATIONS
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TANZANIA - PROJECT 8-81: ENHANCING POSTHARVEST TECHNOLOGIES AND
FOOD SAFETY INNOVATIONS IN FRESH TOMATO VALUE CHAIN

Pl: Yasinta Muzanila, Sokoine University of Agriculture

U.S. Partner: Yaguang Luo, United States Department of Agriculture/ Agricultural
Research Service

Dates: November 2019 — December 2021

PROJECT OVERVIEW

Although tomato is the dominant vegetable crop produced in Tanzania, it exhibits amongst the highest
postharvest losses in the horticulture sector, ranging between 30% and 60%. Various initiatives have
shown limited success and no marked effect on postharvest loss reduction in Tanzania. Most of these
initiatives are based on a single component of postharvest loss solutions. While past studies suggest
the use of a holistic model for postharvest loss reduction, the impact of this model has not been tested
in the tomato value chain. By working with partners across the public and private sectors, this PEER
project model integrated the building of local capacities through innovative training; the uptake of
innovative, small-scale, appropriate postharvest technologies; and research into intersectoral
collaboration. The goal of the study was to contribute to improving the productivity of smallholder
farmers and reducing postharvest losses through capacity building and uptake of innovative
postharvest technologies. The key activities of the project included (1) assessing farmers’ knowledge
and behavior regarding postharvest technologies in the tomato value chain; (2) developing a
postharvest technology plan in the tomato supply chain; (3) evaluating food safety improvements and
quality changes of the postharvest technology plan; and (4) providing training on suitable postharvest
handling practices.

FINAL SUMMARY OF PROJECT ACTIVITIES

Task 1: Assess farmers’ knowledge and behavior on postharvest technologies in the fresh tomato
value chain. The project team comprehensively evaluated the current postharvest loss of tomatoes, as
well as farmers’ beliefs, attitudes, and perceptions of conventional and improved postharvest
technologies. They found that perceived benefit and costs, absorptive capacity, complexity, and
compatibility of postharvest technologies chiefly influence their adoption. The team also surveyed the
social aspect of the postharvest technologies and focused on gender-related issues, such as dynamics
of power in the tomato value chain, ownership of the technologies, and the extent to which the
reduction of postharvest losses excludes people from the value chain. The research team established
the scientific evidence for fundamental gender and environmental issues underpinning the adoption of
postharvest technologies by smallholder farmers. This information has formed the basis for a database
on the status of postharvest losses in Kilolo Districts.

Task 2: Develop a post-harvest technology plan for improving fresh tomato safety and quality. The
project applied a participatory research approachto select an appropriate postharvest technology plan
for reducing post-harvest loss based on smallholder farmers' needs and priorities. Farmer participants
worked together with the researchteam and a horticultural specialist from the horticultural unit of the
Department of Agriculture of Kilolo District Council to select local and impactful postharvest handling
practices. A thorough analysis of the existing situation was conducted in the three-agroecological
zones of Kilolo. Under impact analysis, farmers proposed an intervention that constitutes a set of



postharvest handling practices that would make a real difference to their farm performance. The
impact analysis was quite useful in identifying areas for interventions with low-cost postharvest
technologies and avenues for capacity building in these areas. Based on the farmers’ needs, the team
proposed postharvest handling practices, which can have the greatest impact on reducing post-harvest
loss such as proper harvesting, precooling after harvest (on-farm cooling (eg. ZECC), proper packaging
(plastic crates), cleaning or disinfecting, sorting and grading, storage, appropriate mode of
transportation, and sanitation. The research team therefore developed the comprehensive postharvest
technology plan that covers two major areas for improvement: (1) postharvest handling practices for
tomatoes at harvesting, pre-cooling after harvest, cleaning or disinfecting, sorting and grading,
packaging, storage, and transportation; and (2) postharvest treatment techniques for maintaining the
quality of fresh tomatoes.

Task 3: Training on pre-harvest and gender-based postharvest technology and practices. The research
team set up an innovation demonstration farm (IDF) after designing the facility in collaboration with
Kilolo District horticultural management team after a brief visit to Mahenge ward for site identification
in November 2020. The site set-up was implemented by a private company, TONE Irrigation Co. Ltd. of
Arusha, Tanzania. The IDF was installed with low-cost and gender-based postharvest technologies such
as thatch shade, improved packages such as plastic crates, field packing, grading/packing stations, and
simple postharvest equipment such as a washing station, sand, and brick-based evaporative cooling
(zero-energy cool chamber). The IDF was managed by a team composed of the Mahenge ward
agricultural officer, Irindi agricultural extension officer, and farmers’ group steering committee. The IDF
management team was trained by the project team and Kilolo district horticultural management team
on basic skills such as inventory control, supervision, and recordkeeping. The team’s preliminary
studies under Task 1 revealed that postharvest losses in Kilolo District are intensified by smallholder
farmers’ lack of knowledge of good agricultural practices, especially during seed selection, seedling
production, land preparation, pest management, and fertilizer application. The project team provided
several demonstrations and training programs on pre-harvest and good agricultural practices. Twenty-
five young farmers (17 men, 8 women), the Kilolo District horticultural management team, two
agricultural extension officers, and an irrigation engineer from TONE Irrigation were involved in the
demonstrations. In addition, the PEER teams also conducted several training workshops on
postharvest technologies to support farmersand build their capacity. The project recruited and trained
16 agricultural extension officers from Kilolo District as post-harvest horticulture trainers. The project
team organized 5 training workshops and onsite training of farmer group, with a total of 147
beneficiaries, including smallholder farmers, traders, packers, and transporters.

As for research outputs, the Innovation Demonstration Farm (IDF) as a tool to offer on-farm
demonstrations to the horticultural industry. The project also resulted in a trainers manual and other
training materials that provide an overview of postharvest handling practices and treatment methods,
as well as gender, social, and environmental considerations in the tomato value chain. This document
has been produced for use by concerned government agricultural extension systems and private sector
persons interested to understand the principles of post-harvest handling in the tomato value chain.
Along with the manual, the team also produced a series of booklets for extension personnel and
leaflets for farmers, traders, and transporters on postharvest technologies and safe vegetable
production. The leaflets are in Swahili, the language of the majority of the smallholder farmers.

All'in all, the PI Dr. Muzanila reports that her project resulted in improved knowledge on farmers’
behavior regarding postharvest technologies in the tomato value chain. Postharvest technology
delivery systems were strengthened through innovative training and demonstration, and smallholder
farmers gained improved knowledge and skills on postharvest handling practices. The project showed



how implementing simple, gender-based postharvest technologies can help women and smallholder
farmers in Tanzania successfully improve the quality and extended availability of fresh tomatoes with
an impact on productivity. Building from the PEER project, the Pl plans to take the initiative to harness
cloud data benefits and customize its use by combining farmers' data (crop, market, socioeconomic)
with daily weather data series. After that, she and her colleagues will characterize the tomato crop
response to the target agronomic practices and weather patterns in different agro-ecological zones.
The researchers are considering collaboration with farmer-centric organization in particular, the
Tanzania national networks of farmers’ groups in Tanzania (MVIWATA) and the Enterprise Technology
Platforms (e.g. Esoko) that already have established mobile agri-advisory services to farmers. They will
be applying for additional grants and exploring the use of a social franchise model for support.



TANZANIA - PROJECT 6-263: EXPLORING THE FATE OF MERCURY IN ARTISANAL
GOLD MINING OF THE LAKE VICTORIA GOLD FIELD
PI: Clavery Tungaraza, Sokoine University of Agriculture

U.S. Partner: Mark Cohen, National Oceanic and Atmospheric Administration
Dates: December 2017 — June 2023

PROJECT OVERVIEW

This study investigated quantitative and qualitative mercury availability in the environment
surrounding artisanal and small-scale gold mining (ASGM) locations in Tanzania, where mercury
contamination is of concern with regard to the health of community members and others who
consume food products originating from the area. Although mercury contamination can be lessened
by appropriate controls and proper handling methods, such measures are not routinely applied in
Tanzania, where mercury has been documented in different environments and studies. Mercury can be
transported away from emission sources by riverine systems to large water bodies like Lake Victoria.
The resulting fish contamination can be significant, which is a particularly serious issue as fish are the
major protein source in the region and the whole country. In Tanzania, very little data is available on
levels of methylmercury in biota and sediments and on the contribution that ASGM activities make to
these levels. Further, there is little information on the relative importance of riverine and atmospheric
processes in transporting mercury from sources to ecosystems.

All these aspects must be takeninto accountin order to understand the magnitude of mercury impacts
on the environment and on human beings. This project developed data on levels of mercury
downwind and downstream from ASGM activities in water, suspended particulate matter, sediments,
and fish and improve understanding of spatiotemporal variations of mercury levels. Inclusion of
methylmercury in the analysis represents a significant extension of the PI’s earlier work.

FINAL SUMMARY OF PROJECT ACTIVITIES

The primary focus of this project was on mercury analysis in soil, sediments, vegetables, water, and fish
samples. Specifically, the sites were located in the Lake zone encompassing Mgusu, Nyarugusu, and
Rwamgasa in the Geita region; the central region in Singida, including London and Sekenke; and the
southern highlands spanning Iringa (Nyakavalanga, Itengulinyi, and llhanzutwa) and Mbeya
(Makongolosi and ltumbi) regions. The sampling strategy was designed to cover distinct weather
seasons known to influence mercury distribution in diverse environments. One significant milestone
was the establishment of a functional laboratory at the PI’s university. Thanks to the support from the
PEER program, the laboratory was equipped with a new automated total mercury analyzer, an
automated methyl mercury analyzer, a distillation system, a freeze dryer, and associated reagents and
supplies. Comprehensive training for technical staff and researchers was conducted on the new
equipment to enhance capacity. This training even extended to the team’s project partners at NOAA
and the Smithsonian Environmental Research Center (SERC).

While notable achievements have been made, some setbacks were encountered due to various
factors. The study area scope was reduced by excluding the Iringa region (Nyakavalanga, Itengulinyi,
and llhanzutwa) because of the diminishing mining activities there. Similarly, the Mbeya region



(Makongolosi and Itumbi) saw limited coverage due to shifting land use from mining sites to
settlements. The collected samples from these areas reflected lower residues resulting from past
activities. It was noted that activities in Itumbi were relatively new and not as intensive.

Dr. Tungaraza and his team also successfully customized the method for total mercury and methyl
mercury analyses, though the analysis of methyl mercury faced delays due to postponed installation of
the analytical instrument. Furthermore, the onset of the COVID-19 pandemic proved to be a major
obstacle, significantly impacting the project's timely progress. The pandemic not only hindered
movement but also disrupted the supply chain for essential chemicals and materials from abroad. The
imposed travel restrictions affected not only the MSc student but also the entire research team,
leading to the cancellation of some fieldwork and global workshops on mercury.

With regard to broader impacts, the establishment of a reliable mercury analytical laboratory at
Sokoine University of Agriculture presents significant advantages for enhancing understanding of
mercury distribution within the Tanzanian environment. Given that one of the major sources of
mercury contamination is the element’s use for gold extraction in artisanal mining activities, having a
facility for accurate and accessible analysis is crucial. This laboratory not only ensures greater certainty
in assessing mercury levels but also acts as a catalyst for further research on mercury-related matters.
Moreover, the successful setup of this laboratory has attracted interest from various institutions
seeking analytical support. This broader recognition underscores the laboratory's capability and
expertise, encouraging collaborations and partnerships that contribute to a comprehensive
understanding of mercury's impacts and mitigation strategies. The University has become a member of
the Global Observation System for Mercury (GOS4M) and the Global Mercury Passive Network
(Canada), actively participating in atmospheric mercury sampling. This network employs an alternative
and cost-effective approach using Mercury Passive Air Samplers (MerPAs) to sample and analyze
atmospheric mercury. Project researchers regularly receive mercury samplers every three months,
which are employed for sampling in Tanzania and later analyzed at the University of Toronto in Canada.
Lastly, active engagement has been established through a monthly atmospheric sampling program
organized by the Ministry of Environment of Japan. This program involves four regional countries--
Tanzania, Namibia, Ghana, and the Republic of South Africa. Each country was provided with sampling
instruments, which were first deployed for sampling on July 31, 2023. The program aims to contribute
atmospheric mercury data to support the implementation of the Minamata Convention.

The project team collaborated with a student from Mbeya University to finalize a publication on
mercury, and Dr. Tungaraza and colleagues have two draft publications in process at the time the final
report was submitted in August 2023. Although the project has ended, the Pl indicates that related
activities will continue with the support of new initiatives accessed during the implementation of the
PEER project. These include the Global Mercury Passive Network and the atmospheric sampling
program. These two initiatives will help to undertake atmospheric mercury sampling, which was not
done during the PEER program. They will be integrated with PEER achievements through the
knowledge of the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model gained
through PEER-supported collaboration with the project partner at NOAA. Dr. Tungaraza also expects to
continue his collaboration with NOAA researchers to highlight the problem of mercury contamination
in the Lake Victoria basin and the need for regional monitoring of this pollution problem as an element
of overall regional health monitoring efforts.



TANZANIA AND KENYA - PROJECT 3-80: WASTE TO RENEWABLE ENERGY:
BIOGAS CLEANUP (UPGRADING) IN TANZANIA AND KENYA

PI: Cecil King’ondu, Nelson Mandela African Institution of Science and
Technology, with Co-Pl Owino Joseph Hazael Odero, South Eastern Kenya
University

U.S. Partner: Puxian Gao, University of Connecticut (Funded by the National
Science Foundation)

Dates: December 2014 — May 2017

PROJECT OVERVIEW

The adoption of small and large-scale biogas production technology is on the increase in Africa, first,
due to the need to supplement conventional power, which is inadequate and unreliable in the urban
centers and missing in rural areas, and second, due to the growing environmental concerns associated
with the use of fossil fuels. However, despite the growing biogas generation and utilization, there is no
technology available for biogas cleanup. In Kenya and Tanzania, biogas is utilized as-produced, with no
attempts to clean it, mostly by households, schools, flower farms, and other establishments.

This project was intended to create awareness among the general public of the contaminants in biogas
and their effects on human health, the environment, and infrastructure; build capacity of academic
staff and graduate students in biogas cleanup; and develop inexpensive, effective, and reliable
technology for domestic and large-scale biogas cleanup. Biogas contains a plethora of toxic compounds
such as siloxanes, hydrogen sulfide, carbonyl sulfide, carbon disulfide, dimethyl sulfides, and
halogenated compounds. Hydrogen sulfide is the major contaminant in biogas and is highly toxic when
inhaled. When uncleaned biogas is burnt for cooking or electricity, the sulfur compounds are
converted to SOx gases, which corrode epithelial linings of human respiratory system. Additionally, SOx
gases are associated with acid rain that wreaks havoc on our infrastructure.

This project involved fundamental studies of biogas cleanup and development of a cheap and effective
technique for biogas desulfurization at room temperature. The Nelson Mandela African Institution of
Science and Technology (NM-AIST) and South Eastern University of Kenya (SEKU) collaborated on a
tandem oxidative-adsorptive desulfurization process to remove both the H,S and more refractory
organic sulfur compounds from biogas at room temperature.

FINAL SUMMARY OF PROJECT ACTIVITIES

The synthesis of manganese oxide and water hyacinth-derived carbon nanomaterials that showed
good performance during screening tests was scaled up, and enough material for first generation
prototype filters was successfully prepared. In addition, the first generation of the prototype filters was
fabricated and their performance in removing hydrogen sulfide tested at Banana Investment Limited.
The results obtained from these studies are promising.

Both prototype and pilot filters for tandem oxidative-adsorptive or adsorptive-oxidative sulfur removal
were successfully fabricated with help from the Center for Agricultural Mechanization and Rural
Technology (CAMARTEC) and using filter cartridges, both locally made and purchased from the market.



Upon rigorous testing of the oxidative-adsorptive filters, those that had 2.5Fe-OMS-2 materials at the
biogas inlet and hyacinth-derived carbon materials at the biogas outlet side were found to be more
effective in both sulfur and ammonia removal compared to their adsorptive-oxidative counterparts.
Although, these filters gave better performance in terms of sulfur and ammonia removal, the filters
were severely deactivated by water in the form of moisture in the biogas. Deactivation by water was
expected but the extend/degree of deactivation encountered was not anticipated in the initial
proposed work. To circumvent this deactivation, the team explored strategies to reduce, if not
eliminate, moisture in the biogas before it enters the filter.

The project created huge awareness of the need to clean up biogas in local, business, and academic
communities. The interest in research around biogas clean up has heightened both at NM-AIST and
SEKU and new proposals by graduate students and staff on new materials for biogas clean up have
been developed as CAMARTEC is keen on fabricating portable and effective biogas filters from new
materials to replace large biogas filters made of low activity materials for schools. The Pl plans to
develop new research projects together that can be carried out using the facilities developed under
PEER. Through this partnership he will be able to supervise more graduate students and work closely
with Ngorongoro conservation group in exploring the potential of the Ngorongoro crater volcanic ash
in biogas clean up. Preliminary tests with these materials are promising.

PUBLICATIONS
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TANZANIA - PROJECT 3-17: COOPERATION AND COMPROMISE IN DEVELOPING
RURAL COMMUNITIES—CASE STUDY: SOLAR-ELECTRIC MINI-GRIDS FOR THE
MAASAI

PI: Kisioki Moitiko and Co-Pl Robert Lange, The International Collaborative for
Science, Education, and the Environment (Tanzania)

U.S. Partner: Krister Andersson, University of Colorado (Funded by the National
Science Foundation)

Dates: September 2014 — February 2016

PROJECT OVERVIEW

The Maasai Stoves and Solar Project, another ICSEE(T) effort, provides household-scale solar power
systems along with clean cookstoves. There are 750 homes in Maasai villages with these
improvements. A Maasai community is organized in bomas which consist of the houses of the wives of
one man, and of others arranged around a corral. The people want solar power--they are off the
electric grid and won't get on it anytime soon. To introduce solar electrical systems in rural settings, it
may be better to work with groups of houses rather than each one alone, in the process learning some
general principles that could have application in scaling and in other communities. This project studied
this assumption by creating boma-wide mini-grid solar electric systems that are likely to better serve
their needs if done well. A boma represents a larger-scale social and economic formation. In spite of
its apparent homogeneity, there are complexities of status and of relationships among women, among
children, and between everyone and the dominant and subdominant men. This makes a boma a
microcosm that can reveal issues that are of importance to development actors and scientists. In the
course of the project, this research team introduced and studied shared renewable energy resources
to see if they better meet development and social goals. The research required ideas from the
community, collaboration and agreement, and finally the physical labor to install the trial mini-grid
elements that were the basis for study in the research. Women participated and led in all stages and
tasks.

FINAL SUMMARY OF PROJECT ACTIVITIES

This research was done in the course of installing micro-grid solar systems in 10 bomas. The leadership
of the ICSEE(T) and their staff were deeply involved in this and still are. In addition, the researchleader
and students from the Community Development Training Institute (CDTI), were brought in and
collaborated on the project as well. Their NSF-funded partners were experts in studying the social and
political issues that arise in cooperative use of commonly valued resources when interests and
resources among the people are diverse and potentially in conflict.

The project team was also very interested in, and concerned about, the technology itself and the
design and utility of a micro-grid in a social unit like the boma. Because of the way pastoralists
organize their living structures, bomas are the natural and proper unit for bringing renewable and off-
the-grid electricity to the pastoralists, which has applications more broadly across Africa. The project
team provided training to Maasai men and women in the science and engineering of solar energy,
solar electrifications, photovoltaics, and the basics of electricity. A total of 22 people attended the
team’s intensive three-day workshop in December 2015 and subsequently became the installers of the



micro grids made possible by the Putnam Foundation grant and the payment by the Maasai boma
owners.

CTDI categorized both the population and the conditions of life in selected bomas prior to the micro-
grid installation. The team had originally been concerned that the social inhomogeneity of even the
small population of a boma might give rise to interesting social phenomena of the type studied

by their U.S. partners at the University of Michigan and the University of Colorado in other
development contexts. If such differences in ideas and participation in boma electrification were
important, then they would need to be taken into account in scaling and proliferating such
electrification campaigns. But because of the three points above dominating the social and
technological aspects of such electrification, there were no significant issues arising related to
differences of status in the bomas.

The CDTI research team also visited bomas after electrification and interviewed residents at some
length. Not surprisingly, what they found was an awareness in the people of just the improvements of
conditions and as would be predicted by those who know Maasai traditional living conditions and who
know what a clean, smoke-removing, cookstove and electric lighting can be for people living under
basic conditions far from the electrical grid, with 12 hours of darkness per day, and with heavy
burdens of gathering fuel and water and child care. The boma residents noted several immediate
changes for the better. There was less need for wood, allowing people to devote time saved on wood
gathering to pursue other activities, and with less wood smoke, eye and chest ailments were reduced
or eliminated. People were also able to safely keep food and veterinary items in the boma
refrigerator. Electric lighting gave schoolchildren extended study times in the evening and also
improved safety, reducing the need to kill wild predators.

In order to maintain the micro-electric grids established under this grant, and in future scaling of this
program, there have to be more people who have an understanding of basic physical science and
electricity living in the bomas that are receiving and benefiting from the micro-grid electrification. In
proposals for scaling they are now including explicit development of learning opportunities that will
make up, in part, for the poor technical education found in the schools most Maasai have attended,
and for the fact that most Maasai women have had very little schooling of any kind. The project
team is very positive and excited about finally finding a way for the outstanding technical work of the
ICSEE to have a pathway into educational improvement. They have the context, the technology, the
growing local experience, and the contact with international experts in science and technology
education that will make this not just possible, but a ground-breaking success.



TANZANIA - PROJECT 2-343: COMPUTATIONAL MATHEMATICS, MODELING AND
ANALYSIS OF BIOLOGICAL, BIO-INSPIRED AND ENGINEERING SYSTEMS

Pls: Madundo Mtambo and Burton Mwamila, The Nelson Mandela African
Institute of Science and Technology

U.S. Partner: Padmanabhan Seshaiyer, George Mason University (Funded by the
National Science Foundation)

Dates: October 2013 — September 2014

PROJECT OVERVIEW

East Africa is greatly in need of capacity building for educational excellence in science, technology,
engineering, and mathematics (STEM). The ultimate goal of this PEER project was to promote capacity
building by creating a broad network of knowledgeable scientists and researchers who can collaborate
to tackle some of the most urgent problems in food security, environment, education, water and global
health affecting Tanzania and neighboring countries.

The PEER grantees organized a three-week course on multidisciplinary applications of mathematics for
members of the mathematical, biological and engineering community in Tanzania, especially early
career researchers, graduate and post-graduate students. The goal was to create much-needed
awareness on how to pursue multidisciplinary real-world problem-solving using STEM. The project was
modeled after and built upon a successful National Science Foundation Research Experiences for
Undergraduates program that the U.S. partner directed. In particular, the selected participants had the
opportunity to learn about new content, software, and tools and apply them to solve real-world
problems.

FINAL SUMMARY OF PROJECT ACTIVITIES

Fourteen Master’s and doctoral students attended the training course, which was by the Pls and the
U.S. partner, exposing them to mathematical modeling of biological and bio-engineering systems. Each
student formulated thematic research topics in the areas of applied math, sustainable energy, science
and engineering, and water and environment. They received stipends for field work during the data
collection portion of their research. Some of these projects that the participants learned about and
worked on include fish harvesting and its economic impact, social process modeling and
bioconservation, optimization models for energy security, enhancement of student learning in STEM,
sensor networks to detect petroleum adulteration, mutualism models for rhizobia legume interaction,
and prediction of tobacco concentrations using contaminant transport models coupled with disease
dynamics.

During the PEER project, the PI Dr. Mwamila visited the United States and met a wide variety of people
and organizations for potential collaborations, including the George Mason University, National
Institutes of Health, the World Bank, and Millennium Challenge Corporation.



TANZANIA - PROJECT 1-232: CHARACTERIZATION OF CASSAVA MOSAIC GEMINI
VIRUSES AND THEIR SATELLITES IN CASSAVA AT THE CELLULAR LEVEL

Pl: Joseph Ndunguru, Mikocheni Agricultural Research Institute

U.S. Partner: Linda Hanley-Bowdoin, North Carolina State University (Funded by
the National Science Foundation)

Dates: June 2012 — August 2014

PROJECT OVERVIEW

Cassava is an important staple crop in Africa and Asia, consumed by more than 700 million people
daily. It is grown by subsistence farmers in the poorest villages and often serves as the only food
source when other crops fail or are destroyed by conflict. Cassava can thrive under drought, high
temperatures, and poor soil conditions, but its production is severely limited by viral diseases. Cassava
mosaic disease (CMD) is caused by a DNA virus complex consisting of seven geminivirus species that
synergistically enhance disease severity. Recently, two associated satellite DNAs have been shown to
break resistance and worsen symptoms.

Cassava mosaic geminiviruses (CMGs) induce diverse symptoms in cassava depending on factors such
as host genotype, age of infection, virus inoculum amount, virus strain, vector activity, and
environmental conditions. Research on CMGs has provided extensive information on viral diversity,
genome sequence, replication, transmission, disease epidemiology, and control. However, no reports
have described the cellular-level changes in cassava leaves in response to CMG infection. The goal of
this project was to establish cell biology infrastructure and expertise at Mikocheni Agricultural
Research Institute (MARI) in Tanzania and use these resources to characterize CMG infection in
cassava.

Using a combination of light and fluorescent microscopy, researchers examined CMD processes at a
cellular level in cassava leaves. They employed in situ hybridization to detect CMG and satellite DNAs
in cassava leaves, aiming to determine if different CMGs infect different leaf cell types and if the
nature and number of target cells change in mixed infections and/or in the presence of satellites. The
research team examined the cellular architecture of infected leaves to understand the physiological
basis of the extreme leaf deformation phenotypes associated with CMD satellites. This application of
cell biology to CMD provided a unique opportunity to study the interactions of different viruses with a
common host and with each other and satellite DNAs. The knowledge gained from the project was
expected to contribute to understanding this important plant virus and to developing sustainable
strategies to control it, thereby limiting its economic and nutritional impact.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project proved to be successful both locally and nationally. The information generated from this
project has helped to design cassava virus disease diagnostic tools resulting in efficient and accurate
disease diagnostics to inform the formulation of disease management strategies. Proper virus
diagnostics have resulted in the development of virus distribution maps in the country that are now
used by decision makers to decide (1) where to deploy clean cassava planting materials; (2) where to
evaluate cassava materials (hot spot areas); (3) where to multiply clear cassava materials (low disease



pressure areas); and (4) how to strengthen plant health regulations by restricting unsafe movement of
cassava germplasm. Furthermore, cassava farmers in Tanzania have received virus-free planting
materials that have resulted into a significant yield increase, and the microscopy has enabled regular
virus monitoring in the planting material.

Locally, both the human and infrastructural capacity at MARI was significantly enhanced through
training of local scientists and acquisition of the lab equipment thanks to PEER funding. University
students who should have gone abroad to conduct their research work are now conducting their
research at MARI. With this, more students can be trained and the availability of the microscopy
facility at MARI has inspired many young scientists to undertake research in the areas of
biotechnology, including disease diagnostics using molecular techniques, as well as detection of plant
viruses using the immuno and in situ hybridization techniques. Finally, this project also has stimulated
more collaboration among MARI research scientists and other institutions within and outside
Tanzania.



UGANDA

UGANDA - COV-096: THE IMPACT OF THE COVID-19 PANDEMIC ON GBV AMONG
WOMEN AND GIRLS IN INFORMAL SETTLEMENTS IN KAMPALA

PI: Juliet Kiguli, Makerere University, School of Public Health

U.S. Partner: Julia Dickson-Gomez, Medical College of Wisconsin (Funded by the
National Institutes of Health)

Dates: September 2022 — December 2023

PROJECT OVERVIEW

Gender-based violence (GBV) and intimate partner violence (IPV) have increased since the beginning
of the COVID-19 pandemic, affecting one-third of all women across the globe. Estimates of IPV are
between 18% and 36% worldwide and 22% among women in Uganda. Women residing in informal
settlements live in extreme poverty and thus are especially vulnerable to GBV/IPV. The pandemic
disrupted residents’ ability to make a living because of mandated country-wide lockdowns. A recent
longitudinal study conducted by the PI Dr. Kiguli and her team in three informal settlements in
Kampala found that 78.2% reported food insecurity during the first wave of COVID-19 and that rates of
IPV increased over time.

The main objective of this PEER project was to explore the impact of COVID-19 on GBV among women
and girls in informal settlements in Kampala, with a view to identifying entry points for testing the
SafeBangle innovation. The SafeBangle is wearable technology similar to a smartwatch that will send
an alarm by SMS to people chosen by the woman herself if she feels threatened. The project
researchers believe that the SafeBangle innovation will be effective to enhance reporting and response
to GBV survivors. The project explored the acceptability of the SafeBangle innovation as a solution to
GBV among at-risk women in informal settlements.

FINAL SUMMARY OF PROJECT ACTIVITIES

The core project team, including researchers at Makerere University School of Public Health (MaKSPH),
Medical College of Wisconsin (MCW), SafeBangle Technologies, and Somero Uganda, a community-
focused NGO, began the project by designing their research protocol and taking a CITI Program course
on human subjects social/behavioral research. Team members also met with the Ministry of Gender,
Labour, and Social Development (MGLSG) in support of the gender-based violence policy process. They
also established relationships with the Kampala Capital City Authority (KCCA) and Nakawa and
Kawempe probation offices to support legal processes for the GBV survivors.

The researchers conducted a survey among 644 girls and women in Kinawataka (Nakawa Division) and
Bwaise (Kawempe Division) to gain insights into the awareness and understanding of sexual and
gender-based violence among adolescent girls and women in informal settlements. The survey
measured socioeconomic factors, mental health symptoms, and exposure to GBV. The researchers also
conducted focus group interviews with a separate sample of women over age 18 in the settlements to
explore responses to GBV. The team found the overall prevalence of GBV was 34.1%. But half of those
between 15-19 years old were more likely to experience GBV, and generally an increase in age was



associated with a lower tendency to suffer from GBV. Women who were not employed were also more
susceptible to GBV.

Upon profiling the prevalence of GBV in the study participants, the researchers further reclassified
areas of low-risk and high-risk for GBV, mapping these high-risk GBV areas in Kawempe and Nakawa
divisions. They selected 20 study participants at high risk for GBV to participate in a community risk
assessment where they were able to show the hotspots for GBV in the community and share photos of
happy and sad moments.

The team identified and documented features of the SafeBangle interactive web platform that
required updates and enhancements. This activity was crucial to improving the functionality and
usability of the platform, which plays a significant role in supporting the SafeBangle bracelets'
effectiveness. The PEER team distributed a total of 72 SafeBangle bracelets, split between Nakawa and
Kawempe. The team on-boarded users to the SafeBangle interactive web platform and successfully
implemented remote monitoring of the bracelets, promptly responding to alerts and notifications from
users.

Of the 72 adolescent girls and women who received the SafeBangle, 22 activated the reporting button
and 19 received necessary support based on the type of violence experienced. All adolescent girls and
women who experienced GBV received a phone call from Somero Uganda to discuss the most
appropriate intervention, including counseling, police cases being handled by the probation office,
referral for health services, and post-exposure prophylaxis. All the GBV survivors received support and
are still receiving continuous follow-up.

The PEER team members are preparing manuscripts on their findings for future publications.
Meanwhile, the SafeBangle received an award at the Defender's Protection Initiative 2023 expo.



UGANDA - COV-027: THE IMPACT OF COVID-19 ON SCHOOL ENROLLMENT AND
MENTAL HEALTH OF CHILDREN IN THE MANAFWA WATERSHED AREA IN
UGANDA

Pl: Charles Batte, Makerere University

U.S. Partner: Trishul Siddharthan, University of Miami (Funded by the National
Institutes of Health)

Dates: August 2022 — December 2023

PROJECT OVERVIEW

The Manafwa watershed is the largest watershed on the slopes of Mountain Elgon in Eastern Uganda,
with three districts (i.e., Bududa, Manafwa, and Butaleja), whose vulnerable communities have
continuously been affected by natural disasters, mainly floods and landslides. Besides the high rate of
mortality from these events, these natural disasters also leave homeless families and orphaned
children, destroy farms, which serve as the main source of economic welfare, and leave long-lasting
effects on mental health and wellbeing. The negative effects of COVID-19 were also disproportionately
experienced by households and children in the vulnerable communities in the Manafwa watershed.

This study aimed to collect household-level data about the impact of COVID-19 on school enrollment
and mental health of children in the watershed. Dr. Batte and his colleagues used a mixed-methods
approach to determine school attendance before and after lockdown, as well as assess mental health
and coping methods among students. They sought to conduct interviews with selected key informants
from household heads, local leaders, and schoolteachers to collect qualitative data on perspectives,
views, and opinions on the impact of COVID-19. This project aimed to provide crucial information on
how schoolchildren dealt with natural disasters and the COVID-19 pandemic and guide the
development of psychological support systems in schools to improve the overall experience of
children.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team recruited and trained research assistants for the project. They collected enroliment and
other data from schools in the three target districts, as well as held focus group discussions with
students. The researchers found that 65% of adolescents in school had a current mental health
challenge, with anxiety being the most prevalent. Significant gender differences were observed in
anxiety, disruptive behavior, and negative self-concept, with female students reporting higher levels on
all indicators. Middle-aged adolescents were more likely to use negative-emotion regulation, while
early adolescents were found to employ distraction as a coping mechanism more often.

The findings of this study highlighted the significant prevalence of mental health challenges among
school-going adolescents. Understanding the prevalence and specific types of mental health
challenges provided valuable insights for educators, parents, and mental health professionals to tailor
interventions and support services. The findings also call for tailored support mechanisms to address
the unique needs and challenges faced by both male and female students, as well as different
intervention strategies around identification of substance abuse problems.



The team members disseminated their results during the Health and Climate Change symposium 2023
organized by Tree Adoption Uganda, the Ministry of Health, and the World Health Organization, which
was attended by more than 100 professionals, including government officials, NGOs, youth
organizations and health practitioners. They have developed manuscript drafts on their findings for
future publication.

The researchers have also connected with the administrative and educational boards of the target
districts, and who have expressed interest in the results of the study and are willing to implement
changes. The PEER team plans to continue collaborating with their U.S. partner on future manuscripts
and the formulation of new research projects.



UGANDA - COV-012: SCALING COST-EFFECTIVE, SAFE, AND QUALITY BLACK
SOLDIER FLY INSECT LARVAE ENTERPRISE FOR COVID-19 LIVELIHOOD
RESILIENCE IN UGANDA

Pl: Deborah Ruth Amulen, Makerere University

U.S. Partner: Jennifer Pechal, Michigan State University (Funded by the National

Science Foundation)
Dates: November 2022 — April 2024

PROJECT OVERVIEW

The black soldier fly larva (BSFL) is recognized as one of the most environmentally friendly sources of
insect protein for animal production. Researchers have demonstrated that BSFL is highly nutritious,
making it a potential replacement for more expensive animal-proteinfeed ingredients. In Uganda, BSFL
farming is growing rapidly despite a myriad of challenges. The Centre for Insect Research and
Development (CIRD) has piloted small-scale commercial BSFL farming under the leadership of the
principal investigator on this project, Dr. Amulen. The major milestones achieved by CIRD includes
setting up a small-scale BSFL unit producing one ton of BSFL weekly, supporting establishment of 100
BSF farming business, establishing market channels for both BSF equipment and breeding seeds such
as eggs and pupae, and creating demand for dry BSFL among poultry and pig farmers.

However, several scientific questions were asked by the Center’s farmer clients. These included
questions about the nutritional content of the BSFL produced, the mixing ratio for BSFL with other feed
ingredients, the growth rate or performance of chickens fed on BSFL-based poultry feed, and the
safety and quality of BSFL produced for chicken and consumers. The farmers also struggled with the
lack of a designated market or supply system for BSFL farming equipment or inputs. This PEER project
sought to address these technical questions while supporting more than 100 youths and women BSFL
farmers to profitably earn money from BSFL as a COVID-19 resilience strategy in Uganda.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER project’s launch event was attended by high-level stakeholders, including the Commissioner
of Entomology and his staff at the Ministry of Agriculture Animal Industry and Fisheries (MAAIF). The
event attracted media attention, including an article in the Monitor newspaper and a local radio show
interview. The researchers subsequently undertook an assessment of the impact of COVID-19 on
livestock feed protein sources and mapped actors in the BSF value chain in peri-urban Kampala. They
conducted two surveys with 256 respondents on the value chain. The team also began work on
assessing the quality and safety of BSF larvae reared with an eye on providing practical measures for
safe post-harvest handling practices. They piloted a cost-effective production model of BS by reviewing
different production and marketing models and conducting a Cost-Benefit Analysis by incorporating
agricultural economist partners from Gulu University Uganda.

The PEER team conducted a range of trainings, after which they began offering continuous support to
100 women and youth in commercial black soldier fly rearing, assisted by the entire CIRD community
of practice and other technical support services. The team also provided safety kits and information



about how to work with organic waste to 30 women organic waste collectors and conducted business
coaching clinics for 40 BSF farmers. The project also supported training four students and lab
laboratory technical staff at Makerere University on the use of Atomic Absorption Spectrophotometry
(AAS) and funded one Master’s student involved in the field study. The CIRD was expanded as a one-
stop knowledge center, including improving their commercial BSFL farming training manual to include
personnel and environmental safety measures. The Center has launched monthly technical support
meetings and conducted online and one-on-one coaching services.

The project Pl met with the Parliament Committee of Agriculture to submit views on integration of
black soldier fly in the new animal feeds bill, and used project data to justify why the BSF value chain
should be included in a new World Bank project about Ugandan agriculture. Two manuscripts on their
findings are forthcoming, and in the meantime the team presented their work in a variety of
conferences and meetings, including the Excellence in Insect Science conference, as well as to
representatives of the governments of Denmark and Saudi Arabia.



UGANDA - PROJECT 8-187: IMPROVING HAND HYGIENE PRACTICE AMONG
HEALTHCARE WORKERS THROUGH MHEALTH AND ENVIRONMENTAL CUES IN
KAMPALA METROPOLITAN AREA

PI: Richard Kibirango Mugambe, Makerere University School of Public Health
U.S. Partner: Christine Moe, Emory University (Funded by the National Institutes
of Health)

Dates: April 2020 — November 2022

PROJECT OVERVIEW

Water, sanitation, and hygiene (WASH) in healthcare facilities are critical in the provision of quality
healthcare. Good WASH infrastructure and practices should reduce healthcare-associated infections,
increase trust and uptake of healthcare services, and increase efficiency and improve staff morale. This
PEER project addressed two key questions: why healthcare workers don’t adhere to hand hygiene
guidelines in Uganda, and what are simple, effective, and inexpensive interventions to enhance hand-
hygiene practices among healthcare workers in Uganda. The Pl Richard Mugambe and the research
team studied the impact of mobile phone WASH text messages and environmental cues on hand
hygiene practices among healthcare workers in the Greater Kampala Metropolitan Area.

The researchers determined the barriers and opportunities for enhancing healthcare workers’ hand
hygiene practices, tracking outcomes, including the ratio of completed hand hygiene events to hand
hygiene opportunities and increased knowledge on hand hygiene practices.

U.S. partner Dr. Christine Moe provided critical assistance in the project by training faculty from the
Makerere University School of Public Health and staff from the Ministry of Health on using the
specified hand hygiene interventions, monitoring outcomes, and conducting laboratory procedures for
determining microbial contamination on the hands of healthcare workers.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team started with semi-structured interviews with 30 people to discuss barriers and
facilitators to healthcare workers hygiene practices. They also observed WASH procedures at selected
facilities in the study area. After this initial study, the researchers held a stakeholders’ workshop to
share their findings and engage the stakeholders in developing the design principles for the text
messages and environmental cue intervention. Among the attendees at this workshop were
representatives from Uganda Ministry of Health, the Ministry of Water and Environment, Uganda
Protestant Medical Bureau, WaterAid Uganda, and Oxfam Uganda, among others.

The researchers conducted a baseline study in healthcare facilities, collecting both quantitative and
qualitative data on infection prevention and control (IPC) and WASH. In addition, they used the WHO
hand hygiene observation tool to assess hand hygiene practice among the health workers. The PEER
team subsequently implemented both messaging and environmental cues intervention for six months
across multiple health facilities, measuring at the halfway point and at the end of the intervention. The
researchers found improvements in a variety of measures, including a 14% increase in attending to



hand hygiene before handling the patient, a 4% increase in handwashing instead of hand rubbing, and
a 14% increase in practicing hygiene after touching the patient.

During the project, the Pl helped develop curriculum for a Master’s in Environmental and Occupational
Health program, including a component on IPC and WASH in healthcare facilities, as well as a diploma
course on IPC. The Pl also worked with WaterAid Uganda on additional papers on IPC and WASH in
healthcare facilities. Combined with the findings from the PEER project baseline study, this provided
part of the critical evidence that informed the WASH guidelines for health facilities in Uganda.

The PI has also received more than $4 million in additional grants to supplement and continue work
begun during the PEER project, including grants from the Gates Foundation, the Dutch Research
Council, WaterAid Uganda and the Wellcome Trust.

PUBLICATIONS

Tonny Ssekamatte, Richard K. Mugambe, et al. 2022. Using the Behaviour Centered Design to
understand the facilitators and deterrents to hand hygiene among healthcare providers in the greater
Kampala metropolitan area: Qualitative findings from a formative phase of a cluster-randomized trial.
Research Square. https://doi.org/10.21203/rs.3.rs-1604259/v1

Richard K. Mugambe, Jane Sembuche Mselle, Tonny Ssekamatte, Moses Ntanda, John Bosco Isunju,
Solomon T. Wafula, Winnifred K. Kansiime, Prossy Isubikalu, David Ssemwanga, Habib Yakubu, and
Christine L. Moe. 2021. Impact of mhealth messages and environmental cues on hand hygiene practice
among healthcare workers in the greater Kampala metropolitan area, Uganda: study protocol for a
cluster randomized trial. BMC Health Services Research 21: 88. https://doi.org/10.1186/s12913-021-
06082-3
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UGANDA - PROJECT 8-186: PROMOTING HAND HYGIENE THROUGH
PRODUCTION AND USE OF LOCALLY PRODUCED ALCOHOL HAND-RUB IN HEALTH
FACILITIES IN UGANDA

Pl: Esther Buregyeya, Makerere University School of Public Health

U.S. Partner: Christine Moe, Emory University (Funded by the National Institutes
of Health)

Dates: April 2020 — December 2022

PROJECT OVERVIEW

Water, sanitation, and hygiene in healthcare facilities (HCFs) are critical for the provision of quality
health care and prevention of hospital-acquired infections (HAls), which are often transmitted through
contact with contaminated hands of healthcare workers. HAls represent the most frequent adverse
event affecting hospitalized patients, resulting in increased morbidity and mortality. These infections
are even more dangerous in this era of increasing anti-microbial resistance (AMR). Hand hygiene is
recognized as the single most important practice to reduce HAls and has been associated with
sustained decrease in the incidence of AMR infections in healthcare settings. Though the importance
of hand hygiene is well documented and recognized, evidence shows healthcare workers’ compliance
is suboptimal in many settings, including Uganda. Factors found to affect hand hygiene compliance
include poor access to sinks and hygiene supplies. Availability of an alcohol-based hand-rub at the
point of care has been shown to increase hand hygiene. Alcohol-based hand-rub is currently
recommended as the primary tool for hand hygiene action and promotion because it reduces bacterial
counts on hands more effectively and can be more accessible than sinks. In addition, it can be locally
produced at the HCF, making it even more accessible. However, locally made alcohol hand-rub
intervention and research is limited in Ugandan UCFs.

To address this problem, the Pl Dr. Esther Buregyeya and her team devised this project to develop a
behavioral intervention to foster hand hygiene compliance using locally-produced alcohol- based
hand-rub and assess the acceptability, feasibility, effect, and cost of using such hand-rub on
compliance among health care workers in primary HCFs in Uganda. Expected outcomes of the study
included improved hand hygiene and newly acquired skills in alcohol hand-rub production.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project on hygiene and infection control ended up being extremely timely, as it began in April
2020, at the start of the COVID-19 pandemic. The study involved three rounds of unannounced hand
hygiene compliance observations in the four study facilities to establish the level of compliance with
hand hygiene guidelines among the health workers in the study units. Those compliance rates ranged
from a low of 35% to a high of 57%. The team found that a lack of sinks, water, and single-use towels
was often a significant hindrance, highlighting the important role that could be played by increasing
the use of alcohol-based hand sanitizers. One publication by the team is under review as of August
2023, and Dr. Buregyeya and her team are still analyzing their findings to prepare additional
manuscripts. In addition, they conducted the bi-monthly continuous medical education (CME) training
sessions in all the four study facilities, with the participants including laboratory technicians, clinicians,
midwives, nurses, pharmacists, infection prevention and control (IPC) committee members, and health



facility leadership representatives. During the CMEs, they emphasized the need for hand washing,
disseminated results from the previous hand hygiene observations, and awarded the best performing
health facility units with certificates of recognition and tea supplies.

Because of this project's work in promoting hand hygiene among health workers, the PI Dr.
Buregyeya was invited to join a team funded by the U.S. Centers for Disease Control and Prevention
(CDC) working on the development of an Infection Prevention Control (IPC) Fellowship and a
postgraduate diploma IPC curriculum for health workers in Uganda. This is being done at a national
level, and the PI's department will host the program. The IPC fellowship had its first intake of seven
fellows in June 2023. Relatedly, the Pl used her experience on this project to apply for and receive a
Tropical Health and Education Trust (THET) grant in the amount of 55,000 UK pounds to train
healthcare workers in IPC, including local production of alcohol hand-rub and antimicrobial
stewardship. Dr. Buregyeya also won a $100,000 grant from Pfizer on using a behavioral approach to
design an antimicrobial stewardship intervention in healthcare facilities in Uganda.

Master’s of Public Health student Ms. Eunice Ekyakunda used her experience on the PEER project to
help her prepare her recently submitted dissertation, which she also aims to submit for publicationin a
peer-reviewed journal. In addition, the chemist on the study team, Mr. Fred Twinomugisha, was
inspired by the project activities to select as his PhD dissertation topic “The role of patient involvement
in promoting hand hygiene practices among healthcare workers in Mukono and Kagadi districts: a
mixed methods study.”

Outreach was a large part of the project to ensure that the team’s findings reached policymakers and
clinicians. In designing their intervention, the researchers convened a stakeholder insight workshop to
refine and co-create their plans. Later, they presented two posters virtually to the 2021 International
Meeting on Emerging Diseases and Surveillance (IMED) and disseminated the study findings in the four
participating health facilities. The team also made a project presentation the National IPC community
of practice hosted by the Ugandan Ministry of Health in which they raised awareness of the project
activities and achievements and disseminated some of the findings to several stakeholders. This was a
countrywide event attended by more than 100 health workers and policymakers from

across the country.

Overall, Dr. Buregyeya points to several key achievements from her project. She and her team built
capacity in the production of alcohol-based hand sanitizer in settings where hand hygiene
infrastructure is poor and such sanitizer offers the most feasible alternative. Their PEER-supported
work has also translated into long-term effects of developing a curriculum in IPC for health workers, in
which training in the local production of alcohol-based hand rub is a key practical component. Finally,
work on this project has translated into key AMS interventions aimed at improving the quality of
healthcare services, including containing the development of antimicrobial resistance, a growing
challenge in Uganda.



UGANDA - PROJECT 7-471: REPRODUCTIVE HEALTH EMPOWERMENT THROUGH
TELEHEALTH (REHEAT)

Pl: Agnes Kiragga, Infectious Diseases Institute, Kampala, Uganda

U.S. Partner: Keith Horvath, University of Minnesota (Funded by the National
Institutes of Health)

Dates: February 2019 — May 2021

PROJECT OVERVIEW

This initiative built on the Information, Motivation, and Behavioral Skills (IMB) model and a novel
telehealth information dissemination method. The IMB model suggests that health behavior change
results from accurate information, personal and social motivation, and appropriate behavioral skills.
The project aimed to develop a Family Planning (FP) information package using a human-centered
approach involving end users and experts. This method ensured culturally and scientifically
appropriate content. The telehealth services leveraged an existing platform by The Medical Concierge
Group (TMCG) in Uganda, which provides health services through voice calls, SMS, WhatsApp, email,
and social media, supporting voluntary family planning among other health areas.

The researchers evaluated users’ knowledge before and after implementing the FP intervention. With
input from a community advisory board, they designed an information pack delivered through the
existing telehealth platform and assessed its impact on FP uptake among men. The evaluation also
provided guidance for future implementations of FP and other sexual and reproductive health
interventions using similar platforms. Given the barriers men face in accessing traditional FP services,
telehealth has the potential to increase young men’s access to reproductive health information,
offering a model for delivering such services countrywide. With more than 70% of Uganda’s population
being youth, the project was timely, using youth-friendly platforms like SMS and social media to deliver
crucial family and reproductive health information, thereby increasing voluntary uptake and use of
services.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Kiragga and her team developed a fully detailed study protocol and study tools with the objective
of assessing the feasibility and acceptability of using a Telehealth platform for men involved in family
planning. The study was also designed to assess if Mobile Telephone Information Packages (mTIP)
increase knowledge, attitudes, and uptake of family planning and to determine the impact of mTIP on
couple communications about family planning. These objectives were achieved through the formation
of a Community Advisory Board (CAB) consisting of members from different backgrounds who helped
in the development of message content (mTIP) about family planning, which subsequently was sent
out to study participants. The content was categorizedinto Motivational, Behavioral, and Informational
messages. Motivational messages were meant to inform about, attract to, and demystify any
information surrounding family planning. Behavioral messages were meant to check the attitudes of
men towards family planning, and Informational messages were meant to give more educational
information about family planning.

A total of 461 men were screened, of whom 450 were enrolled into the study. Of that total, 415



(92.9%) were followed up at one month after enrollment, 404 (89.8%) at four months after enrollment,
and 432 (96.0%) at six months after enrollment. A total of 399 (88.7%) completed the one-month,
four-month, and six-month follow-ups. The study also enrolled 100 spouses of the 450 enrolled men to
help assess couples’ communication about family planning and decision making on family planning. A
total of 26,988 short mobile messages (SMS) were sent out over the six months, with an average of 66
messages received by each study participant. Out of the 450 males (primary study participants)
onboarded onto the SMS program, 426 (95%) successfully received the messages and only 24 reported
not to receiving the mobile health content. The average response (participation) rate to the weekly
quizzes was 23% for periodic quizzes.

The research team also conducted qualitative in-depth interviews to assess knowledge and attitudes
towards family planning and evaluate couples’ communication as a result of the mTIP intervention.
The study established that there was a 58% increase in knowledge about family planning after six
months of follow up from baseline, an 18% increase in family planning uptake after six months of
follow up from baseline, and an improvement in couples’ communication and information sharing. The
male participants and their spouses admitted to having candid conversations about family planning,
unlike before, when such discussions were not possible and women were afraid to talk about family
planning. Following the couples; communication, women felt supported and keen to use family
planning services without fear of spousal violence.

The study reduced poor attitudes toward family planning among men. For example, at the beginning of
the study, 25% of men believed that family planning and contraception is solely a woman's business. At
the end the study this was reduced to 2%. Similarly, at the start before receipt of the family planning
messages, 10% believed that women who use family planning are promiscuous. At study end, none of
the men still had this misconception, and this underscores the effect of the intervention on men’s
attitudes. Additionally, one of the greatest achievements that was highlighted from the qualitative in-
depth interview was the delineation of decision making with regard to family planning. Prior to the
study, men preferred to make the final decision on when and whether their spouse should use any
family planning method. At the end of the six-month study period, men preferred a joint decision
model that allows a couple to decide together regarding the preferred method of family planning. This
is a step towards women’s empowerment and increased and supported use of family planning
services.

As a result of the mTIP intervention, it was also established that men preferred interventions and
modes of communication that gave them privacy, as opposed to the traditional way of seeking health
services. Educating men would enable them to act as agents to champion the use of family planning,
and using a clear, precise language enabled them to comprehend all the information presented.
Although the PEER project has ended, the study team has continued to work on publishing their
results in scientific journals, as well as disseminating the results in other formats to different
stakeholders in order to attract more funding. The ultimate aim would be to ensure that the study
objectives are rolled out countrywide to include perceptions of people in rural settings.

PUBLICATION

Kamulegeya LH, Bwanika J, Banonya J, Atuhaire J, Musinguzi D, Nakate V, Kyenkya J, Namatende L,
Horvath KJ, and Kiragga A. 2022. Feasibility and Acceptability of a Ugandan Telehealth Engagement
Platform for Informational Messaging on Modern Contraception: Pilot Cross-sectional Study. JMIR
Formative Research 2022;6(6): e34424. https://formative.jmir.org/2022/6/e34424. DOI: 10.2196/3442
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UGANDA - PROJECT 6-158: SCALED DEPLOYMENT OF SMART-PHONE AGRO-
APPLICATIONS FOR FIELD BASED DIAGNOSIS AND REAL-TIME SURVEILLANCE
DATA COLLECTION

Pl: Ernest Mwebaze, Makerere University

U.S. Partner: Jesse Poland, Kansas State University (Funded by the National Science
Foundation)

Dates: December 2017 — November 2018

PROJECT OVERVIEW

Cassava is a very important food security crop in Uganda and in the region and is a major crop grown
by small-scale farmers who depend on it for their livelihood. The overarching goal of this project was
to improve livelihoods of these small-holder farmers through provision of better tools that offer them
actionable information about the health of their crops. This goal can further be broken down to two
aims. The first centered around crowd sourcing of crop disease surveillance data from farmers. A total
of 200 farmers were provided with smartphones and, using several incentive schemes, were
encouraged to collect data about the state of health of their farms and gardens. The data included
both images and their geo-coordinates. The principal investigator’s hypothesis was that a great deal of
data could be collected from all over the country cheaply and that this would be an empowering
activity for the farmers. The second aim was to provide farmers with a system that can be used to
provide real-time diagnosis of their crops. The mobile phones were equipped with software that can
calculate the state of health of a cassava crop by analyzing an image of its leaves. Farmers are
therefore able to make the necessary early interventions in their own gardens.

This project drew on a prototype crowd sourcing system that the Pl and his team had been testing for
more than a year. They distributed phones to 29 people involved in agriculture in the different regions
of Uganda and created a mobile phone application that they modified to allow the participants to take
pictures of crops and upload them in real time. Data collected consisted of an image of the cassava
crop, the GPS coordinates, and a statement of whether the image taken was representative of
disease, pests, or an anomaly. Using this system the researchers collected more than 4,800 images
from different places in Uganda (http://adsurv.mcrops.org/). Their PEER award allowed them to
expand the network to 200 participants in order to generate evidence for a large-scale deployment of
a digital system for crop disease surveillance data collection. In particular, they were interested in
understanding how accurate the inferences from such data can be, how useful an on-field diagnosis
application can be for smallholder farmers, and what incentive mechanisms work.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Pl and his team implemented this project in 12 months to scale-up activities of a previous BMGF
funded project that supported the initial outreach and engagement with farmers. This project
leveraged the success in that pilot to grow the number of farmers from 25 to 200 using a network of
smartphones to report surveillance data to the National Crops Resources Research Institute(NaCRRlI),
the body in Uganda charged with carrying out surveillance of cassava throughout the country.


http://adsurv.mcrops.org/

The Pl engaged several undergraduate and graduate students in the project, enabling them to grow
their skills and contribute to its success. Farmers gained knowledge on how to diagnose diseases in
cassava and have used the training and knowledge obtained to develop businesses based on providing
clean cassava planting materials, thus supporting their livelihoods.

The project provided an unprecedented, large quantity of geo-tagged images of cassava at different
health levels that is being used to train better models to predict disease from images. Since the data is
geo-tagged, it can also be used for disease spatial analysis. Even after the PEER project ended, the
team continued pursuing these avenues and working to put the dataset online for use by the wider
community.

The Pl also managed to form a partnership between the technical team in Makerere, the Uganda
National Farmers Federation (UNFEE), and NaCRRI that is actively looking to further this project to
support not only cassava but also other crops. The PEER team has been in talks with other crop teams
in NaCRRI who are interested in extending this system to cover cereal crops. From their collaboration
with UNFFE and NaCRRI, numerous farmers were trained in disease identification in the field and best
practices for mitigating disease.



UGANDA - PROJECT 5-450: MHEALTH FOR TB-TOBACCO: AN APPROACH TO
REDUCE TOBACCO USE AMONG TB PATIENTS

Pl: Elizeus Rutebemberwa, Makerere University

U.S. Partner: Robert Pack, East Tennessee State University (Funded by the National
Institutes of Health)

Dates: February 2017 — January 2021

PROJECT OVERVIEW

Globally, more than 20% of tuberculosis (TB) cases are attributable to smoking, hence the critical need
to reduce TB prevalence through smoking cessation. There is sparse information on how to incorporate
tobacco control into TB programs in low-and-middle income countries, particularly using mobile
information and communications health solutions (mHealth), even though the WHO Global TB
program calls for an integrated approach toward TB-tobacco prevention and treatment. Previous
studies into the use of mHealth technology for smoking cessation indicate significant potential in
successful behavior change. This project aimed to provide policy and program recommendationsto the
TB program and the tobacco control programs in Uganda by developing and testing mHealth solutions
to support TB patients quitting tobacco use and promote adherence to TB treatment.

Researchers measured tobacco quit rates and TB treatment protocol adherence for patients who
received integrated tobacco cessation health education in their treatment programs. The project used
the mCessation approach using SMS as a solution for providing information, following up with patients,
and supporting them to quit tobacco use.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Rutebemberwa and his colleagues selected regional hospitals and other healthcare sites for the
study based on their high numbers of TB patients and the availability of medical support for tobacco
withdrawal symptoms. Each health facility recommended one health worker in their TB ward to be
involved in the study. They were invited to Kampala and trained for a week on the research objectives
and their responsibilities in the study. The researchers also undertook a pilot study in Mulago.

Health workers administered questionnaires on paper to identify tobacco users among TB patients and
then recruited them to sign up for ongoing SMS messages as part of the program. Every quarter, two
supervisors would collect questionnaires, support the health workers in their work, and provide
supplies like lab test strips or stationery. There were a total of 80 participants in the control group and
80 in the intervention, spread around the regions.

At the time the PEER grant ended, the Pl and his team were still analyzing their results to determine
the impact of the intervention. In the meantime, however, the Pl received an additional $46,000 grant
from Makerere University Research Innovation Fund to continue research on reducing tobacco use. He
notes that the PEER grant was helpful in getting this grant because it highlighted an important problem
and provided background data documenting that the study site, Moroto District, has high tobacco use
rates across all age groups. The work Dr. Rutebemberwa and his team continue to do in consultation



with the Ugandan Ministry of Health goes beyond health facilities and looks at tobacco use within
communities and schools.
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UGANDA - PROJECT 5-37: DELIVERING CROP YIELD NOWCASTS AND FORECASTS
BY INTEGRATING SATELLITE DATA AND CROP MODELLING IN SUB-SAHARAN
AFRICA

Pl: Ejiet John Wasige, Makerere University

U.S. Partner: Forrest Melton, California State University Monterey Bay and the
NASA Ames Research Center Cooperative for Research in Earth Science and
Technology (NASA ARC-CREST)

Dates: December 2016 — December 2020

PROJECT OVERVIEW

Africa nations have significant gaps in their ability to produce and deliver near real-time crop yield
information and mainstream these in national and farmer operational decision making. There are
currently four "global" agricultural monitoring systems: the Global Information and Early Warning
System of the United Nations Food and Agriculture Organization, the Famine Early Warning Systems
Network of the U.S. Department of Agriculture Foreign Agricultural Service, the Monitoring
Agricultural Resources network of the European Union, and the system of the Institute of Remote
Sensing Applications of the Chinese Academy of Sciences. The data they have published inevitably
have along lag time in comparison with "conventional" reporting of crop production. The data are also
aggregated at the national or district scale and vary in accuracy and availability. The integration of
earth observation (EO) data and crop modeling canovercome technical limitations to quantitative yield
estimates, and such an effort is justified by the fact that EO data can be used to quantify crop health
status at any given time, while the crop model can describe crop growth every day throughout the
season on a pixel basis.

The goal of this project was rapid development of large-scale, real-time crop production mapping tools
that will close a significant gap in crop yield data availability and enhance the capacity of African
governments to deliver reliable near real-time crop production information for decision makers in
agricultural planning and food security management. Members of this project team worked toward
that goal while also developing the capacity of agriculture extension workers to bring that kind of
information to farmersand assist themin incorporating it into their planning to combat threats to crop
production in the case of abnormal weather conditions. Ultimately this should help to enhance reliable
access to food in sub-Saharan Africa.

FINAL SUMMARY OF PROJECT ACTIVITIES

The team delivered proof of concept that location specific and near real-time vegetation/ plant health
and daily 16-day future weather forecasts can be accessed by smallholder farmers and policy workers
for agricultural production planning in Africa. The project achieved four outcomes: (1) Developed
integrated earth observation data, complementary field work, and free open-source earth data
modeling tools to generate crop/vegetation now-casts and forecasts; (2) Disseminated now-casts and
forecasts, (3) Built capacity to deliver data; and (4) Supported policy advocacy to target delivering now-
casts and forecasts to smallholder farmers in sub-Saharan Africa. The team operationalized delivering
near real-time crop/vegetation health information in Uganda and Zambia, as well as provided free
online web services and a phone app to enable delivery of real-time information. The team conducted
more than 25 community and national policy dissemination workshops for more than 1,000 field



farmers in Uganda and Zambia, 200 agricultural extension workers, and policy makers, as well as
training for four graduate students. They continue to scale up to a goal of 2,000,000 stakeholders
through Facebook (user ID: cropWISE) and Google Play.

The project team also created animproved ICT policy environment for scaling out real-time agricultural
ICT services. Users gained skills and knowledge in digital information access, interpretation, and use.
The team enhanced the capacity of agriculture extension workers to deliver land health and weather
forecast information to farmers and assist them in incorporating it into their planning to combat
threats to crop production in the case of abnormal weather conditions, as well as increase reliable
access to food in sub-Saharan Africa. Farmers gained knowledge on how to access and interpret real-
time vegetation health data and weather forecast information for decision making on when to plant,
harvest, dry, transport, and market their crops. They have used the training and knowledge obtained
to select crop varieties to plant and target market prices for income to support food production and
their livelihoods.

The project provided a large quantity of satellite imagery real-time vegetation health data for period
2015 to 2019 and a daily 16-day-ahead weather forecast that is being used for agricultural production
planning and postharvest handling. Using the Facebook platform (cropWISE), the PEER team created a
network for land health and weather forecast data and information sharing. Some of the key
stakeholders include the Ministry of Agriculture, Uganda National Farmers Federation (UNFEE), Zambia
Agriculture Research Institute (ZARI), Zambia National Farmers Union (ZNFU), National Agricultural
Research Organization (NARO), National Emergency Coordination and Operations Centre (NECOC), and
the National Crop Resources Research Institute (NaCRRI). After the project ended, the project team
continued their discussions with relevant government agencies and nonprofits interested in a large-
scale expansion of the impact of the cropWISE app to the farming community.



UGANDA - PROJECT 5-19: A MULTI-SENSOR HYDROLOGIC MODELING
FRAMEWORK TO ASSESS THE IMPACTS OF SMALL-SCALE WATER STORAGE
PRACTICES TO WATER RESOURCES OVER UGANDA

Pl: Jamiat Nanteza, Makerere University

U.S. Partner: Mathew Rodell, NASA Goddard Space Flight Center

Dates: December 2016 — July 2021

PROJECT OVERVIEW

Water availability and accessibility are concerns that water managers strive to address in the face of
climate change, population growth, and food insecurity. Water resources are strained during extreme
hydrologic events, and as climate variability and extremes increase (Trenberth, 2012), the uncertainty
of freshwater availability poses a threat for emerging economies like Uganda. Anecdotal reports from
Uganda indicate that shrinking rivers and diminishing groundwater resources (Lwanga, 2015) have
become commonplace, both of which indicate declines in groundwater storage. Water harvesting has
the potential to mitigate climate impacts in the short-term (Kahinda et al., 2010); however, potential
hydrologic alterations from such small-scale water captures and storage are unknown.

This study sought to assess the viability of increasing water harvesting efforts in Uganda by examining
associated hydrological impacts that result from the capture and storage of water. Dr. Nanteza and
her team applied an integrated modelling framework to exploit multivariate remote sensing data from
NASA satellite missions combined with ground-based hydrologic observations to examine the spatial
and temporal impacts of water harvesting. This project served as a pilot study for model development
and hypothesis testing, thus providing a first step towards generation of a decision-support system for
evaluating water use and management scenarios in the face of climate change and development. The
research team also addressed broader national development goals, including aiding decision making
for development efforts towards irrigation-based agricultural production, as well as livelihoods.
Results of the study should help to inform ongoing government efforts (for example, the Karamoja
Action Plan for Food Security) aimed at transitioning the Karamoja dry-land communities from
pastoralism to crop farming.

FINAL SUMMARY OF PROJECT ACTIVITIES

In the course of the project the team worked to identify and characterize recharge, low flow and
groundwater behaviors across temporal and spatial scales with links to land use and climate changes,
They used a multi-model ensemble of eight global hydrological models (GHMs) of the Inter-Sectoral
Impact Model Intercomparison Project (ISIMIP2b) that are driven by the bias-adjusted output of four
global circulation models (GCMs). The team assessed the space-time variability in groundwater
recharge and the recharge/precipitation ratio and identified areas potentially at risk to future
groundwater shortages over Uganda. In 2022, the team published a paper detailing their findings.

The second objective of the project was to quantify and characterize the spatiotemporal groundwater
use and water harvesting across the country with links to socio-economic factors and population
dynamics. First, the team aimed to examine the status of groundwater and rainwater harvesting
supply systems in Uganda, and second, they worked to determine the current rates of groundwater



abstracted and rainwater harvested in Uganda as these would further inform the experimental
modelling efforts. The researchers further compared this potential with required tank storage (RTS)
capacities based on user population, demand and dry period lengths, to examine whether existing
rooftop areas in Uganda and tank storage can sustainably supply water for use during 90-day and 180-
day dry periods.

Quantifying the runoff, recharge and groundwater storage alterations resulting from water harvesting
operations was the project team's third objective. The study used the Community Land Model (CLM4)
to evaluate the hydrologic impacts of increasing water abstraction over Uganda. The model was
modified to include rainwater and groundwater harvesting. The study results show that current water
harvesting practices have no significant hydrologic impacts. However, scenario-based analysis shows
that if water harvesting is increased especially from aquifers it would lead to a decrease (increase) in
base flow, water table depth, surface runoff (evaporation, groundwater recharge, soil moisture and
infiltration).

The project achieved significant developmental impacts through several initiatives. They trained 105
students and researchers on NASA's satellite and hydrologic models, aiming to enhance research
guality in water resource management. Additionally, 80 undergraduates and 22 Master’s students
were trained on pressure transducers for groundwater monitoring, and 20 students learned the CLM
model for hydrologic evaluations. The project generated datasets on water abstraction and rainwater
harvesting potential across Uganda, facilitating spatial analysis for water development projects.
Collaborations with the Ministry of Water and Environment and local governments enabled local
water managers to monitor equipment and utilize data effectively. Digitized datasets on rooftop areas
for rainwater harvesting were also created, influencing decisions on future projects. Winning the bid
to host the African Union New Partnership for Africa’s Development center of excellence in water
underscores the project's enduring impact, ensuring continued implementation of its
recommendations beyond its conclusion.
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UGANDA - PROJECT 2-253: SUSTAINABLE COFFEE-BANANA AGROFORESTRY
SYSTEMS TO ADAPT TO CLIMATE CHANGE, ENHANCE FOOD SECURITY, AND
ALLEVIATE POVERTY IN UGANDA

Pl: Godfrey H. Kagezi, Coffee Research Center, National Agricultural Organization
U.S. Partner: Ivette Perfecto, University of Michigan (Funded by the National
Science Foundation)

Dates: August 2013 — July 2015

PROJECT OVERVIEW

Coffee and bananas are key crops in eradicating extreme poverty and hunger as well as ensuring
environmental sustainability in Uganda. However, production of both crops is far below the attainable
yields, mainly due to abiotic (soil, water, temperature) and biotic (pests, diseases, weeds) stresses.
Modern research has identified integrating shade trees in coffee-banana systems as the entry point for
re-establishing productivity of both crops. However, prior to this project these systems had not yet
been fully quantified. There were no recommendations on how (or if) to intercrop with regard to
optimal planting arrangements; shade management regimes; and best soil, water, and crop
management options.

This PEER project explored the best coffee-banana agroforestry combinations to identify the optimal
trade-offs in food, income, risks, and environmental sustainability. Specifically, the research
characterized existing coffee-banana agroforestry systems; identified biotic and abiotic constraints,
including farmers’ coping strategies; generated an improved Integrated Crop Management package;
developed advocacy and lobby tools that can strengthen the value chain; and developed capacity for
research and promote synergies among actors along the value chain. Overall, the project sought to
improve agriculture and sustainable environmental management in Uganda, aiding adaptation to
climate change. In the long run, this information could be scaled up to other farmers in the Lake
Victoria region with similar farming systems.

FINAL SUMMARY OF PROJECT ACTIVITIES

Team members created and conducted diagnostic surveys in five major coffee-producing regions of
Uganda to characterize existing coffee-banana agroforestry systems and identify the major biotic and
abiotic constraints. In each region, 10 districts were selected at random and in each district, 10
households selected randomly were sampled and data collected on their farms. Results showed
diverse cropping systems, including coffee as a mono-crop, banana as a monocrop, coffee-banana
intercrop, and coffee-banana-shade trees inter-crop, as well as different kinds of coffee growing.

The PEER researchers combined farmers’ knowledge and information on regional tree species to make
recommendations for appropriate shade trees for the various coffee growing regions and highlight
“bad neighbor” trees for coffee and bananas. Among the biotic constraints, farmers reported weeds,
particularly couch grass and annual broad-leaved weeds, as well as pests and diseases; particularly the
black coffee twig borer (BCTB) for coffee and banana bacterial wilt (BBW) for bananas. Farmers also
reported declining soil fertility, limited moisture, soil erosion, and an assortment of socioeconomic
constraints, including lack of capital; limited and unaffordable labor, input, and output markets; and
several gender-related issues. Most farmers were also aware of climate change and its effects,



particularly, prolonged drought and poor yields in both coffee and bananas. At least 50% of the
farmers interviewed reported that they plant trees as an adaptation to climate change. Limited space
and lack of seedlings were reported as the major reasons hindering farmers from planting more trees.

The researchers conducted follow up studies in the surveyed regions, collecting samples of major pests
and diseases of coffee and banana trees. Regional differences in the prevalence of inspect pests were
identified and used to update the existing Integrated Pest Management (IPM) package for the twig
borer. Media (print and electronic) and farmer-to-farmer communication approaches were the most
important sources of agricultural information for the farmers. However, access and use of agricultural
credit facilities is still very low in Uganda.

The team used the project results to generate training materials, posters and manuscripts for the
farmers, an effort that was significantly expanded thanks to a PEER Evidence to Action supplement
awarded to Dr. Kagezi and his team in January 2018. Those funds supported a training needs
assessment, development of a training curriculum, and delivery of training to more than 700 Ugandan
farmers. The information gathered in the project was also used to update the coffee management
calendars which have been used to train farmers and other stakeholders in Farmer Field Schools across
the coffee-banana growing regions. In addition, the project contributed to building and improving the
research capacity for Coffee Research Center through training of two Master’s-level students and
provision of short-term courses to students, research technicians, and other COREC staff. The training
curriculum developed under the supplement was selected for incorporation into the coffee training
center at the National Coffee Research Institute (NaCORI), Kituza. It will also be used by other
institutions involved in the promotion of coffee-related activities, such as the Uganda Coffee
Development Authority (UCDA); Café Africa Uganda; the Directorate of Extension services of the
Ministry of Agriculture, Animal Industry, and Fisheries (MAAIF); Hanns R. Neumann Stiftung (HRNS);
and various Ugandan universities.

Although the PEER project and supplement funding have ended, Dr. Kagezi and his team continue to
work on several ongoing efforts building on their PEER research, including two major projects funded
directly by USAID.
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UGANDA - PROJECT H1-61: DEVELOPMENT AND EVALUATION OF STRATEGIES TO
FOSTER IMPLEMENTATION OF GUIDELINES FOR DIAGNOSIS OF CHILDHOOD
TUBERCULOSIS

Pl: Achilles Katamba, Makerere University

U.S. Partner: Adithya Cattamanchi, University of California, San Francisco (Funded
by the National Institutes of Health)

Dates: October 2013 — April 2019

PROJECT OVERVIEW

Uganda has an estimated 67,000 annual TB cases but has among the lowest case detection and
treatment success rates of the 22 high-burden countries. Moreover, case detection and reporting
among children is virtually non-existent.

The recently published “Desk Guide for Diagnosis and Management of TB in Children,” developed with
USAID funding, is an evidence-based, simple decision aid to improve early and accurate identification
of children with TB in resource-constrained settings. However, uptake of the Desk Guide had been
limited as of the start date of this PEER project in 2013, and little was known about how best to
facilitate implementation in routine practice settings. The goal of this project was therefore to develop
and evaluate an intervention to facilitate successful adoption of the Desk Guide at primary health
centers in Uganda.

The studies took place at six Kampala City Council Authority clinics, representative of urban primary
care centers in sub-Saharan Africa. The team tested the overall hypothesis that a multi-faceted
intervention will increase the proportions of children identified as TB suspects, child TB suspects
evaluated for TB, and children diagnosed and reported as TB cases.

The research aligned with USAID Uganda’s goal of strengthening health systems and improving the
delivery of health services, and it sought to provide USAID and the Ugandan government with
important information on factorsthat influence Desk Guide use and strategiesto promote its uptake at
primary level health facilities.

FINAL SUMMARY OF PROJECT ACTIVITIES

The team worked at six Kampala Capital Authority (KCCA) health facilities across the project period.
The intervention included a two-hour Continuing Medical Education (CME) with all clinicians at each
health facility, followed by a daily one-hour on-the-job coaching session on how to evaluate children
for TB. Pediatricians worked with clinicians for seven weeks at each health facility. The researchers also
distributed a printed health care guide on the management of tuberculosis in children, and a step-by-
step process for the diagnosis of TB in children, placing them where children were being evaluated in
the primary health care clinic.

The PEER team provided support and performance feedback for evaluating children for TB through
monthly reports. These reports included the number and proportion of children diagnosed and treated
for TB, as well as process indicators like the number and proportion of children screened for TB and
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number and proportion of children tested for TB if only one symptom was present. Of the 24,566
children enrolled in the study, 47% were fully screened for TB symptoms, 15% were screened positive,
and of those 80% initiated treatment. Although there were large gaps in the pathway of diagnosis and
treatment, the PEER team found that the TB Desk Manual had been implemented with success at their
six study sites around Kampala.

The researchers developed databases of patient record forms for both pre-intervention and post-
intervention study periods and conducted a post-intervention assessment of knowledge, attitudes, and
self-efficacy of health care workers at the six clinics. The team also published their findings in peer-
reviewed journals and received several additional grants for other related work, totaling more than
$700,000.
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UGANDA - PROJECT H1-54: ASSESSING THE EFFECT OF STRENGTHENING THE
REFERRAL OF CHILDREN FROM THE PRIVATE HEALTH SECTOR AND ITS IMPACT
ON CHILD SURVIVAL IN UGANDA

Pl: Anthony Mbonye, Makerere University

U.S. Partner: Philip Larussa, Columbia University (Funded by the National
Institutes of Health)

Dates: February 2014 — July 2017

PROJECT OVERVIEW

Uganda’s under-five mortality is high, currently estimated at 90/1000 live births. Poor referral of sick
children that seek care from the private sector is one of the contributory factors. The intervention
conducted under this project aimed to improve timely referral and uptake of referral advice of
children that seek care from private facilities. The private sector in this project included private clinics
and registered drug shops. The project was implemented in Mukono District, central Uganda. This
region was selected because a recent concluded trial in the district showed that drug shop vendors
(DSVs) adhere to diagnostic test results, treat appropriately and refer sick children, although uptake of
referral is poor. The main reasons attributed to the observed poor referral were negative attitude
towards referral forms from drugs shops by the health workers at referral facilities, perceptions of
poor quality of care at referral facilities and costs involved (Hutchinson. 2012).

This project was a follow up to address these factors with the aim to improve uptake of referral. The
primary objective of the project was to assess the effect of strengthening the referral system on timely
uptake of referral of sick children who seek care in the private sector. The secondary objectives were
(1) to assess appropriate case management for malaria, pneumonia, and diarrhea; (2) to explore
factors which influence the referral or non-referral of sick children from the private sector; and (3) to
assess the cost effectiveness of uptake of referral of sick children who seek care in the private sector.
A cluster randomized design was applied to test the intervention. In the intervention arm, village
health teams sensitized communities on the importance of referral. Private outlets in both arms were
trained to diagnose, treat, and refer children. The intervention had three components: (1) training of
village health trainers (VHTs) to do community sensitization and initiate community discussions aimed
at identifying community support mechanisms for financial hardship (to be community led and
managed); (2) training and supervision of providers in the private sector to diagnose, treat, and refer
sick children, and (3) regular meetings between the public and private providers (convened by the
district health team) to discuss the referral system. The data generated from this study contributed to
a better understanding of factors of importance for strengthening the referral system, including
optimal training required, supervision activities, community participation, and the costs involved. The
lessons learned are likely to inform programming at a national and district level to improve referral of
children from the private sector.

FINAL SUMMARY OF PROJECT ACTIVITIES

A sample of study clusters implemented the intervention with ten randomly allocated to the



intervention and ten to the control arm. The primary outcome was the proportion of sick children
referred from the private sector were seen at higher level facilities:

. Intervention Arm: Community awareness on referral and training private providers using
RDTs/ICCM to treat and refer sick children; supervision and regular meetings between the private and
public sector.

o Control Arm: No community awareness on referral (trained private providers using RDTs/ICCM
to treat and refer sick children).

The primary outcomes included an increase in appropriate case management for malaria, pneumonia,
and diarrhea among children in the private sector, and improved cost-effectiveness of timely and
uptake of referral of sick children. The secondary outcomes included the increase in the proportion of
sick children seeking care and receiving prompt treatment at private outlets within 24 hours of onset
of symptoms; the decrease in time between consultations at private outlets and uptake of referral at
health facilities (referral facilities); and understanding the factors which influence the referral or non-
referral of sick children from the private sector.

In conclusion, adherence to the mRDT test was better in the intervention arm than the control arms.
Overall referrals were very few, with no significant differences between the two arms. The improved
case management in the intervention could have affected the referrals in that arm. The researchers
also designed protocols and tools to conduct a community survey to assess uptake of referral and
costs involved in taking up referral. They conducted 24 qualitative interviews: i) six focus group
discussions (FGDS) among care takers who recently had sick children (three among mothers and three
for fathers) to assess their views why caretakers take up referral or not; ii) four FGDs among health
workers (private and public health workers together) to explore their perceptions about the referral
system; iii) eight key informant interviews (KllIs) with village health teams (VHTs) and community
leaders (local council leaders) to understand whether the VHTs conducted community sensitization on
referral as they were meant to; iv) six FGDs community members (three for women and three for
men) to explore whether a financial scheme is acceptable to the population and if they think it can
enable uptake of referral. The team published four papers on their work.
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Esther Buregyeya, Elizeus Rutebemberwa, Phillip LaRussa, Sham Lal, Sian E. Clarke, Kristian S. Hansen,
Pascal Magnussen, and Anthony K. Mbonye. 2017. Comparison of the capacity between public and
private health facilities to manage under-five children with febrile illnesses in Uganda. Malaria Journal
16:183. https://doi.org/10.1186/s12936-017-1842-8

Esther Buregyeya, Elizeus Rutebemberwa, Philip LaRussa, and Anthony Mbonye. 2016. Strengthening
referral of sick children from the private health sector and its impact on referral uptake in Uganda: a
cluster randomized controlled trial protocol. BMC Health Services Research 16:646.
https://doi.org/10.1186/s12913-016-1885-5



https://doi.org/10.4269/ajtmh.19-0367
https://doi.org/10.1186/s12936-017-1842-8
https://doi.org/10.1186/s12913-016-1885-5

Anthony K Mbonye, Esther Buregyeya, Elizeus Rutebemberwa, Sian E Clarke, Sham Lal, Kristian S
Hansen, Pascal Magnussen, and Philip LaRussa. 2016. Prescription for antibiotics at drug shops and
strategies to improve quality of care and patient safety: a cross-sectional survey in the private sector
in Uganda. BMJ Open 2016;6: e010632. https://doi.org/10.1136/bmjopen-2015-010632
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ZAMBIA

ZAMBIA - PROJECT 8-174: INCREASED AVAILABILITY OF FAST COOKING YELLOW
DRY BEANS RICH IN BIOAVAILABLE IRON TO ZAMBIA CONSUMERS AND
FARMERS

Pl: Kelvin Kamfwa, University of Zambia

U.S. Partner: Karen Cichy, United States Department of Agriculture/ Agricultural
Research Service

Dates: December 2019 — April 2023

PROJECT OVERVIEW

Common bean (Phaseolus vulgaris) is a major source of protein and iron. Iron deficiency is widespread
in Zambia, especially among children and pregnant women, and consuming iron-rich beans could
mitigate this issue. Faster cooking beans can also reduce the environmental impact of using charcoal
or firewood and lower health risks from prolonged indoor cooking emissions. Despite these benefits,
adoption of new bean varieties in Zambia remains low. Participatory Variety Selection (PVS), which
involves farmers in selecting crop varieties, can enhance adoption. Yellow beans, though nutritionally
superior and faster-cooking than the widely consumed purple “kabulangeti” beans, are not as popular
due to lack of awareness and access to improved varieties.

The project aimed to (1) improve Zambians' diets by increasing the availability of fast-cooking yellow
beans rich in bioavailable iron and (2) improve bean profitability for Zambian farmers by introducing
high-yielding varieties with desirable traits. Researchers provided farmers with high-yielding, fast-
cooking yellow dry bean breeding lines from the University of Zambia Bean Breeding Program and the
breeding program of U.S. partner Dr. Karen Cichy. Through the PVS process, farmers selected
appropriate seed stocks for their local conditions. On-farm field trials and cooking trials were
conducted, evaluating adoption potential and real-life cooking times using charcoal and firewood.
Farmers ranked the beans based on cooking time, gravy quality, aroma, and flavor.

To raise awareness of yellow beans' benefits, the PEER team organized on-farm field days, inviting
farmers, consumers, and representatives from institutions with high bean consumption, such as
hospitals, boarding schools, and prisons, to sample the beans. Government and traditional leaders,
crucial for promoting yellow bean production and consumption, were also invited.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project developed a high yielding, faster cooking, yellow bean variety (YBC129) with high iron
bioavailability. This variety was selected from more than 250 yellow bean breeding lines through
farmer participatory variety selection (FPVS). In a cooking trial in October 2021, a total of 20 farmers
(10 female and 10 male) used a hotplate to cook a total of nine genotypes (four selected elite lines and
five checks). The time it took for the beans to be fully cooked was recorded. After cooking, the farmers
taste-tested the four genotypes and the checks. The cooking time for the nine genotypes ranged from
2.10 hours for the selected elite line YBC129 to 3.10 hours (YBC120). Interestingly, the fastest cooking



and best-tasting genotype was also the highest yielding line among the four genotypes that farmers
selected from the on-farm field trial in 2021. Because farmers selected YBC129 based on its desirable
agronomic attributes such as seed yield, seed size and shape, cooking time, and taste, it is the elite line
that the project chose to recommend for release as an improved yellow bean variety in Zambia to
replace landrace Lusaka on the Zambian market. Dr. Kamfwa submitted this variety to the Seed Control
and Certification Institute in Zambia in 2022 for testing, and its release is scheduled for 2024. Once
released, this variety is expected to have significant impact on farmers’ livelihood because of its higher
seed yield than the yellow landraces currently on the Zambian market.

In December 2022, the PEER team distributed seed of YBC129 to 620 smallholder farmers in Northern
and Muchinga provinces. These smallholder farmers adopted the variety and will be involved in seed
multiplication of YBC129 when it is officially released in Zambia. The seed dissemination activities
created awareness about the availability of high yielding, faster cooking, and high iron bioavailability
variety developed through FPVS. The use of FPVS in the development of YBC129 and the awareness
that has been created about this variety is likely to enhance its adoption by smallholder farmers.

This project has undertaken outreach activities and collaborated with several key stakeholders. The
researchers provided YBC129 seed to the NGO Community Technology Development Trust to conduct
on-farm trials in Lusaka and Central provinces of Zambia. They also worked with the Zambia
Agricultural Research Institute, a government agency, to conduct on-farm trials and disseminate seed
of the new yellow bean variety, and they are partnering with the private company Good Nature Agro,
which is conducting on-farm trials and identifying smallholder farmers that will be involved in YBC129
seed production.

The team published one paper on their work in 2023. The Pl has also received a grant in the amount of
£39,353 from the AgriFood Africa Programme of the UK’s Global Challenges Research Fund to continue
his work on the PEER-supported topic. Dr. Kamfwa will also continue collaborating with his U.S. partner
Dr. Karen Cichy on better understanding the genetic basis of faster cooking time of YBC129. YBC129
has been crossed with other genotypes to create breeding populations that will be used in genetic
studies for cooking time. Additionally, Dr. Cichy will continue collaborating with the University of
Zambia Breeding program to develop faster cooking varieties in other market classes.

PUBLICATION

Kuwabo Kuwabo, Swivia M. Hamabwe, Paul Kachapulula, Karen Cichy, Travis Parker, Chikoti Mukuma,
and Kelvin Kamfwa. 2023. Genome-wide association analysis of anthracnose resistance in the Yellow
Bean Collection of Common Bean. PLoS ONE 18(11): e0293291.
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ZAMBIA - PROJECT 7-109: APPLICATION OF GIS AND GEOSPATIAL ANALYSIS IN
UNDERSTANDING CHARCOAL PRODUCTION, SUPPLY AND DEMAND IN
SELECTED SITES OF LUSAKA; CENTRAL, COPPERBELT AND NORTH WESTERN
PROVINCES OF ZAMBIA

Pl: Stephen Syampungani, Copperbelt University

U.S. Partner: Andrew Hudak, USDA Forest Service

Dates: November 2018 — October 2022

PROJECT OVERVIEW

Charcoal consumption is expected to increase in Zambia in the coming decades, and as a result,
charcoal must be integrated into development, energy, land use, and food security strategies. This
project undertook a detailed value chain analysis of charcoal with the aim of identifying how to reduce
the impact of charcoal production, supply, and demand. The project generated spatial distribution
information of above-ground woody biomass suitable for charcoal making, data that are currently
lacking but are highly useful for designing improved forest management practices in the country.

This project also sought to evaluate the performance of various charcoal production methods,
including traditional methods, with a view to improving them. The researchers hoped to contribute to
appropriate government policies required to introduce improved charcoal-production technologies at
scale, as well as promote rural development through greening of the charcoal value chain and
reduction of demands for charcoal through improved stoves to reduce pressure on Zambia’s forests
and woodlands.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PI Dr. Syampungani and his team identified and classified tree species in the Miombo woodlands
using multispectral drone imagery, combined with a field inventory to obtain training and verification
data for a classification algorithm. They also used drone-collected Lidar data in estimating forest
structure attributes in the Miombo and undertook field work to collect ground-truth data in 16 plots of
a 20 m radius in a site in Mwekera forest. The researchers also enhanced the diffusion of improved
charcoal kilns, collecting data from four study sites in Copperbelt and North Western provinces using
the software KoBoToolkit on their mobile phones. Key informational interviews and a tree inventory
using the Point Centered Quarter Method were also completed.

As a result, the researchers generated useful data for forest management throughout the Miombo
ecoregion, which covers nine countries in Southern Africa, and provided improved methods of
charcoal production through simple technologies affordable to an ordinary charcoal producer.

The team published several papers related to their PEER project. In addition to the research outputs,
the project also supported one Master’s and two Ph.D. students. Dr. Syampungani also received a new
ongoing grant from the Oliver R. Tambo Africa Research Chairs Initiative Chair of Environment and
Development worth US$250,000 to $300,000 annually over the next five years, renewable twice based
on performance.
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ZAMBIA - PROJECT 7-100: ADOPTION AND SCALE-UP OF CHARCOAL
ALTERNATIVES IN ZAMBIA

PI: Francis Yamba, Centre for Energy, Environment and Engineering Zambia

U.S. Partner: Robert Bailis, Stockholm Environment Institute — U.S. Center (Funded
by the National Science Foundation)

Dates: November 2018 — February 2022

PROJECT OVERVIEW

Charcoal is a highly complex socio-environmental issue throughout sub-Saharan Africa. Charcoal
production and use is frequently associated with climate change, environmental degradation, adverse
health outcomes, and poverty. Strategiesto mitigate reliance on charcoal as the dominant cooking fuel
are urgently needed, particularly in areas where urban populations are growing and inefficient
production systems are putting pressure on atmospheric and terrestrial systems. Zambia presents a
critical case for understanding the supply and demand dynamics of charcoal and strategies for
mitigating associated negative externalities. This project examined the potential of a dual-pronged
approach to develop technical and social alternatives to charcoal in Zambia: improved charcoal
production and alternative fuels and stoves.

For any alternative stove or fuel to have an impact it must be not only acquired but also used in a way
that reduces charcoal use. This study aimed to determine if this reduction occurs and whether it can
be sustained and scaled up. By working closely with stove/fuel developers, distributors, and users, this
project team identified factors that might be changed to enhance access to clean energy and reduce
charcoal consumption. With multiple U.S. partnersinvolved in several different regional collaborations,
and primarily in partnership with the Stockholm Environmental Institute’s Africa Center, an influential
regional think-tank, this research project relied on linkages throughout Southern and East Africa. These
ties fostered cooperation and knowledge exchange well beyond Zambia, offering many opportunities
to share experiences and lessons through workshops, conferences, and one-on-one meetings with
high-level policy makers in Zambia and throughout the region. Other potential impacts are expected
through exploration of the market potential for pellet fuels and ethanol. The project further supported
enhanced job opportunities by collecting and sharing data about the types of stoves and fuels
consumers prefer and their willingness to pay for charcoal alternatives.

FINAL SUMMARY OF PROJECT ACTIVITIES

The final activity on this project took place in February 2022, when members of the co-Pl team at the
Stockholm Environmental Center (SEl) in Kenya travelled to Zambia to collaborate with the PI Dr.
Yamba and researcher Nancy Serenje at the Centre for Energy, Environment, and Engineering Zambia
(CEEZ) on a series of activities, including a focus group discussion (FGD) meeting in Choma. The FGD
participants included officials from the Provincial Forestry Department and District Forestry
Department, members of the local Charcoal Producers Association, and staff from SEI Kenya and
CEEEZ. The main aims were to share updates on activities that had taken place since the first visit in
2019 and discuss the impacts of COVID-19 on charcoal production.

Areport titled “An assessment of the Charcoal Producers Groups in Choma District and overview of the
forecasted demand for charcoal in Zambia” was completed by SEI Kenya in the summer of 2022.



Charcoal is critical for African countries; consequently, exploring and investing in effective ways to
monitor, manage, and support sustainable production and trade in wood fuel is valuable. Charcoal
producers in Sub-Saharan Africa can be broadly classified into three major groups: independent,
seasonal, and employed producers. The role and influence of these producer categories continue to
put pressure on the natural ecosystem of the resources in the region, while at the same time loosing
revenue streams that could be diverted to other sectors. Hence, it is crucial to conduct research on
formalization of these groups and their potential role in reducing the losses faced in financial streams
and further pushing the region to face increased risks related to climate change. The report highlights
challenges in the charcoal value chain, looks at supporting policy and legal frameworks, presents an
assessment of the producer groups, and offers conclusions based on the findings.

Modelling work undertaken and presented in the report shows that charcoal use intensity will remain
the same over the next decade under the business-as-usual (BAU) scenario, assuming minimum policy
implications. Strict government policy actions are essential to shift cooking patterns, and this is
discussed in the sustainable scenario, which has factored in current measures taken by the
government in terms of policy giving direction in demand management and production efficiency. This
is projected to reduce charcoal demand by 35% against the BAU scenario, from 1.9 million tons to 1.2
million tons of charcoal in 2030, and firewood requirements by 55% against BAU, from 19.5 million
tons of wood to 9.7 million tons in 2030. The Choma Charcoal Producers Association is at the forefront
of making these efforts a reality, despite the long journey ahead. The lessons learned from the
association can be replicated in establishing other similar associations across Zambia to potentially
decrease the current losses. Policy must go together with this practice, and this is important for
complementing the efforts of the producers who join the producer groups and association overall.

The CEEEZ and SEI Kenya teams have established a good relationship with the Food and Agriculture
Organization branch that works with charcoal producers in Zambia. This has also led to associations
with the Charcoal Producers Association in Choma, the Zambia Forestry Department, and Cotton
Association of Choma. The results and methodologies of the teams’ initial studies on the project have
been shared with these NGOs and relevant government institutions.






AFGHANISTAN

Afghanistan — Project 9-012: Water harvesting at community level for enhanced access to ground water
Pl: Fatema Samim, Herat University
U.S. Partner: Christine Lee, NASA Jet Propulsion Laboratory

Afghanistan - Project 5-183: Impact of climate change on runoff from glaciers, snow, and rainfall in the Pamir
and Hindu Kush Mountains: a comparison of Amu Darya and Kabul River basins

PI: Fahimeh Salehi, Green Social Research Organization

U.S. Partner: Daniel Fagre, USGS

Afghanistan — Project 5-074: Regionalizationof the Global Integrated Drought Monitoring and Prediction System
(GIDMaPS) for Afghanistan

PI: Khadija Jawadi, Environmental Conservation Specialist Organization of Afghanistan

U.S. Partner: Amir AghaKouchak, University of California, Irvine Regionalization of the Global Integrated Drought
Monitoring and Prediction System (GIDMaPS) for Afghanistan

Afghanistan —Project 5-033: Determination of Floods magnitude projection, Causes, Vulnerable areas and its
Solutions: A cause study of Kabul River basin

PI: Assem Mayar, Organization of Skill Development and Social Services

U.S. Partner: Jonathan Nelson, U.S. Geological Survey

Afghanistan - Project 4-257: Impacts of climate change on transboundary water treaties/sharing: a case study of
Kabul River basin, Afghanistan

PI: Fahima Sadeqinezhad, AZMA the Technical Vocational Private Institute, Afghanistan

U.S. Partner: Devendra M. Amatya, USDA Forest Service Center for Forested Wetlands Research

Afghanistan — Project 4-47: Impact of climate change and variability and land use change on Afghanistan’s water
resources: a case study of Kabul River Basin and Amu Darya River Basins

Pl: Sediga Hassani, Ibn e Sina University

U.S. Partner: Jeff Dozier, University of California, Santa Barbara

BANGLADESH

Bangladesh - Project 9-441: Engaging the private sector in increasing voluntary use of long acting reversible
contraceptives and permanent family planning methods in rural areas of Bangladesh

PI: Md. Jasim Uddin, International Centre for Diarrhoeal Disease Research, Bangladesh

U.S. Partner: Sian Curtis, University of North Carolina at Chapel Hill (funded by the United States Agency for
International Development)

Bangladesh - Project 9-17: Renewable hydrogen generation with carbon recycling (ReHyCaRe) from biogenic
residues of Bangladesh

PI: Kawnish Kirtania, Bangladesh University of Engineering and Technology
U.S. Partner: Mohammad Toufiq Reza, Florida Institute of Technology (funded by the National Science Foundation)

Bangladesh - Project 8-170: Integrated rice advisory system (IRAS) for sustainable productivity in Bangladesh
PI: Niaz Rahman, Bangladesh Rice Research Institute, in partnership with Bangladesh Agricultural University
U.S. Partner: Faisal Hossain, University of Washington (funded by the National Aeronautics and Space
Administration)
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Bangladesh - Project 6-10: Ecosystem Services in a changing climate; assessing critical services in Bangladeshrice
production landscapes

PI: Md Panna Ali, Bangladesh Rice Research Institute (BRRI)

U.S. Partner: Douglas A Landis, Michigan State University (funded by the National Science Foundation)

Bangladesh - Project 6-9: Unmanned Aerial Systems-based Assessment of Tree Cover and Deforestation
Dynamics in Bangladesh

PI: A.B.M, Kamal Pasha, Daffodil International University

U.S. Partner: Demetrios Gatziolis, The United States Forest Service

Bangladesh - Project 6-5: Climate change adaptation of rural households in charlands of Bangladesh

Pl: Humnath Bhandari, International Rice Research Institute (IRRI)

U.S. Partner: Charles (Chuck) W. Rice, Kansas State University (funded by the United States Department of
Agriculture/ National Institute of Food and Agriculture)

Bangladesh - Project 5-424: Community intervention to promote Chlorhexidine for reducing umbilical cord
infections in Jamalpur district, Bangladesh

Pl: Lutfe Ara, International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)

U.S. Partner: Eben Kenah, University of Florida (funded by the National Institutes of Health)

Bangladesh - Project 4-85: Scaling up of satellite-assisted flood forecasting systemsin South and Southeast Asian
nations

PI: Md. Sohel Masud, Institute of Water Modeling, with co-PI Md. Sazzad Hossain, Flood Forecasting and Warning
Center

U.S. Partner: Faisal Hossain, University of Washington (funded by the National Aeronautics and Space Agency)

Bangladesh - Project 3-1: Improving adaptation against coastal vulnerability and enhancing flood forecasting
skill in Bangladesh through a satellite data integrative modeling framework in a changing climate

Pl: Zahirul Khan, Institute of Water Modeling

U.S. Partner: Faisal Hossain, University of Washington (funded by the National Science Foundation)

Bangladesh - Project 2-524: Field assessment of arsenic-bearing waste treatment options
Pl: Ahammadul Kabir, Asia Arsenic Network
U.S. Partner: Lutgarde Raskin, University of Michigan (funded by the National Science Foundation)

Bangladesh and the Philippines - Project 2-4: Validation of salt tolerance determinants in rice (Oryza sativa L.
indica) landrace Horkuch and its segregating population by 2b-RAD sequencing and RNA-seq analysis under
stress

Pl: Zeba Seraj, University of Dhaka, with co-PI Abdelbagi Ismail, International Rice Research Institute

U.S. Partner: Thomas Juenger, University of Texas at Austin (funded by the National Science Foundation)

Bangladesh - Project 1-226: Defining the ecology of the Nipah virus outbreaks in Bangladesh: identifying
additional potential foodborne and livestock transmission routes

Pl: Muhammad Salah Uddin Khan, ICDDR

U.S. Partner: Peter Daszak, EcoHealth Alliance Inc (funded by the National Science Foundation)
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Bangladesh - Project 1-97: Toward geohazard assessment in Bangladesh: academic infrastructure and knowledge
transfer

PI: Syed Humayun Akhter, Dhaka University

U.S. Partner: Michael Steckler, Columbia University (funded by the National Science Foundation)

Bangladesh - Project H1-125: Evidence-based Knowledge into Practice: Extending a Successful Maternal,
Neonatal, and Child Health Program in Matlab into the Government Health System in Bangladesh

PI: Anisur Rahman, International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b)

U.S. Partner: Randall Kuhn, University of Denver (funded by the National Institutes of Health)

BHUTAN

BH-006: Health-related quality of life and psychological well-being among people living with HIV in Bhutan
PI: Nidup Doriji, Faculty of Nursing and Public Health, Khesar Gyalpo Unviersity of Medical Sciences of Bhutan
U.S. Partner: Kaveh Khoshnood, Yale School of Public Health

BH-009: Building a Harmonious Human-Primate Society: A Citizen Science Based Primates Conservation
Research in Bhutan.

PI: Kuenzang Dorji, Nature Study Center ( Bhutan Primates Conservation Society)

U.S. Partner: Lori Kay Sheeran, Central Washington University

BH-012: Impact of climate change on alpine timberline and its socio-economic impact on highlander in Bhutan
PI: Changa Tshering, Ugyen Wangchuck Institute for Conservation and Environmental Research (UWICER)
U.S. Partner: Steven William Running, University of Montana

BH-022: Enhancing food security of smallholder farmers in Bhutan through building capacity in climate-smart
agriculture

PI: Rekha Chhetri, College of Natural Resources, Royal University of Bhutan

U.S. Partner: Sarah Halvorson, W.A. Franke College of Forestry and Conservation, University of Montana

BH-025: Understanding of Source Waters and Recharge Mechanism of Mountain Springs and Streams in Radhi
and Phongmey Gewogs in Trashigang, Bhutan Himalaya

PI: Tshewang Dendup, Centre for Science & Environmental Research, Sherubtse College, Royal University of Bhutan
U.S. Partner: Fengjing Liu, College of Forest Resources and Environmental Science, Michigan Technological
University, Houghton, MI, USA

BH-035: Baseline datafor freshwater biodiversity conservation in the face of climate change in Punatsangchhu
basin in Bhutan

PI: Tshering Dorji, College of Natural Resources, Royal University of Bhutan

U.S. Partner: Paul Frandsen, Brigham Young University

Bhutan - Project 4-187: Monitoring forest cover changes in Bhutan using Landsat data in a cloud-computing
environment

PI: Kinley Tshering, Ugyen Wangchuck Institute of Conservation and Environment

U.S. Partner: Kevin Megown, Remote Sensing Applications Center (funded by the United States Department of
Agriculture/ Forest Service)
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CAMBODIA

Cambodia - Project C-01: Using 4-s technique to analyze rural income in developing countries
PI: Sok Serey, Royal University of Phnom Penh

Cambodia - Project C-02: Irrigation and nutrient management for improving small-holder’s Vegetable Production

in Battambang
PI: Nareth Nut, Royal University of Agriculture

Cambodia - Project C-03: ICT Uses for Inclusive Cashew Value Chain and Agricultural Inputs in Cambodia
PI: Nget Raby, Royal University of Agriculture

Cambodia - Project C-05: Understand the management and support for the Anlong Svay Protected Area

Community
PI: Samnang Nguon, Ecosystem Services and Land Use Research Center, Royal University of Agriculture

Cambodia - Projecy C-07: Diagnostic Investigation of Water Eutrophication in Stung Treng Ramsar Site,
Cambodia
Pl: Saret Bun, Institute of Technology of Cambodia

Cambodia - Project 7-88: Rapid assessment of the pesticide network and its influence on the use of pesticides in
Cambodian agriculture

PI: Vichet Sorn, General Directorate of Agriculture

U.S. Partner: Buyung Hadi, International Rice Research Institute (funded by the United States Agency for
International Development)

Cambodia - Project 7-86: Establishing cropland database in Cambodia from remote sensing satellite data

PI: Sanara Hor, Royal University of Agriculture

U.S. Partner: Robert Hijmans, University of California, Davis (funded by the United States Agency for International
Development)

Cambodia- Project 7-85: Climate change impact on rice yield and food security in the riverine communities in
Cambodia

Pl: Serey Sok, Royal University of Phnom Penh

U.S. Partner: Aniruddha Ghosh, University of California, Davis (funded by the United States Agency for
International Development)

Cambodia - Project 7-80: GIS based weather, soils, land use and agricultural management database in Cambodia
PI: Nareth Nut, Royal University of Agriculture

U.S. Partner: Gilbert Sigua, Agriculture Research Service Coastal Plains Soil, Water, Plant Research Center (funded
by the United States Department of Agriculture/ Agricultural Research Service)

Cambodia- Project 7-79: Increasingthe adoption of nutrient management innovations by Cambodian vegetable
farmers

PI: Leangsrun Chea, Royal University of Agriculture
U.S. Partner: Zachary Stewart, Kansas State University (funded by the United States Agency for International
Development)
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Cambodia- Project 2-395: Biodiversity of Cambodian leaf- and treehoppers: scientific training and education
through development of bioindicators and agricultural pest control

PI: Phauk Sophany, Royal University of Phnom Penh

U.S. Partner: Kevin Johnson, lllinois Natural History Survey (funded by the National Science Foundation)

Cambodia - Project H1-15: Newborn Infection Control and Care Initiative for health facilities to accelerate
reduction of neonatal mortality (NICCI)

PI: Chivorn Var, National Institute of Public Health (NIPH)

U.S. Partner: Richard Oberhelman, Tulane School of Public Health and Tropical Medicine (funded by the National
Institutes of Health)

INDIA

India - Project 9-440: Young wives: An exploratory study of married women below twenty and the socio-cultural
determinants of their contraceptive behavior in low resource settings in India

PI: Sudipta Mondal, Project Concern International

U.S. Partner: Cristine Legare, The University of Texas at Austin (funded by the National Science Foundation)

India - Project 8-141: Conversion from intermittent to continuous water supply (24 x 7) through public-private
partnership (PPP): Investigating governance and sustenance issues in Karnataka, India

PI: Nayanatara Nayak, Centre for Multi-Disciplinary Development Research, in partnership with Karnatak
University, Dharwad

U.S. Partner: Emily Kumpel, Universityof Massachusetts, Amherst (funded by the National Science Foundation)

India - Project 8-79: Collaborative adaptation pathways for agricultural water management in Bhavani basin,
India (Co-Adapt)

Pl: Geethalakshmi Vellingiri, Tamil Nadu Agricultural University

U.S. Partner: Sridhar Venkataramana, Virginia Polytechnic Institute and State University (funded by the National
Aeronautics and Space Administration)

India - Project 8-25: Planning plantations: past learning, toward triple wins in carbon, biodiversity and
livelihoods

PI: Rajesh Thadani, Centre for Ecology Development and Research, in partnership with Kumaun University
U.S. Partner: Forrest Fleischman, University of Minnesota (funded by the National Aeronautics and Space
Administration)

India - Project 7-360: Off-grid, clean energy cooling for affordable storage of perishables for BOP farmers

PI: Sangeeta Chopra, Indian Council of Agricultural Research-Indian Agricultural Research Institute

U.S. Partner: Norbert Mueller, Michigan State University (funded by the United States Department of Agriculture/
National Institute of Food and Agriculture)

India - Project 5-550: Development of comprehensive performance evaluation and O&M strategy for Indian
solar sector

PI: Dibin Chandran, World Institute of Sustainable Energy

Partner: Deepak Sagi, GE India
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India - Project 4-216: The Banni Grasslands in a time of change: ecological and socioeconomic resilience in a
coupled human-natural system

PI: Ankila Hiremath, Ashoka Trust for Research in Ecology and the Environment (ATREE)

USDA Forest Service Collaborator: Susan Cordell, Institute of Pacific Islands Forestry

India - Project 3-207: Effects of climate change on cryosphere-river linkages: Insights from seasonal and inter-
annual variation of glacial melt discharge in the headwaters of the Ganges River

Pl: Indra Sen and co-PI Rajiv Sinha, Indian Institute of Technology--Kanpur

U.S. Partner: Bernhard Peucker-Ehrenbrink, Woods Hole Oceanographic Institution (funded by the National
Science Foundation)

India- Project 2-171: Evolution, diversification and biogeography of cicadas (Insecta: Hemiptera: Cicadidae) on
the Indian Subcontinent

PI: Krushnamegh Kunte, National Center for Biological Sciences

U.S. Partner: Chris Simon, University of Connecticut (funded by the National Science Foundation)

India - Project 2-61: Targeting low-arsenic and low-fluoride groundwater to reduce exposure in rural Punjab,
India

PI: Chander Kumar Singh, TERI University; with co-PIs Saumitra Mukherjee, Jawaharlal Nehru University; Umesh
Kumar Garg, Adesh Institute of Engineering and Technology; and Manpreet Singh Bhatti, Guru Nanak Dev
University

U.S. Partner: Alexander Van Geen, Lamont-Doherty Earth Observatory of Columbia University (funded by the
National Science Foundation)

India - Project 1-32: Institutional dynamics of adaptation to climate change and urbanization: analysis of rain-fed
agricultural-urban lake systems in Bangalore, India

PI: Harini Nagendra, Ashoka Trust for Research in Ecology and the Environment

U.S. Partner: Tom Evans, Indiana University (funded by the National Science Foundation)

India - Project PP-27: NSF-PIRE collaboration: developing low-carbon cities in India: focus on urban
infrastructures, climate risks, and vulnerability

PI: Sachchida Nand Tripathi, Indian Institute of Technology-Kanpur

U.S. Partner: Anu Ramaswami, University of Minnesota (funded by the National Science Foundation)

India - Project PP-26: NSF-PIRE collaboration: developing low-carbon cities in India: field research on water-
energy-carbon baselines and low-carbon strategies in Indian cities

Pls: Emani Kumar, ICLEI - Local Governments for Sustainability, and Rakesh Yadav, Resource Optimization Initiative
U.S. Partner: Anu Ramaswami, University of Minnesota (funded by the National Science Foundation)

India - WMSG2-003: Understanding Mycobacterium Tuberculosis Mediated Host Metabolomics In Pulmonary

Tuberculosis: Correlation With Disease Severity And Treatment Course
Pi: Senbagavalli Prakashbabu, Jawaharlal Institute Of Postgraduate Medical Education & Research

India — WMSG2-010: “Creating A Hope”: A Mixed-Method Approach To Identify Most Acceptable Evidence-Based
Psycho-Social Intervention To Improve The Retention In Care Among Indian Youth Diagnosed With Multi-Drug
Resistant Th (Mdr-Tb)

Pi: Gauri Dhumal, Johns Hopkins, Bj Government Medical College, Pune, India
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India — WMSG2-001: Assessing Preparedness Of Urban Community Health Workers For Tuberculosis (Tb) Control-
An Exploratory Study In Two Cities Of India
Pi: Dr. Shilpa Karvande, Foundation For Medical Research

India—WMSG2-011: “Bridging the Gaps”: Understanding the Barriers and Facilitators in the Tuberculosis
Prevention Care Cascade for Optimizing Isoniazid Preventive Therapy Uptake among Adults Living with HIV in
India, a Mixed-Method Approach, Johns Hopkins, India

Pl: Neetal Nevrekar, Byramjee Jeejeebhoy Government Medical College (BJGMC) - Johns Hopkins Clinical Research
Site in Pune, India

India - WMSG2-005: Post Th Sequelae —Metabolic Syndrome AndThe Utility Of Plasma Biomarkers In Pulmonary
And Extrapulmonary Tuberculosis Patients From South India
Pi: Priyadarshini Padaki, St. John's Medical College And Hospital, India

India — WMSG2-004: Sampling with Mask and Reverse Transcriptase (SMaRT)-PCR for diagnosis of pediatric
tuberculosis
Pl: Ambreen Shaikh, Foundation for Medical Research, India

INDONESIA

Indonesia - COV-159: Improving public acceptance of COVID-19 vaccine in Yogyakarta, Indonesia: an application
of community ethic gotong royong and the protector schema

PI: Retna Padmawati, Universitas Gadjah Mada

U.S. Partner: Abram Wagner, University of Michigan (funded by National Institutes of Health)

Indonesia - COV-128: Cost-effectiveness of SARS-CoV-2 Surveillance on Wastewater and Environmental Sampling
(SWESP) as an early warning system for community COVID-19 transmission in Indonesia

PI: Indah Kartika Murni, Universitas Gadjah Mada

U.S. Partner: David Boyle, PATH (funded by National Institutes of Health)

Indonesia - Project 8-237: Development of woodidentification system and timber tracking database to support
legal trade

PI: Ratih Damayanti, Forestry Research Development and Innovation Agency (FORDA) of the Ministry of
Environment and Forestry, Indonesia, in partnership with Bogor Agricultural University

U.S. Partner: Michael Wiemann, U.S. Forest Service, Forest Products Laboratory

Indonesia - Project 8-124: Advancing shark conservation through innovative molecular and multi-stakeholder
approaches

PI: Andrianus Sembiring, Yayasan Biodiversitas Indonesia, in partnership with Udayana, Diponegoro, and Nahdlatul
Ulama Universities

U.S. Partner: Paul Barber, University of California, Los Angeles (funded by the National Science Foundation)

Indonesia - Project 7-304: Integrated geoscience studies for hazard mitigation at the Agung-Batur Volcanic
System, Bali, Indonesia

PI: Sri Widiyantoro, Institut Teknologi Bandung

U.S. Partner: Jacob Lowenstern, USGS Cascades Volcano Observatory
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Indonesia - Project 6-446: Delineating stock structure for tuna fish within Sulu Sulawesi Regions
Pl: Ida Astarini, Udayana University and BIONESIA
U.S. Partner: Allen Collins, National Systematics Lab of NOAA’s Fisheries Service and Smithsonian Institution

Indonesia - Project 6-52: Integrating ISLE in Integrated Science Instruction tolmprove Science Teacher's Abilities
on STEM Education

PI: Irwandi Irwandi, Syiah Kuala University

U.S. Partner: Eugenia Etkina, Graduate School of Education, Rutgers, The State University of New Jersey (funded by
the National Science Foundation)

Indonesia - Project 6-42: Developing Biodiverse Agroforests on Rewetted Peatlands in Indonesia
PI: Sonya Dewi, International Centre for Research in Agroforestry (ICRAF) aka World Agroforestry Centre
U.S. Partner: Randall Kolka, USDA Forest Service Northern Research Station

Indonesia — Project 6-25: Converging climate change adaptation and disaster risk reduction strategies into
agglomeration policy for coastal metropolitan planning

PI: Harkunti Pertiwi Rahayu, Institut Teknologi Bandung

U.S. Partner: Louise Comfort, University of Pittsburgh (funded by the National Science Foundation)

Indonesia - Project 5-497: Increasing TB Notification through one STop clinics and Engagement with Private
health care providers in Bandung, Indonesia (INSTEP)

PI: Bachti Alisjahbana, TB-HIV Research Center, Universitas Padjadjaran

U.S. Partner: Megan Murray, Harvard Medical School (funded by the National Institutes of Health)

Indonesia - Project 5-429: Science teaching in Indonesian religious schools
PI: Askuri Ibn Chamim, Indonesian Consortium for Religious Studies (ICRS)
U.S. Partner: Joel Kuipers, George Washington University (funded by the National Science Foundation)

Indonesia - Project 5-408: Implementing a combination of rapid diagnostic tests, biomarkers and standard of
care procedures for the diaghosis of pneumonia in pediatric patients to improve clinical management in
Indonesia

PI: Herman Kosasih, INA RESPOND

U.S. Partner: Clifford Lane, US-NIAID (funded by the National Institutes of Health)

Indonesia - Project 5-395: Incorporating climate change induced sea level rise information into coastal cities’
preparedness toward coastal hazards

PI: Syamsidik, Tsunami and Disaster Mitigation Research Center (TDMRC), Syiah Kuala University

U.S. Partner: Louise K. Comfort, University of Pittsburgh (funded by the National Science Foundation)

Indonesia - Project 5-215: Enhancing research capacity through a biotechnology-driven investigation of novel
gram-negative bacteria from Indonesian sponges

PI: Ocky Radjasa, Diponegoro University

U.S. Partner: Phillip Crews, University of California Santa Cruz (funded by the National Institutes of Health)

Indonesia - Project 5-125: Strengthening resilience to extreme weather related events in Indonesia through
improving the predictability of drought risk within Drought Cycle Management Model

PI: Heri Kuswanto, Institut Teknologi Sepuluh Nopember (ITS)

U.S. Partner: Justin Sheffield, Princeton University (funded by the National Science Foundation)
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Indonesia - Project 4-393: Integrated watershed management for enhancing local livelihoods and biodiversity
conservation in Indonesia

PI: Ani Adiwinata Nawir, CIFOR (Center for International Forestry Research) (formerly Terence Sunderland, through
December 2017)

U.S. Partner: Jefferson Fox, East-West Center (funded by the National Aeronautics and Space Agency)

Indonesia - Project 4-309: A better understanding of future seismic and tsunami hazards due to the Mentawai
Seismic Gap, West Sumatra, Indonesia through dense geodetic networks and capacity building efforts

PI: Ashar Muda Lubis, Bengkulu University

U.S. Partner: Louise Comfort, University of Pittsburgh (funded by the National Science Foundation)

Indonesia - Project 4-260: One fits all: developing decapods biodiversity research for education, conservation,
and research benefits

PI: Ambariyanto, Indonesian Biodiversity Research and Diponegoro University

U.S. Partner: Christopher Meyer, Smithsonian National Museum of Natural History (funded by the National Science
Foundation)

Indonesia - Project 4-146: Developing a bioeconomy in Indonesia: identification of novel microorganisms and
microbial enzymes from Indonesian peatland and buffaloes to improve bioconversion of oil palm residues
PI: Amadeus Pribowo and co-PI Irnayuli Sitepu, Indonesia International Institute for Life Sciences

U.S. Partner: Kyria Boundy-Mills, University of California, Davis (funded by the National Science Foundation)

Indonesia - Project 4-125: Developing science and learning research capacity of Bengkulu University in ex situ
conservation of Sumatran freshwater and terrestrial turtles

PI: Aceng Ruyani, Bengkulu University

U.S. Partner: Catherine Matthews, University of North Carolina, Greensboro (funded by the National Science
Foundation)

Indonesia - Project 4-29: Implementation of arandomization-based curriculum for introductory statistics at UPH
and across Indonesia

PI: Kie Van Ivanky Saputra, Universitas Pelita Harapan

U.S. Partner: Nathan Tintle, Dordt University (funded by the National Science Foundation)

Indonesia - Project 4-12: Coral vulnerability assessment to temperature stress (bleaching) and ocean
acidification in the Spermonde Archipelago: conservation strategies for climate resilience

PI: Nita Rukminasari, Universitas Hasanuddin

U.S. Partner: Brian Hopkinson, University of Georgia (funded by the National Science Foundation)

Indonesia - Project 3-212: Study of climate change and air quality impact from short-lived climate forcers (SLCFs)
reduction in Indonesia

PI: Asep Sofyan with co-Pl Ayu Purwarianti, Institut Teknologi Bandung

U.S. Partner: Gregory R. Carmichael, University of lowa (funded by the National Science Foundation)

Indonesia - Project 3-195: Sustainable conversion of oil palm lignocellulosic waste into pentanol using
metabolically engineered microbes

PI: Fransiskus X. Ivan, Surya University, with co-PI Yalun Arifin (former PI, now at Curtin University, Malaysia)
U.S. Partner: Brian Pfleger, University of Wisconsin, Madison (funded by the National Science Foundation)



http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152046
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152046
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152044
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152042
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152042
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152041
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152041
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_152038
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_084072
http://sites.nationalacademies.org/PGA/PEER/PEERscience/PGA_084072

Indonesia - Project 3-148: Strengthening research and teaching capacity of Brawijaya University in monitoring
and exploring of volcanoes (pilot study: ljen volcano complex, East Java)

PI: Sukir Maryanto, Brawijaya University

U.S. Partner: James Foster, University of Hawaii (funded by the National Science Foundation)

Indonesia - Project 3-147: Tsunami waves impacts on coastal morphological changes based on sediment
transport numerical simulations

PI: Syamsidik, Tsunami and Disaster Mitigation Research Center, Syiah Kuala University

U.S. Partner: Philip L-F. Liu, Cornell University (funded by the National Science Foundation)

Indonesia - Project 3-103: Integrated local emergency response policy improvement and capacity building for
advance-early warning system in the face of near-field tsunami risk

PI: Harkunti Pertiwi Rahayu, Institut Teknologi Bandung

U.S. Partner: Louise K. Comfort, University of Pittsburgh (funded by the National Science Foundation)

Indonesia - Project 3-82:Sediment transport evaluation on the Bengawan Solo River (downstream and estuary)
to minimize sedimentation and flood combining effect on nearby infrastructure

PI: Ria Asih Aryani Soemitro, Institut Teknologi Sepuluh Nopember

U.S. Partner: Gangfeng Ma, Old Dominion University (funded by the National Science Foundation)

Indonesia - Project 3-40: Diversification and inventory of the threatened lowland herpetofauna of Java and
Sumatra

PI: Nia Kurniawan, Brawijaya University

U.S. Partner: Eric Nelson Smith, University of Texas at Arlington (funded by the National Science Foundation)

Indonesia - Project 3-21: CLEAN project: converting municipal solid waste leachate into energy
PI: Wiratni Budhijanto, Universitas Gadjah Mada
U.S. Partner: Largus T. Angenent, Cornell University (funded by the National Science Foundation)

Indonesia - Project 2-457: Citizen science solutions for national biodiversity data needs: developing a plant
checklist for West Kalimantan, Indonesia

PI:  Made Wiryana, Universitas Gunadarma

U.S. Partner: Campbell Webb, Arnold Arboretum of Harvard University (funded by the National Science
Foundation)

Indonesia - Project 2-409: Tree isotope records of past rainfall variability in the Indonesian maritime region
PI: Sri Yudawati Cahyarini with co-Pl Intan Suci Nurhati, Indonesian Institute of Science (Lembaga llmu
Pengetahuan Indonesia)

U.S. Partner: Mike Evans, University of Maryland (funded by the National Science Foundation)

Indonesia - Project 2-324: Connecting science and management through biodiversity research and collaboration
PI: Made Pharmawati, Universitas Udayana

U.S. Partners: Forest Rohwer, San Diego State University, and Paul H. Barber, University of California, Los
Angeles (funded by the National Science Foundation)
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Indonesia - Project 2-319: Combating seagrass decline: developing a restoration manual for Indonesia and the
Coral Triangle

PI: Rohani Ambo-Rappe, Universitas Hasanuddin

U.S. Partners: John J. Stachowicz and Susan L. Williams, University of California, Davis (funded by the National
Science Foundation)

Indonesia - Project 2-232: Exploring the dynamic of extreme weather events in Indonesia using large scale
meteorological pattern as the forecast guidance (pilot study: Indramayu, West Java)

PI: Heri Kuswanto, Institut Teknologi Sepuluh Nopember

U.S. Partner: Richard Grotjahn, University of California, Davis (funded by the National Science Foundation)

Indonesia - Project 2-42: Improving process-skills of STEM undergraduate students in Indonesia through
Problem-Based Learning(PBL): faculty member development, student assessment, and curriculum adjustment
PI: Kamarza Mulia, Universitas Indonesia

U.S. Partner: Lisa Hunter, University of California, Santa Cruz (funded by the National Science Foundation)

Indonesia - Project 1-235: Coral healthsurveys in COREMAP: building resilience in climate-impacted coral reefs
of Indonesia

PI: Jamaluddin Jompa, Universitas Hasanuddin

U.S. Partner: C. Drew Harvell, Cornell University (funded by the National Science Foundation)

Indonesia - Project 1-208: Assessing degradation of tropical peat domes and dissolved organic carbon (DOC)
export from the Belait, Mempawah, and Lower Kapuas rivers in Borneo

PI: Gusti Z. Anshari, Universitas Tanjungpura

U.S. Partner: Charles F. Harvey, Massachusetts Institute of Technology (funded by the National Science
Foundation)

Indonesia - Project 1-205: Marine biodiversity of Raja Ampat Islands: the ARMS, morphology, and genetic
approaches for inventorying and monitoring patterns of marine biodiversity

PI: Abdul-Hamid Toha, State University of Papua

U.S. Partner: Kent Carpenter, Old Dominion University (funded by the National Science Foundation)

Indonesia - Project 1-152: Enhancements of research for adaptation of wetlands in Indonesia to projected
impacts of sea level rise

PI: Frida Sidik, Institute for Marine Research and Observation, Ministry of Marine Affairs and Fisheries

U.S. Partner: llka Feller, Smithsonian Institution

Indonesia - Project 1-102: Building Indonesian research capacity throughgenetic assessment of commercial fish
species

Pl: 1 Gusti Ngurah Kade Mahardika, Universitas Udayana

U.S. Partner: Kent Carpenter, Old Dominion University (funded by the National Science Foundation)

Indonesia - Project 1-90: Strengthening research and teaching capacity of the Andalas University in climate
change and natural resources management

PI: Rudi Febriamansyah, Andalas University

U.S. Partner: BrendanBuckley, Lamont-Doherty Earth Observatory, Columbia University (funded by the National
Science Foundation)
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Indonesia - Project 1-21: IncorporatingBali’s subak heritage into primary and secondary education: curriculum
development, teacher training, and action research
PI: Sang Putu Kaler Surata, Mahasaraswati University
U.S. Partner: John Stephen Lansing, University of Arizona Tucson (funded by the National Science Foundation)

Indonesia— Project H2-3: Effects of air pollution in early life on infant and maternal health

PI: Nikmah Salamia Idris, University of Indonesia - Cipto Mangunkusumo National General Hospital

U.S. Partner: Kerstin Klipstein-Grobusch, University Medical Center Utrecht (funded by the National Institutes of
Health)

Indonesia—Project H2-4:Development of a referral system using kangaroo mother care for low birth weight
babies

PI: Hadi Pratomo, Faculty of Public Health, Universitas Indonesia

U.S. Partner: Abdullah Baqui, Johns Hopkins University Bloomberg School of Public Health (funded by the National
Institutes of Health)

Indonesia — Project H2-2: Improving hospital care for breastfeeding support in Indonesia

PI: Francisca Handy Agung, Center for Health Research, Universitas Indonesia

U.S. Partner: Valerie Flaherman, University of California, San FranciscoSchool of Medicine(fundedby the National
Institutes of Health)

Indonesia — Project H2-1: Impact of reduced in-home secondhand smoke exposure on low birthweight
prevalence and neonate health

PI: Yayi Suryo Prabandari, Center for Health Policyand Management, Faculty of Medicine, Gadjah Mada University
U.S. Partner: Donald Bailey, Research Triangle Institute (RTI) International (funded by the National Institutes of
Health)

Indonesia Project H1-163: Epidemiologic and genotypic analysis of active M. tuberculosis cases in Indonesia:
Understanding the acquisition and transmission of drug-resistant tuberculosis

PI: Andani Eka Putra, Andalas University

U.S. Partner: Megan Murray, Harvard Medical School (funded by the National Institutes of Health)

Indonesia Project H1-158: Intensified antibiotic treatment plus low dose aspirin for tuberculous meningitis: a
randomized clinical trial

PI: Rovina Ruslami, Universitas Padjadjaran

U.S. Partner: H. Clifford Lane, National Institute of Allergyand Infectious Diseases (NIAID) (funded by the National
Institutes of Health)

Indonesia ProjectH1-115: Development of an antigen-capture immunoassay for the rapid diagnosis of acute
leptospirosis

PIl: Farida Handayani, Ministry of Health, Republic of Indonesia

U.S. Partner: David AuCoin, University of Nevada, Reno (funded by the National Institutes of Health)

Indonesia Project H1-89: Implementation of PharmaCheck to assure the quality of IMCI drugs in Indonesia
Pl: lwan Ariawan, Universitas Indonesia
U.S. Partner: Muhammad Zaman, Boston University (funded by the National Institutes of Health)
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Indonesia Project H1-16: Mosquito-borne arboviral surveys in Indonesia with a focus on Dengue vectors
Pl: Isra Wahid, Universitas Hasanuddin
U.S. Partner: David Severson, University of Notre Dame (funded by the National Institutes of Health)

Indonesia — Project WMSG2-008: Association Between Burden of Medicine and Therapy Adherence Among
Multi-Drug Resistant Tuberculosis Patients in West Java, Indonesia
PI: Melisa Barliana, Universitas Padjadjaran

Indonesia — Project WMSG2-009: Spinal Tuberculosis In Indonesia: Five-Year Epidemiology, Risk Factors And
Quality Of Life Outcomes

Pi: Astri Ferdiana, Department Of Public Health Faculty Of Medicine, University of Mataram and Gadjah Mada
University, Indonesia

Indonesia — Project WMSG2-006: The effectiveness of The Mobile Nursing Centre and determinants for TB care
and prevention using telehealth and telenursing approach to reduce stigma of TB and COVID-19 in West Java
Indonesia

Dr. Neti Juniarti, Universitas Padjadjaran, Indonesia

Indonesia — Project WIMISG2-007: Parents’ knowledge, attitude, and health seeking behavior towards childhood

TB during the COVID-19 pandemic
PI: Dr. Windy Rakhmawati, Universitas Padjadjaran, Indonesia

Indonesia - Project WMSG2-002: Strengthening community to recognize and prevent tuberculosis and diabetes
mellitus (SCREEN TB-DM) among informal workers
PI: Dr. Vitri Widyaningsih, Universitas Sebelas Maret, Indonesia

KAZAKHSTAN

Kazakhstan - Project 9-472: The evaluation of challenges of youth in Kazakhstan and piloting innovative solutions
PI: Alima lbrasheva, Nazarbayev University Graduate School of Education
U.S. Partner: James Cox, Georgia State University (funded by the National Science Foundation)

Kazakhstan - Project 9-38: The effects of excessive water use and agricultural intensification on aral sea
shrinkage: SES dynamics within the Syr Darya River Basin

PI: Maira Kussainova, Kazakh National Agrarian University

U.S. Partners: Ranjeet John, University of South Dakota, and Jiquan Chen, Michigan State University (funded by the
National Aeronautics and Space Administration)

Kazakhstan — Project 5-236: Satellite enhanced snowmelt flood and drought predictions for the Kabul River basin
with surface and groundwater modeling

Pl: Mohammad Najaf (deceased), Kabul Polytechnic University, with co-Pls Jay Sagin, Nazarbayev University
(Kazakhstan), and Muhammad Abid, COMSATS, (Pakistan)

U.S. Partner: Jennifer Jacobs, University of New Hampshire
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KYRGYZSTAN

Kyrgyzstan - Project 5-519: Integratedwater resources management and strategic environmental assessment of
Kabul and Amudarya Rivers

Pl: Zheenbek Kulenbekov, American University of Central Asia

U.S. Partner: Forrest Melton, California State University Monterey Bay, and the NASA Ames Research Center
Cooperative for Research in Earth Science and Technology (NASA ARC-CREST)

Kyrgyzstan - Project 4-454: Water resources response on glacier dynamics in Central Asia transboundary river
basins

Pl: Tamara Tuzova, Institute of Water Problems and Hydro Power of the National Academy of Sciences of
Kyrgyzstan (funded by the National Science Foundation)

U.S. Partner: David Watkins, Michigan Technological University (funded by the National Science Foundation)

MALDIVES

Maldives - Project 4-463: Can drought and flood hazard be skillfully assessed at fine spatial resolutions from
combining constrained streams of observed, remotely sensed, and model predicted data in Sri Lanka and the
Maldives?

Pl: Piyasena Wickramagamage, Foundation for Environment, Climate, and Technology

U.S. Partner: Randall Koster, NASA Goddard Space Flight Center

MONGOLIA

Mongolia - Project 2-296: Building research and teaching capacity to aid climate change and natural resources
management at the National University of Mongolia

Pl: Baatarbileg Nachin, National University of Mongolia

U.S. Partner: Amy Hessl, West Virginia University (funded by the National Science Foundation)

Mongolia - Project 1-98: Impacts of climate change on freshwater and fisheries resources of the Lake Hovsgol
watershed

PI: Bud Mendsaikhan, Mongol Ecology Center

U.S. Partner: Olaf Jensen, Rutgers University (funded by the National Science Foundation)

Mongolia - Project 1-16: Determining sources of health impacts of particulate matter in Ulaanbaatar City to aid
and assess current air pollution mitigation efforts

Pl: Sereeter Lodoysamba, National University of Mongolia

U.S. Partner: Christa Hasenkopf, University of Colorado (funded by the National Science Foundation)

NEPAL

Nepal - Project 6-182: Mapping of pesticide residue and (0o)cysts on vegetable and fruits using low-cost field
based assays

Pl: Basant Giri, Kathmandu Institute of Applied Sciences

U.S. Partner: Toni Barstis, Saint Mary's College (funded by the National Science Foundation)

Nepal - Project 5-576: Understanding the phenomenon of open mapping: creating open-source map data as a

critical information infrastructure for disaster preparedness and development
PI: Nama Budhathoki, Kathmandu Living Labs
U.S. Partner: Kenneth Anderson, University of Colorado Boulder (funded by the National Science Foundation)
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Nepal - Project 5-185: JaibikMap: Nepal’s biodiversity and climate change tool for the future
PI: Menaka Panta, International Union for Conservation of Nature - Nepal
U.S. Partner: Walter Jetz, Yale University (funded by the National Science Foundation)

Nepal - Project 5-17: Cluster-controlled implementation science trial of integrated maternal newborn child
healthcare delivery in group settings

Pl: Pushpa Chaudhari, Nepal Ministry of Health and Possible (formerly known as Nyaya Health)

U.S. Partner: Duncan Maru, Brigham and Women’s Hospital (funded by the National Institutes of Health)

Nepal - Project 1-183: Establishing a collaborative assessment of the impacts of climate change on the
hydrological regime of the Langtang River Basin, central Nepal

PI: Rijan Bhakta Kayastha, Kathmandu University

U.S. Partner: Mark W. Williams, University of Colorado (funded by the National Science Foundation)

Nepal - Project H1-32: Investigation of the effectiveness of national clean cookstoves program in Nepal in
reducing Acute Respiratory Tract Infection in £5 children

PI: Sharat Verma, National Tuberculosis Center

U.S. Partner: Kirk Smith, University of California, Berkeley (funded by the National Institutes of Health)

PAKISTAN

Pakistan - Project 7-226: Enhancing reproductive health services use by married adolescent girls - role of women
volunteers

Pl: Tasleem Akhtar, NUR Center for Research and Policy

U.S. Partner: Adnan A. Hyder, Milken Institute School of Public Health, George Washington University (funded by
the National Institutes of Health)

Pakistan — Project 5-85: Using water resources systems analysis to guide transboundary Kabul River water
partnership

Pl: Hina Lotia, Leadership for Environment and Development Pakistan

U.S. Partner: Julie Kiang, and Jerad Bales, United States Geological Survey

Pakistan - Project 4-323: Understanding our joint water-climate change challenge and exploring policy options
for cooperation on the Afghan-Pak transboundary Kabul River Basin

PI: Hina Lotia, Leadership for Environment and Development Pakistan

U.S. Partners: Amir AghaKouchak, University of California, Irvine, and Konstantinos M. Andreadis, Jet Propulsion
Laboratory (funded by the National Aeronautics and Space Agency)

Pakistan - Project 4-255: Enhanced Engagement in Research on the Kabul River Basin (EKaRB)
PI: Muhammad Azeem Ali Shah, International Water Management Institute
U.S. Partner: Lauren Hay, United States Geological Survey

PHILIPPINES

Philippines - Project 9-379: Assessment and comparison of recovery of biodiversity and carbon sequestration in
Philippine mangroves among natural, replanted and naturally-recolonized mangrove stands

Pl: Severino Salmo lll, University of the Philippines Diliman - Institute of Biology

U.S. Partner: Richard MacKenzie, United States Department of Agriculture/Forest Service
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Philippines - Project 7-128: Baselining persistent and emerging organic pollutant levels in environmental and
engineered systems (PEOPLES) for healthy Philippines

PI: Caroline Jaraula, Marine Science Institute, University of the Philippines

U.S. Partner: Diana Aga, University at Buffalo (funded by the National Science Foundation)

Philippines - Project 5-173: Using contact tracing to assess barriers to diagnosis and treatment and develop an
educational campaign surrounding childhood tuberculosis in the Northern Philippines

Pl: Flordeliza Bassiag, Isabela State University

U.S. Partner: Tania Thomas, University of Virginia (funded by the National Institutes of Health)

Philippines - Project 3-236: Early detection of volcano flank failure using InSAR
PI: Alfredo Mahar Francisco Lagmay, University of the Philippines, National Institute of Geological Sciences
U.S. Partner: Falk Amelung, University of Miami (funded by the National Science Foundation)

Philippines - Project 3-226: “A Glass of the Sea:” an immersive, interactive, visual exhibition on the apex of the
Earth’s marine life

PI: Maria Isabel Garcia, The Mind Museum (of the Bonifacio Art Foundation, Inc.)

U.S. Partner: Terrence Gosliner, California Academy of Sciences (funded by the National Science Foundation)

Philippines - Project 3-191: Enhancement of Philippines’ research capability in understanding the role of
mangrove ecosystem health in the adaptation and mitigation against natural disasters

Pl: Severino Salmo lll, Ateneo de Manila University

U.S. Partner: Ilka Feller, Smithsonian Environmental Research Center, Smithsonian Institution

Philippines - Project 3-163: Lake Taal: Sustaining native biodiversity in the face of aquaculture, climate change,
and non-native species

PI: Rey Donne Papa, University of Santo Tomas

U.S. Partner: Terrence Gosliner, California Academy of Sciences (funded by the National Science Foundation)

Philippines - Project 1-177: Enhancing marine natural resource and biodiversity management in the Philippines
by extending population connectivity research

PI: Maria Carmen Ablan Lagman, De La Salle University

U.S. Partner: Kent Carpenter, Old Dominion University (funded by the National Science Foundation)

Philippines - Project 1-34: Pathways forindigenous knowledge engagement on marine biodiversity conservation
PI: Marivic G. Pajaro, Haribon Foundation for the Conservation of Natural Resources
U.S. Partner: Douglas Medin, Northwestern University (funded by the National Science Foundation)

Philippines —Project H2-7: Effect of a smoking cessation intervention program for families of children diagnosed
with TB

PI: Benjamin Sablan, Philippine Ambulatory Pediatric Association

U.S. Partner: Jonathon Winickoff, Massachusetts General Hospital and Harvard Medical School (funded by the
National Institutes of Health)

Philippines — Project H2-6: Diagnosis, treatment and management of pediatric tuberculosis in health
emergencies and disasters

PI: Salvacion Gatchalian, University of Philippines, College of Medicine, Philippine General Hospital

U.S. Partner: Kristy Murray, Baylor College of Medicine (funded by the National Institutes of Health)
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Philippines — Project H2-5: Enhancing childhood tuberculosis identification and treatment in the Philippines
PI: Anna Ma. Lena Lopez, Institute of Child Health and Human Development, University of the Philippines Manila--
National Institutes of Health

U.S. Partner: Karin Nielsen, David Geffen UCLA School of Medicine (funded by the National Institutes of Health)

SRI LANKA

Sri Lanka - Project 7-201: Developing dengue risk predictions from environmental, entomological, and societal
information to aid public health management in Sri Lanka

Pl: Pahalagedera Hewayalage Dona Kusumawathie, Tropical Climate Guarantee

U.S. Partner: Aravinda de Silva, University of North Carolina Chapel Hill (funded by the National Institutes of Health)

Sri Lanka and the Maldives - Project 3-152: Developing monitoring tools for managing drought risk and
addressing the riddle of increased drought tendency amidst the wetter climate change projections for Sri Lanka
and the Maldives

Pl: Lareef Zubair, Foundation for Environment, Climate and Technology, with Co-Pl Mizna Mohamed, Maldives
National University

U.S. Partner: Bradfield Lyon, International Research Institute for Climate and Society, Lamont-Doherty Earth
Institute at Columbia University (funded by the National Science Foundation)

Sri Lanka and India - Project 2-475: Fecal sludge and urine reuse in agriculture — opportunities for addressing
phosphorus needs in India

Pl: Pay Drechsel, International Water Management Institute, with co-Pl Vijayaraghavan M. Chariar, Indian Institute
of Technology Delhi

U.S. Partner: James Elser, Arizona State University (funded by the National Science Foundation)

Sri Lanka - Project 1-194: Intra-seasonal climate predictions for Sri Lanka and Maldives for water resources

management
Pl: Lareef Zubair, Foundation for Environment, Climate and Technology, Mahaweli Authority of Sri Lanka

Co-PI: Piyasena Wickramagamage, University of Peradeniya
U.S. Partner: Adam H. Sobel, Columbia University (funded by the National Science Foundation)

TAJIKISTAN

Tajikistan - Project 5-140: Interstate water resource risk management: towards a sustainable future for the Pyanj
River basin

PI: Rano Eshankulova, Institute of Water Problems, Hydropower, and Ecology, Academy of Sciences of the Republic
of Tajikistan

U.S. Partner: Mark Williams, University of Colorado Boulder (funded by the National Science Foundation)

Tajikistan - Project 4-356: Risk management and assessment of water resources of the Amu Darya River Basin
under conditions of climate change and construction of large reservoirs

PI: Inom Normatov, Institute of Water Problems, Hydropower, and Ecology, Academy of Sciences of the Republic of
Tajikistan

U.S. Partner: Mary Brodzik, University of Colorado Boulder (funded by the National Aeronautics and Space Agency)
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THAILAND

Thailand and Cambodia- Project 6-436: Connecting climate change, hydrology & fisheries for energy and food
security in Lower Mekong Basin

PI: Vilas Nitivattananon, Asian Institute of Technology; with co-Pls Sangam Shrestha, AIT; Thanapon

Piman, Stockholm Environmental Institute; and Chheng Phen, Inland Fisheries Research and Development Institute
U.S. Partner: John Sabo, Arizona State University (funded by the National Science Foundation)

Thailand and Burma- Project 2-473: Analysis of historical forest carbon changes in Burma and Thailand and the
contribution of climate variability and extreme weather events

Pl: Amnat Chidthaisong, The Joint Graduate School of Energy and Environment, King Mongkut's University of
Technology Thonburi, with co-PI Khin Lay Swe, Yezin Agriculture University

U.S. Partners: Merryl Alber and Monique Y. LeClerc, University of Georgia (funded by the National Science
Foundation)

Thailand, Laos, and Vietham - Project 2-93: Biodiversity and conservation in the Lower Mekong: empowering
female herpetologists through capacity building and regional networking

PI: Anchalee Aowphol, Kasetsart University, with co-Pls Niane Sivongxay, Wildlife Conservation Society and National
University of Laos; and Huy Duc Hoang, University of Science, Ho Chi Minh City

U.S. Partner: Bryan L. Stuart, North Carolina Museum of Natural Sciences (funded by the National Science
Foundation)

Thailand, Indonesia, and Vietham - Project 1-243: Assessment of impacts of the emission reduction measures of
short-lived climate forcers on air quality and climate in Southeast Asia

PI: Nguyen Thi Kim Oanh, Asian Institute of Technology

Co-Pls: Hoang Xuan Co, Hanoi University of Sciences Vietnam National University; Asep Sofyan, Institute of
Technology Bandung; and Nguyen Tri Quang Hung, Nong Lam University

U.S. Partner: Philip Hopke, Clarkson University (funded by the National Science Foundation)

UZBEKISTAN

Uzbekistan - Project 6-310: Reducing water pollution and carbon emissions from irrigated areas by improving
irrigation management and rural livelihoods: case studies from energy intensive pump irrigated areas of Sogd
Province, Tajikistan and Kashkadarya Province, Uzbekistan

Pl: Oyture Anarbekov, International Water Management Institute - Central Asia Office

U.S. Partner: James Ayars, United States Department of Agriculture Agricultural Research Service

Uzbekistan - Project 5-523: Implications of climate change, land use and adaptation interventions on water
resources and agricultural production in Transboundary Amu Darya river basin

Pl: Zafar Gafurov, International Water Management Institute (IWMI)

U.S. Partner: John Bolten, NASA Goddard Space Flight Center

Uzbekistan - Project 5-323: Provision of science based evidence on climate induced water quality challenges in
Amu Darya basin

Pl: Iskandar Abdullaev, Regional Environmental Center for Central Asia (CAREC)

U.S. Partner: Antarpreet Jutla, West Virginia University (funded by the National Aeronautics and Space Agency)
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Uzbekistan - Project 4-407: Use of non-conventional agricultural water resources to strengthen water and food
security in the transboundary watersheds of the Amu Darya River Basin (UNCAWR)

PI: Kristina Toderich, International Center for Biosaline Agriculture

U.S. Partner: Robert Nowak, University of Nevada, Reno (funded by the United States Department of Agriculture/
Agricultural Research Service)

Uzbekistan - Project 4-112: Transboundary water management adaptation in the Amu Darya Basin to climate
change uncertainties

PI: Viktor Dukhovniy, Scientific-Information Center of Interstate Commission for Water Coordinationof Central Asia
U.S. Partner: Benjamin F. Zaitchik, Johns Hopkins University (funded by the National Science Foundation)

Uzbekistan - Project 4-97: Mitigating the competition for water in the Amu Darya River Basin, Central Asia, by
improving water use efficiency

PI: Kakhramon Djumaboeyv, International Water Management Institute

U.S. Partner: James Ayars, USDA-ARS Water Management Unit

Uzbekistan - Project 1-41: Utilizationof low quality water for halophytic forage and renewable energy production
Pl: Kristina Toderich, International Center for Biosaline Agriculture
U.S. Partner: Laurel Saito, University of Nevada (funded by the National Science Foundation)

VIETNAM

Vietnam - COV-139: Understanding the importance of ecosystem services and medicinal plants during and after
the COVID-19 crisis in Vietnam

Pl: Tuyen Nghiem, Vietnam National University—Central Institute for Natural Resources and Environmental Studies
U.S. Partner: Pamela McElwee, Rutgers, The State University of New Jersey (funded by National Science
Foundation)

Vietnam - Project 9-554: Developing a framework for the identificationof soil limiting factors for bioremediation
of dioxin compounds in contaminated soils of Vietham

PI: Nguyen Khoi Nghia, Can Tho University

U.S. Partner: M. Scott Demyan, The Ohio State University (funded by the United States Department of Agriculture/
National Institute of Food and Agriculture)

Vietnam - Project 9-553: Biochar facilitated bioremediation: A green solution for dioxin/furan pollution
PI: Dang Thuong Huyen, University of Technology, Vietnam National University-Ho Chi Minh City
U.S. Partner: Karl Rockne, University of lllinois at Chicago (funded by the National Institutes of Health)

Vietham - Project 9-551: Nanoassisted bioremediation of diffused dioxins in soil and sediment
PI: Nguyen Thi Kim Oanh, Asian Institute of Technology (AIT) Center in Vietnam and AIT Thailand
U.S. Partner: Dana Barr, Emory University (funded by the National Institutes of Health)

Vietnam - Project 8-14: Improved management of waterand sediment yield in 3S basin — upper part of Mekong
River Basin

PI: Duong Bui, National Center for Water Resources Planning and Investigation, in partnership with the National
University of Civil Engineering

U.S. Partner: Venkataraman Lakshmi, University of Virginia (funded by the National Aeronautics and Space
Administration)
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Vietnam - Project 8-6: Sustainable groundwater management under socioeconomic and climate change in
Mekong Delta, Vietham

PI: Chau Nguyen Xuan Quang, Vietnam National University - Ho Chi Minh City, with co-PI Sangam Shrestha, Asian
Institute of Technology

U.S. Partner: John Sabo, Arizona State University (funded by the National Science Foundation)

Vietnam - Project 8-3: Identifying conditions for successful landscape-scale conservation policy implementation
in Vietnam

Pl: Pham Thu Thuy, Center for International Forestry Research, in partnership with the Vietnam National University
of Forestry

U.S. Partner: Darla Munroe, The Ohio State University (funded by the United States Department of Agriculture/
National Institute of Food and Agriculture)

Vietnam, Cambodia, Laos, Thailand, and Myanmar - Project 6-435: Riverscape genetics to inform natural history
of exploited fishes in the Lower Mekong River Basin

PI: Dang Thuy Binh, Institute for Biotechnology and Environment, Nha Trang University; with co-Pls Chheng Phen,
Inland Fisheries Research and Development Institute; Latsamy Phounvisouk, Living Aquatic Resources Research
Center; Chaiwut Grudpan, Ubon Ratchathani University; and Mie Mie Kyaw, University of Mandalay

U.S. Partner: Jeffrey Williams, Smithsonian Institution

Vietnam - Project 6-220: Field-scale applicationof vetiver grass to mitigate dioxin contaminated soil at Bien Hoa
Airbase

PI: Ngo Thi Thuy Huong, Vietnam Research Centre on Karst and Geoheritage of the Vietnam Institute of
Geosciences and Mineral Resources

U.S. Partner: James Landmeyer, United States Geological Survey

Vietnam - Project 5-666: An assessment of smoking and access to care as risk factors for gender-differences in TB
rates: a substudy of the Vietham NTP TB prevalence survey 2016-2018

PI: Nguyen Van Hung, Vietnam National Tuberculosis Program

U.S. Partner: Payam Nahid, University of California, San Francisco (funded by the National Institutes of Health)

Vietnam - Project 5-618: Study on coral reef resilience in comparative areas in South Vietham for marine
biodiversity conservation in a changing world

PI: Tuan Si Vo, Institute of Oceanography

U.S. Partner: Mark Eakin, NOAA Coral Reef Watch

Vietnam - Project 5-257: GIS and remote sensing application for assessment of land degradation in the Lower
Mekong River Basin

PI: Quyet Vu, Soils and Fertilizers Research Institute

U.S. Partners: John Bolten, NASA Goddard Space Flight Center, and Venkat Lakshmi, University of Virginia

Vietham - Project 5-253: Using mult i data for biodiversity conservation at Dak Nong Province in the Central
Highlands of Vietham

PI: Nguyen Thi Thanh Huong, Tay Nguyen University

U.S. Partner: Volker Radeloff, University of Wisconsin—Madison (funded by the National Aeronautics and Space
Agency)




Vietnam - Project 4-189: Application of geodetic, satellite remote sensing, and physical modeling tools for the
management of operational groundwater resources in the Red River Delta, Vietham

PI: Nguyen Duc Luong, Institute of Environmental Science and Engineering, National University of Civil Engineering
U.S. Partner: Faisal Hossain, University of Washington (funded by the National Aeronautics and Space Agency)

Vietnam - Project 3-190: Water governance of minority communities in the Mekong Delta

PI: Nguyen Van Kien, Research Centre for Rural Development, An Giang University

U.S. Partners: Carol Xiaohui Song and Venkatesh Merwade, Purdue University (funded by the National Science
Foundation)

Vietnam, Cambodia, and Laos - Project 3-149: Biodiversity conservation in Indochina: Integrating research and
training to enhance wildlife trade management

PI: Minh Le, Central Institute for Natural Resources and Environmental Studies of Vietnam National University
(VNU-CRES), with co-Pls Seak Sophat, Royal University of Phnom Penh, and Sengdeuane Wayakone, National
University of Laos

U.S. Partner: Mary Blair, The American Museum of Natural History (funded by the National Science Foundation)

Vietnam, Cambodia, and Laos - Project 3-100: Building a Mekong River genetic biodiversity research network
PI: Vu Ngoc Ut, Can Tho University, with co-Pls Dang Thuy Binh, Nha Trang University; Chheng Phen, Inland
Fisheries Research and Development Institute; So Nam, Mekong River Commission; Latsamy Phounvisouk, Living
Aquatic Resources Research Centre

U.S. Partner: Kent Carpenter, Old Dominion University (funded by the National Science Foundation)

Vietnam - Project 2-544: Evaluating the sustainability of ground water resources: academic and scientific gaps
Pl: Pham T.K. Trang, Hanoi University of Science

U.S. Partner: Benjamin Carlos Bostick and Alexander Van Geen, Columbia University (funded by the National
Science Foundation)

Vietnam - Project 2-496: Technical development and field-testing of a self-contained, inexpensive wave energy
converter device

PI: Tho H. Nguyen, Tan Tao University

U.S. Partner: Brian Bingham, University of Hawaii (funded by the National Science Foundation)

Vietnam - Project 2-7: Conservationgenetics for improved biodiversity and resource management in a changing

Mekong Delta
PI: Dang Thuy Binh, Nha Trang University

U.S. Partner: Kent E. Carpenter, Old Dominion University (funded by the National Science Foundation)

Vietnam - Project 1-319: Research and capacity building on REDD+, livelihoods, and vulnerability in Vietnam:
developing tools for social analysis of development planning

Pl: Le Thi Van Hue, Central Institute for Natural Resources and Environmental Studies of Vietham National
University (VNU-CRES)

Co-Pls: Nguyen Viet Dung, PanNature--Center for People and Nature Reconciliation; and Tran Huu Nghi, Tropenbos
International Vietnam

U.S. Partner: Pamela McElwee, Rutgers University (funded by the National Science Foundation)




AFGHANISTAN

AFGHANISTAN — PROJECT 9-012: WATER HARVESTING AT COMMUNITY LEVEL FOR
ENHANCED ACCESS TO GROUND WATER

Pl: Fatema Samim, Herat University
U.S. Partner: Christine Lee, Nasa Jet Propulsion Laboratory

PROJECT OVERVIEW:

One of the main challenges facing society when striving for urban sustainability is that of water supply, a
resource that is decreasing in both quantity and quality in Afghanistan. Increasing water demand for
both domestic and agricultural uses has put enormous pressure on groundwater resources. Due to this
rising demand coupled with a series of droughts, the groundwater tables in multiple regions of
Afghanistan have declined to the extent that about 60-70 percent of traditional groundwater irrigation
systems (karezes) have dried up. This over-exploitation of water resources has caused devastating
impacts on drinking water supplies for urban and rural populations. To address sustainability concerns,
appropriate government policies are needed to effectively manage and monitor groundwater
development and use. The project aimed to focus on the use of rainwater harvesting as a technique for
groundwater recharge to capture and store water during rainy periods so it could be used for drinking,
irrigation, and other purposes in the dry seasons.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project did not start due to the government transition during the first week of project activities.



AFGHANISTAN - PROJECT 5-183: IMPACT OF CLIMATE CHANGE ON RUNOFF FROM
GLACIERS, SNOW, AND RAINFALL IN THE PAMIR AND HINDU KUSH MOUNTAINS: A
COMPARISON OF AMU DARYA AND KABUL RIVER BASINS

Pl: Fahimeh Salehi, Green Social Research Organization

U.S. Partner: Daniel Fagre, USGS

Dates: December 2016 - December 2018

PROJECT OVERVIEW

The main objective of this project was to assess the role of glaciers, snow, and rainfall in the total
stream flow of the Kabul and Amu Darya river basins. These rivers are transboundary waters, with
Afghanistan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan sharing the Amu Darya, and
Afghanistan and Pakistan sharing the Kabul River Basin. Therefore, this project was intended to inform
these countries in the face of climate change and economic growth. While the Amu Darya is believed
to be heavily glacier-fed, the Kabul River Basin is believed to be heavily snow-fed as a result of climate
change. This is an obvious challenge in the winter, as Afghanistan may face flooding, avalanches, flash
floods, and the formation of glacier lakes and moraine lakes. In contrast, in summer the country
experiences water scarcity. This PEER team focused on these challenges and analyzed the variation of
river flows and climate change on sources of water in Afghanistan. Through this project, Afghan and
American researchers worked together to share knowledge, experience, and information. Knowing
that a primary goal of USAID/Afghanistan is to reduce extreme poverty, the researchers aimed to
promote economic growth by optimizing river flow management, helping to predict future climate-
related disasters, and presenting alternatives for disaster mitigation and preparedness among the
transboundary riparian countries. Information about transboundary water issues remains limited even
at the university level, and this project was anticipated to provide an opportunity for researchers,
university faculty members, the engineering community, and policy makers to share knowledge and
utilize the new technologies.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project contributed to capacity building for junior researchers, resulting in the production of six
articles in local languages supervised by the Pl and team members. Training received from US partners
and professionals enabled the creation of valuable maps and data, influencing decision-making and
prompting institutional reforms and climate change adaptation measures. A total of 100 men and 25
women benefited from the project's training efforts.

The research identified glaciers as prominent indicators of global change in Afghanistan, highlighting
their melting due to rising temperatures. This phenomenon has caused both floods and droughts,
affecting the Kabul River Basin (KRB) and Amu Darya River Basins. The project developed models
tracking climate impacts on these basins, which predominantly rely on water from melting glaciers,
snow packs, and icecaps in the Hindu-Kush, Himalayan, and Pamir ranges. Diminished water discharge
has negatively impacted local livelihoods, creating future water resource challenges for economic
development and environmental sustainability. The GSRO Yearbook web platform was launched in
2018 to disseminate project findings, with an updated version planned for 2019.



Through the project, a national-level conference convened stakeholders and decision-makers,
resulting in policy notes derived from project findings and official data. Additionally, the team also

presented their research at various conferences and workshops to enhance dissemination and
discussion of their findings.



AFGHANISTAN — PROJECT 5-074: REGIONALIZATION OF THE GLOBAL INTEGRATED
DROUGHT MONITORING AND PREDICTION SYSTEM (GIDMAPS) FOR AFGHANISTAN
PI: Khadija Jawadi, Environmental Conservation Specialist Organization of Afghanistan
U.S. Partner: Amir Aghakouchak, University of California, Irvine Regionalization of the
Global Integrated Drought Monitoring and Prediction System (GIDMaPS) for Afghanistan
Dates: January 2017 - July 2019

PROJECT OVERVIEW

In the past decades, Afghanistan has encountered several droughts that inflicted terrible damage on
groundwater, surface water resources, agricultural sectors, forests, and pastures. Extreme droughts
were expected to occur more frequently in the coming decades, which could cause major economic
losses and social and environmental disasters. The overall objective of this research was to develop,
validate, and implement a drought monitoring system for the Amu Darya and Kabul Basins in
Afghanistan. The researchers worked to provide reliable information that could be used towards
drought mitigation, risk management, and planning strategies. Regionalization of this model for the
Afghanistan basins aimed to promote better monitoring and prediction of droughts and enhance
decision-making and risk reduction efforts.

This research built upon the successful development and implementation of previous UNESCO drought
monitoring systems and enhanced risk management and drought mitigation by providing consistent and
continuous drought information. The system provided drought monitoring information based on
multiple indicators and data sources, including satellite observations and local ground-based
information. Providing multi-model, multi-index, seasonal drought prediction information for
Afghanistan was an integral part of the implementation. The use of a single index to indicate the
diversity and complexity of drought conditions and impacts was one of the major limitations to drought
monitoring. For this reason, the system developed and tested by this team provided drought
information based on multiple univariate drought indicators and one multivariate drought index.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Government of Islamic Republic of Afghanistan (GolRA) committed to adopting Integrated Water
Resource Management (IWRM) by establishing River-Basin Agencies (RBAs) in the country's five major
river basins. This initiative aimed to integrate water resource planning and involve users and societal
institutions in decision-making processes for equitable water distribution, environmental protection,
and sustainable development. Adequate and reliable water availability information is crucial for these
efforts.

Throughout the project, a data gathering team collected data for the Global Integrated Drought
Monitoring and Prediction System (GIDMaPS) project. They gathered local ground-based data such as
precipitation, soil moisture, and temperature from the Kabul and Amu Darya river basins spanning a 10-
year period. Data on land-cover, land-use, GIS maps, and soil from these basins were obtained from the
Ministry of Agriculture, Irrigation, and Livestock (MAIL). Meetings with MAIL officials and the Ministry of
Energy and Water (MEW) provided additional local data including precipitation, temperature,
evaporation, and wind data.



The team plans to evaluate satellite imagery and remote sensing data from sources including MERRA-
Land, NLDAS, GLDAS, PERSIANN, TMPA, and the Global Precipitation Climatology Project (GPCP). They
will continue gathering on-site data from meteorological stations, focusing on precipitation,
temperature, and soil moisture. This comprehensive data will be integrated into a database and used to

calibrate their models for effective drought monitoring and climate change impact prediction in the two
river basins.



AFGHANISTAN — PROJECT 5-033: DETERMINATION OF FLOODS MAGNITUDE
PROJECTION, CAUSES, VULNERABLE AREAS AND ITS SOLUTIONS: A CAUSE STUDY OF
KABUL RIVER BASIN

Pl: Assem Mayar, Organization of Skill Development and Social Services

U.S. Partner: Jonathan Nelson, U.S. Geological Survey

Dates: September 2017 - November 2019

PROJECT OVERVIEW

Floods have been one of the most destructive natural disasters on Earth, and the frequency of flood
events has rapidly increased worldwide. Various models for quantifying flood discharge have been
developed, but they require significant data inputs, which are mostly unavailable or inaccurately
represented, especially in developing countries. Thus, this project addressed the challenge of flood
modeling.

This study combined applied and scientific research and was divided into two components. In the
applied component, the research team worked to identify flood magnitude trends, causes, and
vulnerable locations, proposing reasonable solutions for these issues in the Kabul River Basin. The
second component focused on the scientific challenge of hydrologic modeling, involving the
development of a novel and simplified approach for flood flow computation using lumped hydrologic
models. The U.S. partner, Dr. Nelson, cooperated on this effort and integrated it into a model (iRIC)
being developed with support from the U.S. Geological Survey.

The analyses resulting from this project were intended to provide a solid foundation for scientific and
engineering modeling of Afghan river basins. The study generated datasets crucial for water-related
projects and programs in Afghanistan, particularly those related to transboundary water resource
management.

This work supported USAID goals of building capacity in research and integrating it with policy in
Afghanistan. Led by Afghan scientists in an academic environment, this study marked one of the first
efforts in hydrologic and hydraulic engineering. Students from public and private Afghan universities
participated, expanding their scientific and engineering knowledge and modeling skills. Throughout
project implementation, several training courses, workshops, and conferences were conducted for
Afghan university students and government water sector employees, who also had opportunities for
internships on the project. The internship program exposed participants to basic research skills,
methodologies, emerging challenges in the water sector, and techniques for proposal writing and
securing funding. Recommendations were shared with public and private university authorities to aid
in curriculum development.

FINAL SUMMARY OF PROJECT ACTIVITIES
During the project implementation period, the team successfully achieved most of its goals. The

project activities started with data collection, sorting, and organizing in appropriate formats. This
consisted of hydrologic data, satellite images, and raw GIS data from national and international



organizations. Next, data quality control was implemented to filter irrelevant recording data and
statistical analyses were used find flood peak and frequency projection for the study area.

Afterward, the project team worked on data preparation for the Kabul River Basin floodplain
delineation in the GlISinterface. As a first result, it was identified that existing river networks were not
appropriate for flood simulation and only usable for general management purposes. Thus, the team
first delineated the river center lines using high-resolution satellite images. Later, the river profiles
were prepared according to 5-meter topographic information and the team conducted simulations,
calibration, and post-processing of the floodplain in the study area. Planned and additional scenarios
were tested to acquire a corrected version of flood vulnerable areas. The generated floodplain was
calibrated using online high-resolution images and the recorded discharges. The developed high-
resolution results of the river network and floodplain for the study area were then shared with the
public through the Afghanistan Spatial Data Center's (ASDC) online geo-portal.

In order to approach policymakers, the Pl published the results of investigations as columns on the
mainstream media websites. The articles were widely read, republished, and used in the digital
reports. The Pl also participated in TV and radio discussions about the floods and water management
in Afghanistan.

Capacity building activities were also an integral aspect of this project. In total, nine seminars and
three workshops were organized, covering 598 participants. The seminars covered research
methodology and introduced funding opportunities, while the workshops focused on the introduction
and application of new technologies for predicting natural disasters such as for floods (Global Flood
Awareness System and Global Flood Monitoring System), extreme climatic events (Global Forecast
System and European Centre for Medium-Range Weather Forecasts systems), dust (Barcelona Dust
Forecast Center) and drought (Global Drought Observatory). The workshops also covered skills
development for flood simulations using HEC-SSP, GIS, and HEC-RAS software. Additionally, 14 B.Sc.
students were trained for three months’ internship period.

In the future, the team plans to continue their research work and attract additional financial support
from the international community to tackle water-related problems and promote research in
Afghanistan.



AFGHANISTAN - PROJECT 4-257: IMPACTS OF CLIMATE CHANGE ON
TRANSBOUNDARY WATER TREATIES/SHARING: A CASE STUDY OF KABUL RIVER
BASIN, AFGHANISTAN

Pi: Fahima Sadeqinezhad, AZMA the Technical Vocational Private Institute

U.S. Partner: Devendra M. Amatya, USDA Forest Service Center for Forested Wetlands
Research

Dates: December 2015 - September 2020
PROJECT OVERVIEW

One of the biggest challenges to mankind in the twenty-first century is climate change. The escalation
in the frequency and severity of natural disasters and extreme climate phenomena has been widely
discussed worldwide. Responding to climate change requires joint global actions for both mitigation
and adaptation. This project explored the impacts of climate change on transboundary flows to
guantify the required environmental flows for healthy ecosystems, hydropower exports, and irrigated
agriculture for the Kabul River basin. The Indicators of Hydrologic Alteration (IHA) method, considering
Range of Variability Analysis (RVA), was used to estimate environmental flow requirements (EFR).
Since maintaining natural flow variability is crucial for preserving native riverine biota and river
ecosystem integrity, the RVA results were used as a reference for evaluating EFR. Maintaining
environmental flows of a river means reducing the water demand of one or more sectors to allocate
for other ecological requirements, including the biota. Finally, alternative mitigation measures were
suggested to reduce the impacts of allocating environmental flows on irrigation and hydroelectric
demands. A dry year conservation zone was developed to reduce irrigation shortages caused by
environmental flow consideration. Additionally, this study was intended to demonstrate how a
sustainable water-sharing agreement could be achieved by linking transboundary flows to
hydropower exports, irrigated agriculture, and environmental flow demands.

Besides its scientific objectives regarding water resource management, this PEER project was also
designed to help strengthen the relationship between Afghanistan and Pakistan by reducing the
potential for conflict between the two countries on water treaties or resource sharing.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Kabul River Basin (KRB) exhibits an unusual riparian circumstance in that Afghanistan and Pakistan
are both down and upstream of one another, deterring each from arguing for absolute sovereignty
over water on their territory, as this traditional upstream position would then function to their
detriment in the downstream position. This characteristic of the KRB is an opportunity for the riparian
states to negotiate and cooperate. Nonetheless, distrust and capacity weaknesses have created a
complex situation in the basin in terms of mutual utilization.

The findings of this project reveal that the countries will not reach a state of cooperation over the
water resources of the basin unless the distrust and capacity weakness challenges are overcome.
Furthermore, the project-by-project approach to negotiations are deadlocked in the basin and,
therefore, it is required to shift from sucha traditional approach towards enlargement of the basket of
benefits. The emphasis should be on benefit sharing rather than physical water sharing.



Another important finding of this project is that Afghanistan has shown tangible political efforts and
willingness to alleviate the ongoing disputes and improve mutual cooperation. This project has
formulated a step-by-step conflict transformation process framework, which may transform the
existing conflicts to sustainable cooperation. The framework is formulated in a manner to move the
topic of talks from rights to benefits. This framework can be widely used as a decision-making tool for
potentially resolving both technical as well as political issues.

Finally, the role of the international community as facilitators and mediators for the transformation
process is vital. In the absence of donor and international support, there may not be a willingness to
successfully implement the formulated framework of transformation. This was seen throughout the
project as the project team struggled to secure accurate data across borders. It is highly
recommended that the needs on both sides of the basin be identified and analyzed for benefit sharing
and enlarging the basket of benefits.

In addition to the overall frameworks, the project team was able to conduct numerous trainings and
workshops on water management. Starting in 2016, more than 1000 students from private and
government universities from Herat and Kabul were trained in different software related to water
management and climate change. Furthermore, over 100 participants comprised of office staff,
lecturers, and professors from the Hari-Rud Murghab river basin Herat office and the Herat University
Civil Engineering Department were trained. This was completed through over 35 workshops, seminars
and training courses organized by AZMA Vocational Technical Institute for students, government staff
in the Ministry of Energy and Water and university professors.



AFGHANISTAN — PROJECT 4-47: IMPACT OF CLIMATE CHANGE AND VARIABILITY AND
LAND USE CHANGE ON AFGHANISTAN’S WATER RESOURCES: A CASE STUDY OF
KABUL RIVER BASIN AND AMU DARYA RIVER BASINS

Pl: Sediga Hassani, Ibn e Sina University

U.S. Partner: Jeff Dozier, University of California, Santa Barbara

Project Dates: December 2015 - December 2017

PROJECT OVERVIEW

The record of surface measurements of Afghanistan’s climate and hydrology has numerous gaps,
owing to the country’s historical political instability, especially since the 1970s. This research
addresses for the first time Afghanistan’s challenges in transforming to an integrated approach for
managing its water resources.

The study had two main objectives. First, the research team worked on recovering the gap of
observed climate data to create a dataset combining historical climate and hydrologic data from
Afghan stations and information from the Climate Research Unit. Second, to translate the meaning of
these data to the country’s mountainous regions, where surface data had been sparse even during the
best of times, the researchers compared their reconstructions of surface measurements with remotely
sensed data of snow cover and snow water equivalent derived by their U.S. partner covering the
period from 2000 to the present. The resulting analyses provided a base for scientific and engineering
modeling on Afghanistan river basins. As there were limited studies on Afghanistan water resources
conducted by international organizations, the created dataset was used in engineering models to
examine the current and future status of climatic parameters and water availability in Afghanistan.
The study provided datasets for Afghanistan water-related projects and programs, particularly in
transboundary water resource management, and also engineering information regarding the quantity
of Afghanistan water resource for use in decision and policy making.

The team’s objectives were to improve Afghanistan’s ability to analyze, synthesize, and present
information essential for planning and decision making. In this context, assessment of seasonal snow
resources relative to historical trends and extremes was the primary need in the country’s mountains,
with their austere infrastructure, sparse gauging, accessibility challenges, and emerging or enduring
insecurity related to water resources that included both droughts and floods. These issues required
that remotely sensed data provided much of the information necessary to analyze the snow cover and
predict seasonal and paroxysmal runoff. This work supported USAID goals of building capacity in
research and its integration with policy in Afghanistan. This study was one of the first in hydrologic
engineering that was led by Afghan scientists in an academic environment. Students from two Afghan
universities actively participated, and their participation expanded their scientific and engineering
knowledge and engineering modeling skills.

SUMMARY OF RECENT ACTIVITIES

The research project successfully achieved its primary objectives. Firstly, it has filled historical gaps in
meteorological data from 1960 to 2012, including the period of 1978-2003, for monthly temperature
and precipitation records at 18 meteorological stations across the Amu Darya and Kabul River Basins.
Data from the Climatic Research Unit (CRU) of the University of East Anglia has supplemented this
effort and been shared with Afghanistan's Ministry of Energy and Water and Ministry of Agriculture,



Irrigation, and Livestock. Additionally, research units have been established at two universities to
foster research on current social, economic, and environmental issues, equipped with ArcGIS and
Excel software for spatial and statistical analysis.

Furthermore, stream gauge data from 12 stations between 1965 and 1978 has been collected from
the Water Resources Department of the Ministry of Energy and Water. Despite disruptions during
periods of social unrest and war, efforts have been made to improve data collection since 2010,
although the quality of current gauge stations is still being enhanced.

The project has also promoted a culture of knowledge sharing between data providers and
researchers in Afghanistan, supported by a PEER research grant. This initiative addresses challenges
such as data scarcity and limited sharing, aiming to enrich climate and water-related information. It
has resulted in publications addressing environmental challenges and has built research capacity
within universities, fostering collaboration with governmental and private entities to enhance the
resilience of water and agriculture infrastructure to climate variability. Overall, the project emphasizes
teamwork among diverse stakeholders to improve decision-making and management of natural
resources.



BANGLADESH

BANGLADESH - PROJECT 9-441: ENGAGING THE PRIVATE SECTOR IN INCREASING
VOLUNTARY USE OF LONG-ACTING REVERSIBLE CONTRACEPTIVES AND PERMANENT
FAMILY PLANNING METHODS IN RURAL AREAS OF BANGLADESH

Pl: MD. Jasim Uddin, International Centre for Diarrhoeal Disease Research, Bangladesh
U.S. Partner: Sian Curtis, University of North Carolina at Chapel Hill (Funded by the
United States Agency for International Development)

Dates: June 2021 - May 2024

PROJECT OVERVIEW

This PEER project aimed to reduce an unmet need for family planning (FP) services and increase the
use of effective contraception among postpartum women in rural Bangladesh through engaging the
private clinics at the upazila (sub-district) level. The researchers tested various interventions related to
pregnant women and evaluated their effectiveness after 36 months. The private clinics received
various types of FP supplies from the local upazila Family Planning Office of the Ministry of Health and
Family Welfare (MoHFW) as per a recently introduced policy, and a team consisting of doctors from
local public and private facilities and Upazila and District level managers of MoHFW, representatives
from the Directorate General of Family Planning (DGFP), and study investigators were involved
monitoring the study activities at the private clinics. The researchers sought to develop a mechanism
to engage private sector providers to accelerate access to postpartum family planning services which
can be scaled up in other areas of Bangladesh.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project team enrolled 2,360 women from four private clinics in Baraigram and Gurudaspur
upazilas of Natore district. Private clinic staff were involved in training on technical and ethical issues
involved. The intervention included counseling pregnant women at the clinic on antenatal care (ANC),
safe delivery, and postpartum family planning (PP-FP), as well as developing and sending SMS
messages to enrolled pregnant women to promote ANC, institutional delivery, and PP-FP after
delivery.

The women enrolled received multiple follow-up surveys after delivery. The researchers also collected
qualitative data during the reporting period to gather insights into the challenges associated with
implementing the interventions, with the goal of refining the strategies used. The team also
conducted ten key informant Interviews with service providers of private clinics and MOHFW officials
and five in-depth interviews with project counselors and record keepers. Throughout the project, the
PEER team organized a monthly review meeting with officials from MOHFW and private clinic
providers and met with a variety of stakeholders. To ensure data quality, the team contacted a
randomly selected group of 883 out of 2360 recently delivered women (RDW) by phone in
intervention and comparison areas, successfully completing 391 interviews to check for any
inconsistencies.



The PEER team’s findings included increased use of long-acting reversible contraception (LARC) and
permanent methods (PM) among postpartum women in rural Bangladesh. Dedicated counseling
during ANC had a significant contribution in increasing LARC/PM use after delivery. The findings
showed that a significantly higher proportion of women in the intervention area had at least two or
three ANC visits, and 17% of women had 4+ ANC visits which is more than 3 times higher than in the
comparison area (5%). Facility delivery was significantly higher in the intervention area, and c-section
delivery was significantly lower.

The findings also showed a significantly higher proportion of women in the intervention area used PP-
FP compared to those of the comparison area within the three days of facility delivery. Overall
contraceptive use among the recent delivered women (RDW) within the 5 months of delivery was
significantly higher in the intervention area, and the proportion of women accepting LARC or PM
within 5 months of delivery was also significantly higher. All the women who accepted LARC/PM
reported that counseling was the key factor in their motivation. Use of behavior change
communication materials and SMS communications were mentioned by 68.9% and 56.1% RDWs
respectively as motivating factors.

The PEER team has made several recommendations to private clinics and health workers as a result of
this project, and the Pl received a new grant of $321,541 from the Vaccine Alliance for a different
project.



BANGLADESH - PROJECT 9-17: RENEWABLE HYDROGEN GENERATION WITH CARBON
RECYCLING (REHYCARE) FROM BIOGENIC RESIDUES OF BANGLADESH

PI: Kawnish Kirtania, Bangladesh University of Engineering and Technology

U.S. Partner: Mohammad Toufiq Reza, Florida Institute of Technology (Funded by the
National Science Foundation)

Dates: April 2021 - March 2024

PROJECT OVERVIEW

Bangladesh is expected to see a surge in energy demand in the upcoming years. While the country’s
fossil fuel reserve has already been depleted, Bangladesh produces an enormous amount of biogenic
residue that could be harnessed for hydrogen (H2) production. In order to distribute clean energy at a
lower cost throughout the country, researchers believe low-risk, ready-to-deploy modular H2
generation systems hold the key to success for Bangladesh.

This PEER project proposes studying a novel process using biogenic residues for renewable H2
generation on the modular scale. This concept has been developed by three leading universities of
Bangladesh (Bangladesh University of Engineering and Technology, Bangladesh Agricultural University,
and Dhaka University) collaborating with partners at the Florida Institute of Technology. By converting
an environmental liability (biogenic residues) into clean energy (H2), this project could aid in attaining
energy security for Bangladesh. The project sought to undertake unique research and development
activities focused on Bangladesh and its H2 generation potential. The ReHyCaRe concept uses
anaerobic digestion on biogenic residues available to produce biogas, which will be cleaned and further
upgraded to H2 with a low-cost catalyst. The project aimed to identify specific biogenic residues and
their biochemical methane potentials and perform co-digestion of mixed biogenic residues to explore
synergistic effects on biogas production.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers undertook a life cycle assessment study on the ReHyCaRe concept (biogenic residues
for green hydrogen production), which suggested a climate change reduction of 69% compared to the
current practices of landfilling of biogenic wastes. The acidification potential could also be reduced by
98% and eutrophication could be reduced by 60%. A life cycle assessment for anaerobic mono-
digestion and co-digestion showed that co-digestion can reduce the climate change impact by 61%
compared to mono-digestion for cow manure with food waste. For poultry manure (with food waste),
co-digestion resulted in 50.4% climate change impact reduction. This part of the study also revealed
that proper management of digestate plays an important role on climate change impact during biogas
production can be performed by hydrothermal carbonization (HTC) to produce solid biofertilizer, based
on data provided by the U.S. partner.

The PEER team also conducted a scoping study on mono-digestion all available biogenic wastes in
Bangladeshin an effort to select the feedstocks for existing plants for co-digestion that would maximize
the conversion to biogas. The team studied co-digestion of poultry droppings with corn cobs, rice
straw, rice husks, and municipal solid waste, along with studies on anaerobic co-digestion of cow dung
with some of these wastes to find the optimum mixing ratios for the highest methane yield. They also



tested biogas cleaning in the lab with promising results. An optimum ratio of waste iron and activated
carbon (75:25) as absorbent managed to reduce the hydrogen sulfide concentrationin biogas to 3 ppm.
Use of activated carbon showed efficiency in CO2 removal from biogas as well.

They also demonstrated hydrogen generation using the catalytic dry reforming reactor (CADRE) in the
lab and a techno-economic analysis on the hydrogen generation from biogenic waste showed a
potential selling price of $S8/kg with a payback period of 7 years.

This project led to an increase in capacity through procurement of a biogas reactor (BAU-CSTR) and
CADRE for each institution in the PEER team and established a strong multi-university collaboration.
The project trained about 25 energy professionals from three Bangladeshi universities, of whom 76%
are female. PEER team members also organized eight energy seminars to disseminate knowledge to
experts in the field. The team received two additional grants worth more than $35,000 for related and
other work and presented widely on their findings, including at the International Conclave on
Materials, Energy, and Climate and International Conference on Mechanical, Industrial, and Materials
Engineering.

PUBLICATIONS
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Alam. 2024. Technical prospects and challenges of anaerobic co-digestion in Bangladesh: a review.
Renewable and Sustainable Energy Reviews 197: 114412. https://doi.org/10.1016/j.rser.2024.114412
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BANGLADESH - PROJECT 8-170: INTEGRATED RICE ADVISORY SYSTEM (IRAS) FOR
SUSTAINABLE PRODUCTIVITY IN BANGLADESH

Pl: Niaz Rahman, Bangladesh Rice Research Institute, in Partnership with Bangladesh
Agricultural University

U.S. Partner: Faisal Hossain, University of Washington (Funded by the National
Aeronautics and Space Administration)

Dates: November 2019 - January 2022

PROJECT OVERVIEW

One of the major components of increasing rice yield is efficient crop management, but in Bangladesh,
weather variability is a crucial hindrance to ensuring better management. This PEER project is built
upon ongoing research on forecast-based rice crop management at the Agromet and Crop Modeling
Lab of Bangladesh Rice Research Institute. With mentorship from his U.S. partner Dr. Faisal Hossain
and his group at the University of Washington, Dr. Rahman and his team sought to develop an
integrated framework for agro-meteorological advisory services for rice crops in Bangladesh. To this
end, the Pl and his colleagues developed a Web-based platform, “Integrated Rice Advisory System
(IRAS),” to provide extension workers and rice farmers with agro-meteorological advisories for
effective decision-making.

With almost 16.5 million farmers in Bangladesh, the team's target is to provide weather-based
advisory to all interested farmers once a week on a regional basis. The researchers mapped the
sensitivity of rice crops in specific areas to certain weather conditions to understand how the weather
in general will influence the growth of rice. The team then used the open-source Weather Research
and Forecast (WRF) model for generating location-specific weather forecasts and automated it within
the IRAS.

The project also helped validate BRRI’s previous research on forecast-based rice crop management
with the participation of volunteer farmers from four districts. Farmers and extension workers in the
target locations were trained to utilize the advisories generated through IRAS and apply them during
the rice season at pilot fields. The U.S. partner provided valuable R&D support and technical guidance
on systems integration for IRAS.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team developed IRAS as a web-based platform that generates location-specific weather
forecasts, capable of consolidating advisories with input from researchers for different locations and
considers growth stages of rice varieties. The platform has been developed only for rice crops and
combines expertise from Bangladesh Meteorological Department, the Bangladesh Rice Research
Institute, and the Department of Agricultural Extension. The platform automatically runs the Weather
and Research Forecasting (WRF) model every day, generates location-specific weather forecasts, and
visualizes its graphical and tabular results, generating advisories that are emailed to extension officials
and farmers.

’



The researchers also conducted field experiments in several locations during the 2019-2020 and 2020-
2021 Boro rice season using popular and high-yielding rice varieties. Farmers’ land was used for both
forecast-based management and traditional management. The team shared its location-specific
advisories, and the farmers implemented those advisories for day-to-day farm decision-making under
the supervision of the BRRI regional stations and extension workers. The researchers collected a wide
variety of data on the crops grown, including grain yield, weight, maturity date, and plant height, as
well as climate data like temperature, rainfall, etc.

The team members made frequent field visits during the experiment and conducted five training
workshops for farmers. The project involved strong collaboration with government agencies like the
Bangladesh Meteorological Department (BMD), the Flash Flood Warning Center (FFWC), the
Department of Agricultural Extension (DAE), and the international NGO Regional Integrated Multi
Hazard and Early Warning System (RIMES).

The team’s study showed positive and significant improvements on yield and grain weight for
forecast-based management crops. Different rice varieties had different yield improvements, but
generally a 7-10% increase was observed. The team theorized that this might be attributed to the
function of the application of fertilizer to the field and optimal irrigation use based on the forecast
model. Their research also found that implementing weather forecasting-based management could
lower production costs by 15% and increase total income by more than 30%.
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BANGLADESH - PROJECT 6-10: ECOSYSTEM SERVICES IN A CHANGING CLIMATE;
ASSESSING CRITICAL SERVICES IN BANGLADESH RICE PRODUCTION LANDSCAPES
Pl: Md Panna Ali, Bangladesh Rice Research Institute (BRRI)

U.S. Partner: Douglas A Landis, Michigan State University (Funded by the National
Science Foundation)

Dates: December 2017 - October 2021

PROJECT OVERVIEW

Rice contributes more than 80% of the total food supply in Bangladesh, including 76% of daily caloric
intake and 66% of total protein requirements. The coastal region, covering 20% of the country and
over 30% of cultivable land, contributes 16% of total rice production and is the most vulnerable to
climate change. Due to increasingly variable rainfall reducing freshwater flows, about 53% of coastal
areas face salinity intrusions that restrict crop production, resulting in rice productivity being 70%
lower than the national average.

In this project, the team quantified the potential impacts of changing conditions on ecosystem
services by determining the impact of climate variability on carbon sequestration, pest suppression,
water supply, and rice production. They used spatially explicit models to project future patterns of
terrestrial ecosystems and their services. This collaborative research effort focused on developing
models to estimate the impacts of changing conditions on ecosystem services in Bangladesh. The
study analyzed environmental impacts on crop production systems and suggested coping strategies
and adaptation options to improve coastal agriculture, enhance agricultural production, and improve
livelihoods for the vulnerable farming community.

FINAL SUMMARY OF PROJECT ACTIVITIES

During the project, the PEER team investigated the effect of climate change on rice yield in
Bangladesh. To create an adaptation plan, they explored nearly 50 years of rice yield data, examining
yield changes and drivers of anomalies. At the national and regional levels, the Pl reported clear yield
increases over time for Aus, Aman, and Boro rice in all regions, attributed to improved genetics (e.g.,
disease resistance) and new agronomic practices (e.g., better access to fertilizer).

The team also worked on predicting carbon stock in soil at coastal areas of Bangladesh using
multilayer perceptron (MLP). The findings indicated that bulk density, soil organic carbon, and carbon
stock in soil are associated with salinity. The model showed strong predictive power, revealing that
higher salinity levels significantly decreased soil carbon stock in rice production landscapes.

The PEER team studied the climate change adaptation perceptions of smallholder rice farmers in
vulnerable areas. Over 80% of farmers identified salinity and freshwater scarcity as main issues, with
95% noting the rice plant's reproductive stages as most sensitive to salinity. Most farmers adapted by
early transplanting and applying irrigation during later stages of crop growth. The project's
experimental plots showed similar results, suggesting that addressing salinity and involving farmers'
perceptions in policy formulation can secure rice production and contribute to Sustainable
Development Goals.



The project also investigated the effect of landscape composition and configuration on natural
enemies, herbivore suppression, and rice yield at multiple spatial scales in two rice-producing regions.
Landscape heterogeneity effects on pest abundance were observed at all scales and were most
pronounced at the 1000 m scale for all natural enemies combined and at smaller scales for ladybird
beetles (500 m) and spiders (200 m). Ladybird beetles were positively influenced by rainfall, roads, and
fallow land, while spiders were influenced by rice phenology. Natural enemies also responded to rice
landscape configuration, declining with increasing patch cohesion and aggregation but increasing with
edge density. These findings suggest that finer-grained rice landscapes are better suited to pest
suppression.

At the conclusion of the project, the PEER team reported that landscape diversity is crucial for
maintaining ecosystem services in agricultural production. This study indicates that landscape diversity
shapes species diversity in rice fields, providing guidelines for conservation of arthropod diversity to
maximize ecosystem services in crop production.

For assessing climate change adaptation, sixty farmers' fields were selected for field trials in Satkhira
and Khulna districts. Rice seedlings were transplanted in 60 plots at three different dates. The project
identified early transplanting of rice in saline soil before January as the best option to avoid salinity at
the crop's vulnerable stage, enhancing yield in coastal areas. Sixty rice growers were trained in
climate-susceptible areas and the impact of climate change on ecosystem services. These trainings in
Cox's Bazar improved farmers' knowledge on climate change and sustainable rice production in saline
areas. The project team demonstrated the performance of BRRI-released rice varieties over local
varieties in 60 farmers’ fields, proving that high-yielding varieties can increase food production,
improve food security, farm income, and livelihood resilience.
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BANGLADESH - PROJECT 6-009: UNMANNED AERIAL SYSTEMS-BASED ASSESSMENT OF
TREE COVER AND DEFORESTATION DYNAMICS IN BANGLADESH

Pl: A.B.M, Kamal Pasha, Daffodil International University

U.S. Partner: Demetrios Gatziolis, the United States Forest Service

Dates: December 2017 - June 2022

PROJECT OVERVIEW

The main advantages of photogrammetry based on unmanned aerial vehicles (UAVs, or drones)
compared to traditional aircraft imaging campaigns are low cost and flexibility. They can also be
deployed at easily customizable above-canopy altitude, camera orientation, trajectory, and speed.
They are thus ideal for imaging small areas of forests, such as over individual tree stands, management
units, or inventory plots. Most developing countries do not yet have the capacity or knowledge base
to support modern forest inventories and typically depend on satellite imagery and applications
developed elsewhere to meet their needs, including the obligation to report on the status of their
forests if they participate in international initiatives for reducing emissions from deforestation and
forest degradation (REDD). The advent of novel, inexpensive technologies, including UAVs, and the
development of affordable software capable of performing complex photogrammetric tasks hold
promising potential into assisting the assessment of forest resources in developing countries and
facilitating their verifiable participation in efforts to mitigate the effects of deforestation and forest
degradation.

In this project, the PI Dr. Pasha and his team devised and optimized a fully automated UAV-based
image acquisition protocol compatible with generating comprehensive, high-density, precisely geo-
referenced point clouds representing forest canopies for areas in selected locations in the Sal and
Sundarbans forests. The researchers generated canopy surface and canopy height rasters for each
selected inventory plot and its surroundings, as well as estimates of canopy cover for each subplot,
and compared them to those obtained by inventory personnel during field visits.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team played a key role in getting the drone use law in Bangladesh passed, thus facilitating
the advancement of drone technology in environmental monitoring. In order to have the permit to
access the hard to reach areas for implementation of the project using drones, and in efforts of
capacity building, the team worked closely with the Bangladesh Forest Department (BFT) staff to make
it happen. With the help of the U.S. partner, the team trained the Bangladesh Forest Department
(BFD) staff how to use drones and their software, and provided comprehensive free training to the
BFD personnel.

The team undertook extensive field trips to various forest plots, including Tambulbunia, Horintana,
Shapla, Kokilmoni, Dubla, Harbaria, Jhapshi, Nondobala, Moraposhur, and Hiron Point, gathering the
largest and most precise sets of drone data over the Sundarbans. They observed unexpected findings
in tree composition and variation, and processed the raw data in partnership with BFD. They shared
data analysis methods with BFD staff and helped develop and train a drone patrol team for the
Sundarbans, including a newly commissioned drone for patrolling the forest. Dr. Pasha and colleagues
relied on BFD's commitment to provide access to the Department’s central remote sensing lab for
data processing and analysis.



The team involved young students and researchers in actual research efforts, setting a trend for
research action and methodology in Bangladesh. They developed new course curriculums, which
significantly improved the learning outcomes of students at Daffodil International University (DIU).
The project also contributed to student training through research trips and hands-on training in field
data collection protocols. Curriculum modules for forestry, GIS, and remote-sensing courses were
updated at their university. Two research team members joined the USAID Research Technical
Assistance Center (RTAC) initiative and subsequently gained acceptances to PhD programs in U.S.
universities.

A major achievement was leading the effort to create the largest dataset of drone data on the
Sundarbans. This dataset has been pivotal in bridging the gap between policymakers and the research
community in Bangladesh.

To get the drone law passed regulating the use of the drones, the team interacted with several
government agencies including the Bangladesh Forest Department, the Education Ministry (GoB), the
University Grants Commission (GoB), the Directorate General of Forces Intelligence, National Security
Intelligence, Special Branch (Bangladesh Police), the Air Force Intelligence Unit, the Defense Ministry
of Bangladesh, and the Civil Aviation Authority of Bangladesh.

In the implementation of the project goal, the team collaborated with various organizations and
institutions, including the Bangladesh Forest Department, FAO, SilvaCarbon, CIMMYT, the Education
Ministry (GoB), the University Grants Commission (GoB), the Directorate General of Forces
Intelligence, National Security Intelligence, Special Branch (Bangladesh Police), the Air Force
Intelligence Unit, the Defense Ministry of Bangladesh, and the Civil Aviation Authority of Bangladesh.
The fruits of their efforts are now being enjoyed by thousands of researchers and administrators who
are using drones in research, infrastructural development projects, and even in the entertainment
industry. The team is proud and happy to see their work and collaborations being utilized by many.

The project contributed to the broader context of climate change adaptation by enhancing
conservation practices for the Sundarbans, the world's largest mangrove forest. This initiative has
played a crucial role in improving the conservation efforts in the region.

Team feedback: “The setup we have made is hard-earned. We now are able to operate in both the
national and international spheres and have a proven ability to work in one of the most remote and
challenging places on earth. We have great expectations for the future of this team. In the future, DIU,
USFS, and BFD will continue producing quality research and addressing the reduction of risks induced
by climate change.



BANGLADESH - PROJECT 6-5: CLIMATE CHANGE ADAPTATION OF RURAL HOUSEHOLDS
IN CHARLANDS OF BANGLADESH

Pl: Humnath Bhandari, International Rice Research Institute (lrri)

U.S. Partner: Charles (Chuck) W. Rice, Kansas State University (Funded by the United
States Department of Agriculture/ National Institute of Food and Agriculture)

Dates: March 2018 - April 2022

PROJECT OVERVIEW

The charlands in Bangladesh are riverine land masses formed over time through the deposition of sand,
silt, and clay carried by the country’s four major rivers (Padma, Meghna, Jamuna, and Brahmaputra)
and their more than 500 tributaries. More than 8 million people live in the charlands, facing high rates
of poverty and food insecurity. Agriculture in these areas is characterized by rainfed cultivation, low
nutrient levels in the soil, traditional crop varieties, conventional management practices, poor access to
agricultural technologies and services, and low cropping system diversification. The charlands are
highly susceptible to climatic stresses, including floods, drought, salinity, river and coastal erosion, and
tropical cyclones, leading to annual losses for local farmers. Climate change will exacerbate these
problems, making charland livelihoods increasingly precarious. The adoption of climate-smart
agriculture could significantly reduce negative effects and build resilience, but not every option is
suitable for every location.

This PEER project aimed to understand charland characteristics and residents' livelihoods, assess
households’ vulnerability and adaptation to changing conditions, and promote climate-smart
agricultural technologies. Dr. Bhandari and his colleagues focused on two study sites: Ganai Char in
Kaunia Upazila, Rangpur District, representing the northernregion, and Shaula Char in Bauphal Upazila,
Patuakhali District, representing the coastal region.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER project team began with ten focus group discussions to collect information such as
biophysical and socioeconomic profiles, climate and environmental factors, and livelihoods in the two
study areas. They followed this up with a survey of 306 households in the Rangpur and Patuakhali
districts and used the survey data for their economic analysis of the major cropping systems in the
charlands. Survey results found households facing food insecurity during two periods of the year. Large
gender differences in farm and non-farming decision making were also noted, and the survey
confirmed farmers' perceptions of increasing temperatures and changing rainfall patterns. Farmers
reported high vulnerability of agriculture to climatic risks, with up to 100% crop losses in some years for
pulses and groundnuts. The survey found a range of adaptations, including changing planting and
harvest times, changing input use, switching to alternate crops, using short duration varieties,
increasing homestead farming, and keeping land fallow.

The researchers also conducted several field experiments in different cropping seasons in the two
study sites. They tested, evaluated, and scaled up 34 new or improved crops, varieties, and/or cropping
systems in an 87-hectare area involving 512 farm households. They also organized farmers’ field days
and demonstrations around these strategies to promote awareness.



The results of researchers’ economic analysis of different cropping systems show that Aman-Onion-
Groundnut and Aman-Early Potato-Onion are the most economically viable cropping systems for the
northern charlands, while Aman-Mungbean-Fallow and Aman-Groundnut-Fallow are the most
economically viable for the southern charlands. Based on their field experiments, the researchers
recommended improved rice varieties and suitable non-rice crops like sweet and bitter gourd, among
others, as well as adding solar irrigation, temporary ponds, and dibbling cultivation methods to help
farmers’ resilience to climate change.

As a result, more than 500 farmers in six villages are now using improved varieties of rice, groundnut,
potato, mustard, mungbean, and others. The use of improved varieties and management practices
increased yield and profitability of crops up to 150%. In the northern charlands (Rangpur District), the
cultivation of improved groundnut varieties gave a 60% higher average yield and increased
employment and income for farmers, especially for women in postharvest activities. Likewise, the
cultivation of flood-tolerant rice varieties significantly reduced rice production losses from flooding.
The PEER researchers also tested an improved rice-based cropping system (Aman Rce-Potato-
Groundnut), which led to a 55% higher crop equivalent yield and 70% higher gross margin as compared
to farmers' previous practices.

In the southern charlands (Patuakhali District), the cultivation of suitable cash crops such as mungbean,
sunflower, watermelon, potato, and others produced up to a 150% higher gross margin per hectare as
compared to farmers’ previous practices. The introduction of improved rice varieties allowed farmers
to cultivate rice in the fallow areas and reduced production losses during flooding seasons.

Due to the demonstrated shorter cultivation duration, higher yield, and better adaptation to local agro-
climatic conditions, the Department of Agricultural Extension and NGOs are scaling up these new crops
and varieties in the charlands. The PEER project team trained more than 160 farmers (120 men and 40
women) and 20 agricultural extension workers on the new improved agricultural technologies and
practices. As part of this project, six Master’s students were also supported in conducting their thesis
research, and three members of the project participated in the International Rice Congress 2018 held in
Singapore. The team organized a results sharing workshop attended by many researchers, extension
workers, policymakers, planners, and others.

The Pl and team also won four additional grants for related work from the CGIAR COVID-19 Hub, Asian
Development Bank and J-PAL/MIT, for a total of $350,000. Their first two publications appeared in
2023, with others reported to be in process at the time of their final report.
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BANGLADESH - PROJECT 5-424: COMMUNITY INTERVENTION TO PROMOTE
CHLORHEXIDINE FOR REDUCING UMBILICAL CORD INFECTIONS IN JAMALPUR
DISTRICT, BANGLADESH

Pl: Lutfe Ara, International Centre For Diarrhoeal Disease Research, Bangladesh

(lcddr,B)
U.S. Partner: Eben Kenah, University of Florida (Funded by the National Institutes of

Health)
Dates: March 2017 - October 2019

PROJECT OVERVIEW

Neonatal mortality is one of the major challenges facing most of the low- and middle-income countries
like Bangladesh, where neonatal sepsis is the third leading cause of these deaths. The effectiveness of
applying 7.1% chlorhexidine digluconate (delivering 4% chlorhexidine) on the umbilical cord stump to
prevent umbilical cord sepsis and neonatal death has been proven through community-based clinical
trials in Bangladesh, Nepal, and Pakistan. In Bangladesh, however, chlorhexidine is not widely used in
the rural areas, and no community intervention has been implemented to train and motivate pregnant
mothers, their family members, community members, and traditional birth attendants (TBAs) to use
chlorhexidine for neonatal umbilical cord care.

The PEER project team conducted an 18-month study in Jamalpur, Bangladesh, to assess the
effectiveness of a community intervention. This project built awareness among pregnant mothers, their
family members, other community members, TBAs, and pharmacy personnel on umbilical cord infections
and the effectiveness of using chlorhexidine to prevent sepsis. These interventions will eventually help in
achieving development goals for child health by reducing under-five mortality.

FINAL SUMMARY OF PROJECT ACTIVITIES

Dr. Lutfe Ara and her group conducted a baseline study of chlorhexidine use; rate of umbilical cord sepsis;
and knowledge, attitudes, and practices of the respondents in both an intervention group and a control
group. The PEER team then implemented a Social and Behavioral Change Communication

(SBCC) intervention in the intervention group. Field research assistants undertook more than 22,000 door-
to-door meetings with mothers, grandmothers, family members, and community members to raise
awareness on umbilical cord care and cord infection, discussing the advantages and the proper use of
7.1% chlorhexidine for umbilical cord care among pregnant women. The research team also organized
three town hall meetings and 30 community meetings to further knowledge sharing, inviting community
leaders, school administrators, and journalists.

Following the SBCC intervention, the intervention group exhibited a significant increase in chlorhexidine
use—1.1% to 57.8%—and recorded a reduction—8.02% to 1.6%—in the rate of umbilical cord infection.
The PEER team visited pharmacists to share information about chlorhexidine and to ensure a regular
supply of the drug in the area. About 150 TBAs as well as family members of pregnant mothers were
trained on the advantages and the proper use of chlorhexidine through the intervention. The Pl and her
colleagues shared results with the director of primary health care under the Directorate General of
Health Services of Bangladesh, who expressed interest in incorporating SBCC into the Bangladesh
National Guideline to promote the use of chlorhexidine throughout Bangladesh.
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BANGLADESH - PROJECT 4-85: SCALING UP OF SATELLITE-ASSISTED FLOOD
FORECASTING SYSTEMS IN SOUTH AND SOUTHEAST ASIAN NATIONS

Pl: Md. Sohel Masud, Institute of Water Modeling, With Co-Pi Md. Sazzad Hossain,
Flood Forecasting and Warning Center

U.S. Partner: Faisal Hossain, University of Washington (Funded by the National
Aeronautics and Space Agency)

Dates: January 2016 - June 2018

PROJECT OVERVIEW

South and southeast Asian countries are frequently hit by floods, causing loss of lives and property
damage. Almost every year in the recent past, a flood has struck in regional countries such as
Bangladesh, India, Nepal, or Pakistan. Flood management practices currently available in most of
these countries are structural or non-structural. Structural solutions like embankments and other
related structures require huge amounts of resources and time. Other non-structural means of flood
management include early warning and proactive preparation. In Bangladesh, flood forecasting and
warning services (FFWS) have been practiced and have proven effective. FFWS have provided effective
flood warnings, disseminated by e-mail, text messages, fax, and a dedicated website operated by the
Flood Forecasting and Warning Center (FFWC) under the Bangladesh Water Development Board
(BWDB). When the Center began in 1972, it could only provide flood warnings a few hours in advance,
but by 2014, thanks to NASA satellite data from JASON-2, warnings could be issued up to 8 days in
advance. Without data from JASON-2, these warnings could be issued only 3-5 days in advance of an
impending flood.

Because flooding is a shared problem for countries in the same basin or climate, a shared vision to
manage floods together by sharing experience and training was essential for a better and more flood-
safe world. In this project, stakeholder agencies with flood management responsibilities in their
countries learned about FFWC operations for flood warning generation and dissemination. The U.S.
Government-supported partner led a special training and outreach session on the value of multi-
satellite platforms to improve river modeling, hydrologic modeling, and flood forecasting in situations
where ground data were limited or missing entirely. Through this training, the agencies learned about
ways to build a tailored system for beneficiaries in their own countries. They were able to decide
collaboratively how satellite data could be implemented for their water resource management.

FINAL SUMMARY OF PROJECT ACTIVITIES

The FFWC, under the BWDB of the Ministry of Water Resources of the Government of Bangladesh, in
coordination with the Institute of Water Modelling (IWM), a trustee under the Ministry, successfully
organizedregional training workshops in two consecutive years as part of this now-completed project.
The workshops were held July 24-28, 2016, and July 9-13, 2017. U.S. partner Dr. Faisal Hossain of the
University of Washington transferred crucial knowledge and know-how regarding the satellite-assisted
flood forecasting system to the Bangladeshi PEER team, who subsequently shared it with other flood
management agencies of the South Asian region that sent participants to the workshops. Participating
agencies included the Department of Hydrology and Meteorology (Hydro-Met) of Vietnam, the
Department of Hydrology and Meteorology (Hydro-Met) of Nepal, the Institute of Environmental



Science and Engineering (IESE) of Vietnam; the Royal Irrigation Department of Thailand, the
Department of Meteorology and Hydrology of Myanmar, the Lao National Mekong Committee
Secretariat of Laos, the Asian Disaster Preparedness Center of Thailand, and several local Bangladeshi
agencies such as the Bangladesh Meteorological Department, Department of Disaster Management,
the Institute of Water and Flood Management, and the Local Government Engineering Department.
To facilitate effective training for the participants, PEER funds supported some infrastructural
improvements at the FFWC facilities. Human capacity development was also supported through
tailored training in the United States on state-of-the-art satellite technologies for flood forecasting.
One staff member from IWM visited Dr. Hossain and his team at the University of Washington for two
weeks in April 2017, and three professionals from BWDB visited UW for two weeks in November 2017.
To close out the project, the Pl and his colleagues implemented a follow-up training program at BWDB
from May 29, through June 28, 2018. This training activity allowed the staff trained at UW to share
their new skills and knowledge on satellite-based flood forecasting with a larger group of BWDB
professionals.

The training and technology transfer activities supported under this project have also facilitated an
important new forecasting and data sharing platform. The Flood Forecasting and Warning Center
(FFWC) of BWDB is now providing an 8-day lead-time flood forecast based on satellite technology at
selected locations in Bangladesh. The site can be accessed at
www.ffwc.gov.bd/index.php/hydrograph/gfs-based-forecast. The new flashflood system for the
northeast regionis online now at depts.washington.edu/saswe/flashflood and is being tested by FFWC
and the Bangladesh Water Development Board. Researchers and technical staff of the relevant
stakeholder agencies will continue their efforts to make further improvements in the sites and the
overall flood forecasting capacity of Bangladesh. The Pl also reports that he hopes to build on the new
linkages created with other national agencies in the region to explore further opportunities for joint
collaborative research on flood management within the Ganges-Brahmaputra-Meghna and Mekong
Basin countries.
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BANGLADESH - PROJECT 3-1: IMPROVING ADAPTATION AGAINST COASTAL
VULNERABILITY AND ENHANCING FLOOD FORECASTING SKILL IN BANGLADESH
THROUGH A SATELLITE DATA INTEGRATIVE MODELING FRAMEWORK IN A CHANGING
CLIMATE

Pl: Zahirul Khan, Institute of Water Modeling

U.S. Partner: Faisal Hossain, University of Washington (Funded by the National Science
Foundation)

Dates: October 2014 - November 2017

PROJECT OVERVIEW

The two most sensitive geophysical processes that exacerbate coastal vulnerability in Bangladesh are
sea level rise and land motion (uplift/subsidence). Incomplete knowledge of current and projected
patterns of these factors is a key hurdle to converting scientific understanding into actionable
knowledge. Improved understanding of these patterns is critical for enhancing long-term adaptation
policies against coastal vulnerability in Bangladesh. Additionally, understanding the intra-seasonal
dynamics of sea level in the estuarine regions is vital for better forecasting the recession phase of
upstream flood waves draining into the Bay of Bengal. To address these gaps, this project implemented
a satellite data-based integrative modeling framework in collaboration with the NSF Belmont-G8
project awarded to the University of Washington (UW). The project built on a long-standing capacity-
building agenda for Bangladesh established by UW and the Institute of Water Modeling (IWM) since
2006. Under the leadership of Pl Zahirul Haque Khan of IWM'’s Division of Coast, Ports and Estuary
(CPE), the project studied sea level rise and land motion in coastal Bangladesh at select sites by
combining satellite geodetic data with in-situ GPS/tidal measurements. The integration of satellite data
(gravimetry, altimetry, and interferometry) was the first of its kind in Bangladesh, revealing accurate
snapshots of current rates of sea level rise and land uplift/subsidence in coastal regions. Improved
monitoring of downstream boundary conditions on water levels with water level sensors in the
Meghna estuary enhanced flood forecasting skill from 8-day to 12-14-day lead times.

The involvement of IWM-Bangladesh as the lead institute in this NSF-USAID PEER initiative was crucial
due to the existential threat of sea level rise to Bangladesh. The NSF-Belmont Forum 13-nation
consortium, of which UW was a collaborating U.S. institute, did not include Bangladesh as a
participating nation. The participation of IWM in the NSF BAND-AID project had previously been in-kind
only, despite the critical role of IWM in addressing this existential issue for Bangladesh. Through human
resource training of key IWM-CPE staff by Belmont G-8 institutions, IWM was intended to become an
independent user and trainer of emerging satellite technology for cost-effective monitoring of sea level
rise and land motion for the Government of Bangladesh. Improved intra-seasonal monitoring of water
levels in the Meghna river estuary extended flood forecasting warnings to 12-14 days, enhancing
proactive flood disaster management and agricultural planning. This project aimed to position IWM and
Bangladesh as a regional training hub for satellite technology in hazards assessment and mitigation,
significantly reducing future training costs for USAID.



FINAL SUMMARY OF PROJECT ACTIVITIES

In the final year of this project, which was completed as of November 30, 2017, Dr. Khan and his
colleagues worked to build on the results of the cyclone-induced storm surge hazard assessment and
exposure analysis they had completed earlier in the project for nineteen severe cyclones. In particular,
they completed a dedicated storm surge model for the 1991 cyclone that hit the Chittagong coast with
a maximum wind speed of 225 kph during high tide. The simulation results highlighted the maximum
surge height along the Chittagong coast and nearby islands and predicted the levels of increased surge
heights that could be expected in 2050, given anticipated climate change effects. Sandwip Island could
be especially hard hit by inundation. The team also applied an innovation in their mathematical model
in order to assess the effectiveness of mangroves as a coastal barrier during cyclones. The model
allowed them to test out the potential effects of planting mangroves in bands of various widths (50 to
1000m) along the shores of Sandwip Island and seeing how such plantings could affect the surge height
at various points on the island. The results have shown differing impacts based on the width of the
mangrove bands, bathymetry, and other geographic conditions. The team has concluded that reducing
surge height even by a few centimeters in key spots could save thousands of lives, as well as property.
Therefore, mangrove afforestation can play a vital role in coastal areas of Bangladesh as a barrier
against cyclone-induced storm surge. Although the project has ended, the Pl and his team will continue
to work on publishing their results, upgrading their models, and further applying them in efforts to
predict and mitigate future storm surges. The researchers are well positioned to make an impact,
thanks to their close collaboration with crucial government agencies, including the Bangladesh Water
Development Board, the Bangladesh Meteorological Department, and Water Resources Planning
Organization, and the Survey of Bangladesh.



BANGLADESH - PROJECT 2-524: FIELD ASSESSMENT OF ARSENIC-BEARING WASTE
TREATMENT OPTIONS

Pl: Ahammadul Kabir, Asia Arsenic Network

U.S. Partner: Lutgarde Raskin, University of Michigan (Funded by the National Science
Foundation)

Date: August 2013 — February 2016

PROJECT OVERVIEW

Water quality and supply issues in South Asia, particularly arsenic-contaminated groundwater and
microbially contaminated surface water, are expected to worsen with climate change. Arsenic removal
systems are essential for providing safe drinking water but generate arsenic-bearing wastes that can re-
release arsenic into the environment. This project focused on managing arsenic-bearing waste to
facilitate greater implementation of arsenic removal systems. Collaborating with researchers at the
University of Michigan (UM) and consultants at Carollo Engineers, Dr. Kabir and his team evaluated field-
scale arsenic-bearing waste management options. They analyzed arsenic wastes from two types of
arsenic removal systems, evaluated alternative waste disposal options, and quantified the arsenic-
transforming potential of microbial communities in disposal environments.

Mitigating arsenic contamination in drinking water in Bangladesh could improve millions of lives by
reducing morbidity and mortality. This project provided region-specific recommendations for managing
arsenic-bearing waste, enhancing the implementation of arsenic removal systems, and increasing the
capacity of the Asia Arsenic Network (AAN) to provide clean drinking water. The study aimed to inform
decisions on managing arsenic solids produced during water treatment to prevent recontamination.
AAN’s outreach experience was leveraged to communicate findings with local plant operators,
community members, and policymakers. Training visits to UM were intended to boost AAN’s research
capabilities and water quality monitoring, with lab equipment upgrades enhancing the organization’s
ability to test for multiple pollutants, including arsenic and microbial contaminants.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project concluded in 2016 and received an Evidence to Action supplement in the following year to
better disseminate results. In 2018, Dr. Kabir and his team distributed about 300 copies of an operations
and maintenance (O&M) manual they created for arsenic iron removal plants and SIDKO plants.
Recipients included plant caretakers, local government institution members, water workers, NGO staff,
students, and water user committee representatives. The publication was well-received and expected to
improve knowledge and practices related to O&M for arsenic removal technologies. The remaining 200
copies of the guidelines will be distributed in the coming quarter.

The project team also conducted train-the-trainers (TOT) sessions for water professionals and workers
from various organizations. The objectives were to increase participants' knowledge of timely
operations and maintenance, regular monitoring, arsenic content of water and sludge, the impact of
sludge disposal, and minor fault repair procedures in the arsenic removal systems. Training methods
included lectures, interactive presentations, and practical demonstrations. Three of the five planned
TOT events were completed in the first quarter of the year, serving 62 participants (45 male and 17
female), with the remaining events scheduled for the coming quarter.



A significant aspect of the project involved orientation sessions for officials from local government
institutions (LGI). The Union Parishad (UP), an LGl at the grassroots level in Bangladesh, significantly
impacts various aspects of community life. UPs can raise awareness about the impacts of disposing of
high-arsenic sludge and monitor arsenic removal systems and plant caretakers' actions regarding regular
operations and maintenance. The Pl and his team selected UPs as the third-party monitor for project
outcomes. They oriented UP chairmen, secretaries, and male and female members on the importance of
proper disposal of arsenic-bearing sludge, periodic and regular maintenance of treatment systems, and
monitoring of removal technologies. Five orientation events were conducted during the first quarter of
2018, covering 71 participants (56 male, 15 female). Following the sessions, UP members
enthusiastically began monitoring the maintenance of the arsenic removal systems.

Practical training for the arsenic plant caretakers themselves was another key element of this project.
The training aimed to increase knowledge about the importance of arsenic-safe drinking water, O&M for
arsenic removal technologies, regular backwashing, maintenance recordkeeping, and impacts of arsenic-
bearing sludge disposal. Interactive presentations, discussions, and practical demonstrations were
included in the training. Each system involved in the project had one male and one female caretaker
participate. The theoretical part of the training was held in selected UP complexes, while the practical
part was conducted at the nearest arsenic removal plant. The hands-on elements were particularly
helpful for understanding O&M concepts and backwashing procedures. In the last quarter of 2017, six
training events covering 56 caretakers were conducted. The remaining four events were conducted in
the first quarter of 2018, covering 24 participants (12 male, 12 female). During the training, some
participants mentioned difficulties in opening gate valves for system backwashing. AAN project staff
found damages to some gate valves that could not be easily repaired. With PEER funds, the team
covered the cost of extensive repairs to 16 plant gate valves and additional general repairs such as
plastering and changing pipes and elbows.

This multifaceted demonstration project also strengthened collaboration between the Department of
Public Health Engineering (DPHE), local NGOs, and companies that sell and install arsenic iron removal
and SIDKO arsenic removal plants. Dr. Kabir reported that stakeholders were enthusiastic about the
results and committed to regular backwashing and maintenance from the installation to reduce future
environmental contamination risks. The involvement of LGls in the orientation program created new
prospects for motivating caretakers to perform regular backwashing. According to LGls, most
organizations providing arsenic removal technologies are reluctant to conduct training for caretakers
and lack monitoring mechanisms. LGls now demand that the activities carried out in this project be
extended to other locations. They have committed to motivating caretakers for regular backwashing to
improve water quality and reduce arsenic content in the sludge. The TOT sessions provided to water
workers and professionals will ensure proper operations, maintenance, and regular backwashing of
arsenic removal technologies in the project area.

The researchers conducted two additional TOT events in 2018 for water workers and professionals,
monitored the arsenic content of sludge from 40 plants with the new backwashing procedures, and held
a district-level consultation workshop on sludge disposal.



BANGLADESH AND THE PHILIPPINES - PROJECT 2 - 004: VALIDATION OF SALT
TOLERANCE DETERMINANTS IN RICE (ORYZA SATIVA L. INDICA) LANDRACE HORKUCH
AND ITS SEGREGATING POPULATION BY 2B-RAD SEQUENCING AND RNA-SEQ
ANALYSIS UNDER STRESS

Pl: Zeba Seraj, University of Dhaka, With Co-Pi Abdelbagi Ismail, International Rice
Research Institute

U.S. Partner: Thomas Juenger, University of Texas at Austin (Funded by the National
Science Foundation)

Dates: August 2013 - May 2016

PROJECT OVERVIEW

Bangladesh is the world’s fourth-largest rice-producing country and is an enriched germplasm
reservoir with 6,500 varieties of wild accessions, landraces, and modern varieties. Salt-tolerant rice
landraces are of particular interest as donors of salt tolerance traits. The Bangladesh Rice Research
Institute has released six slightly to moderately tolerant modern rice varieties, but for various reasons
most have not be widely adopted by farmers. In view of the predicted increase in salinity levels in
Bangladesh, more tolerant varieties are needed. Horkuch is a rice landrace popular with some farmers
in the southwestern coastal areas in Satkhira, but it has low yields. Farmers in this area cannot grow
modern high-yielding varieties due to salinity in the soil. Horkuch has been identified as salt tolerant at
the seedling stage, and subsequently its yield-related traits under stress were also found to be
superior. In order to determine exactly which genes from Horkuch could be integrated most
productively into existing rice varieties, intensive study of the Horkuch landrace is essential.

As part of this project, next-generation sequencing (NGS) methods were used to map a population of
several hundred individual plants in weeks rather than the usual months or years required. The
ultimate goal was to develop a list of candidate genes to be targeted for introgression into popular but
sensitive varieties of rice to make them more salt tolerant.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project aimed to identify, characterize, and validate the salt-tolerant determinants in the rice
landrace Horkuch, popular among farmers in the southwestern coastal areas of Bangladesh,
particularly Satkhira. This region is north of the Sundarbans and is known for its salinity stress. Using a
reciprocal population derived from the tolerant Horkuch and sensitive IR29, the study aimed to locate
genetic loci associated with salinity tolerance and sensitivity. Next-generation sequencing (NGS) tools
were applied to identify loci, their linked markers, and genes related to salinity tolerance. By the
project’s completion in May 2016, several key focus areas were addressed.

The team discovered QTLs linked to tolerance by combining phenotype and genotype data (RAD
genotyping) in both seedling and reproductive stages. A linkage map was produced, and QTLs were
identified under stress at both stages. Several progenies in the F5 stage with multiple QTLs, including
combinations from both stages, were identified. These plants will be further validated and
incorporated into breeding programs in Bangladesh.

The researchers observed differential expression of genes in Horkuch, IR29, and their reciprocal
populations (RNA-Seq) under salt stress in different tissues and stages. They identified notable



differences in stress responses between tolerant and sensitive progenies. Combining expression and
genotyping data, preliminary analysis revealed that under salt stress, most trans-eQTL hotspots were
linked to genes involved in photosynthesis. Further analysis is ongoing.

The team completed whole-genome resequencing and transcriptome analysis of Horkuch and IR29,
annotating over 70% of both genomes. These data, aligned with QTL and eQTL findings, are expected
to provide insights into Horkuch's salt tolerance mechanisms.

Dr. Seraj and her team completed at least seven papers expected to be submitted for publication in
the summer of 2016. Additionally, Dr. Seraj received two grants to continue the work initiated with
PEER funds. The first, from the Third World Academy of Sciences, supports a project on drought and
salinity-tolerant transcription factors. The second, from the Bangladesh Academy of Sciences and
USDA, funds a three-year project on developing high-yielding, abiotic stress-tolerant rice. Summarizing
the results and impacts, Dr. Seraj emphasized the excellent mentorship from the U.S. partner, which
elevated the lab's standard of work. The team aims to publish seven research articles in prestigious
international journals, significantly boosting Dhaka University's reputation. The findings are expected
to propose a mechanism for Horkuch's salt tolerance, enhancing salinity tolerance breeding programs.
The output is anticipated to lead to breeding programs incorporating multiple salt tolerance QTLs in
single progenies, potentially producing greater tolerance levels.

Dr. Seraj notes that the mentorship of the U.S. partner has been excellent and has led to a standard of
work previously unreachable by the lab before PEER. The team hopes to publish seven research
articles in prestigious international journals from this PEER grant, bringing a tremendous boost to the
reputation of Dhaka University. By the time all the papers are published, they will hopefully be able to
propose a mechanism for salt tolerance of the traditional landrace Horkuch, increasing knowledge and
enhancing salinity tolerance breeding programs. The output of this work is expected to lead to salt
tolerance breeding programs incorporating multiple salt tolerance QTLs in single progenies, potentially
producing greater tolerance levels.
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BANGLADESH - PROJECT 1-226: DEFINING THE ECOLOGY OF THE NIPAH VIRUS
OUTBREAKS IN BANGLADESH: IDENTIFYING ADDITIONAL POTENTIAL FOODBORNE AND
LIVESTOCK TRANSMISSION ROUTES

Pl: Muhammad Salah Uddin Khan, lcddr

U.S. Partner: Peter Daszak, Ecohealth Alliance Inc (Funded by the National Science
Foundation)

Dates: June 2012 - March 2016

PROJECT OVERVIEW

Nipah virus (NiV) is an emerging zoonotic virus (a virus transmitted to humans from animals) that causes
high mortality in humans. In addition to human-to-human transmission, epidemiological studies have
identified another possible transmission pathway, namely from fruit bats of the Pteropodidae family to
humans when people drink contaminated date palm sap. Human NiV cases in Bangladesh have been
found to be seasonal, coinciding with the date palm harvesting season (November to March), and
consumption of date palm wine appears to serve as a major portal for infection due to contamination of
palm sap from contact with urine or saliva from infected fruit bats.

In addition to foodborne transmission pathways, animals other than bats may play a role in
transmission. The project team has previously studied livestock during outbreak investigations, and
during the PEER grant, they sought to test the hypothesis that multiple species of animals (including
dogs, cats, cattle, goats, horses, and pigs) may acquire and spread Nipah infection during an outbreak.
The Bangladeshiand U.S. researchers developed sampling strategies and analytical approaches to assess
the risk of infection via livestock and food-borne routes.

This project involved screening domestic, peri-domestic, and feral animals in a NiV outbreak to look for
evidence of NiV infection. Furthermore, the researchers investigated bats’ date palm sap drinking
behavior year-round, in the locations where harvesters collect and ferment date palm sap for wine
production. Beyond its research aspects, this project provided training in NiV surveillance, field sampling
techniques, biosafety practices, and outbreak response for veterinarians under the Bangladeshi
Department of Livestock Services, Ministry of Agriculture, and the Forestry Department.

FINAL SUMMARY OF PROJECT ACTIVITIES

Throughout the project, the team was able to collect a total of 1016 tree nights of observation,
recording a total of 42,456 bats. The team also collected serum samples from 400 domestic (cattle, goat,
horse) and 360 peri-domestic animals (rats, house shrews, cats, and dogs) from the Faridpur and
Naogaon regions. Researchers were able to conduct an outbreak investigation at six different Nipah
outbreak sites (Natore, Guibandha, Nauga, Rajshahi, Faridpur, Madaripur) and sampled bat roosts from
those sites. All recordings and samples were reconciled to determine the seasonality of bats’ feeding
behavior in relation to the seasonality of Nipah virus transmission to humans in Bangladesh.



Researchers found in their study of bat date palm sap feeding behavior that Pteropus bats visited date
palm trees more frequently during the spring and winter, perhaps due to lack of other available food.
Feeding behavior could be one reason why the risk of Nipah infection to people has been concentrated
in the winter season, even when fermented sap is consumed year-round. The researchers suggested
that sap harvesters should regularly use skirts to prevent bats from contaminating the date palm sap to
prevent Nipah virus and other bat associated zoonoses. They have published their findings in major
international journals, with these research outputs continuing even several years after the PEER project
ended.
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BANGLADESH - PROJECT 1-097: TOWARD GEOHAZARD ASSESSMENT IN
BANGLADESH: ACADEMIC INFRASTRUCTURE AND KNOWLEDGE TRANSFER

Pl: Syed Humayun Akhter, Dhaka University

U.S. Partner: Michael Steckler, Columbia University (Funded by the National Science
Foundation)

Dates: May 2012 - May 2016

PROJECT OVERVIEW

Situated at the junction of three tectonic plates and overlying the world’s largest delta, Bangladesh is
one of the most natural disaster-prone countries in the world. This rapidly developing nation is
undergoing rampant urbanization and has a population of more than 169 million (2021), almost half
the population of the United States crowded into an area the size of lowa. The country faces frequent
water-related natural disasters, including widespread seasonal floods, recurrent tropical cyclones with
large storm surges, river erosion and channel avulsions, permanent land loss from sea level rise, and
natural groundwater arsenic. These have overshadowed the severe hazard from rare but devastating
earthquakes.

To address seismic and other natural hazards, this project focused on creating a sediment sample and
data storage facility and transferring knowledge to the local geoscience and engineering communities
through training courses. The goal was to increase local capacity to evaluate and mitigate hazards,
while also contributing valuable data and insights to the U.S. partner's ongoing National Science
Foundation (NSF)-supported research.

At the time the project began, there was no place to archive sediment samples in Bangladesh.
Encouraged by the success of the small seismology training facility previously established under a
PEER pilot program grant, this project renovated, furnished, and equipped space donated by Dhaka
University into a fully functioning center. The first contributions were expected to be samples from
the more than 250 wells being drilled as part of the U.S. partner's NSF-funded project. The sample
repository will be open to all Bangladeshiresearchers to store samples and analyze results regarding a
multitude of hazards, including earthquakes, sea level rise, land subsidence, arsenic contamination,
and river avulsions.

The project workplan also involved several training workshops in Bangladesh on earthquake geology,
seismic processing and interpretation, and seismic hazard mapping and its role in disaster risk. This
will help establish a new line of research in Bangladesh to help trainees begin a coordinated
countrywide effort to recover the geologic record of earthquakes in Bangladesh and create a new
generation of students able to apply earthquake geology techniques. Through creation of the new
center and the associated training activities, the project should also help to bring up-to-date
knowledge to geoscientists, engineers, and government administrators in Bangladesh in order to
integrate these disparate groups and facilitate resilience against seismic hazard threats.



FINAL SUMMARY OF PROJECT ACTIVITIES:

Thanks to PEER funding, the PEER project team purchased a laser particle size analyzer and a handheld
X-ray fluorescent (XRF) analyzer. Students and teachers were given initial training on these tools by
engineers from their respective companies. Graduate students used both tools for their research.

The researchers completed their renovation of the lab, receiving and organizing sediment samples
from the U.S. partner’s BanglaPIRE project and from other organizations. With the help of the U.S.
partner, the team also purchased and installed a server to develop a database of sediment samples
archived in the repository. The team received more than 15,000 sediment samples from 419 bore
holes drilled along 19 transects across deltas in Bangladesh, building a first-of-its-kind archive in the
country.

The grantees successfully organized three training workshops and two seminars. In the first 10-day
training course, 20 participants learned about seismic data interpretation using professional software.
The workshop included two days of learning about theoretical aspects of seismic reflection data
processing and interpretation, and eight days of hand-on training. The second training course, on the
topic Earthquake Geology and Paleoseismology, involved lectures, lab work, and a day of fieldwork at
the coastal belt of Teknaf. The participants learned how to identify historical earthquakes from
landforms and neotectonics, demonstrating in the field the systematic procedures for collecting field
data and sampling for dating earthquake events. During a third training on XRF and Laser Particle Size
Analyzer Instrument Operation and Data Interpretation, participants learned the operation and use of
XRF spectometers and laser particle size analyzers through lectures and hands-on training. Students
used sediment samples from the project’s sample repository for analyses.

A variety of researchers and visitors from different organizations have shown interest in the new soil
samples and the PI’s work. The Bangladesh Water Development Board (BWDB) has given sediment
samples to the repository. After hearing about the Multichannel Seismic Processing and Interpretation
training program, officials from an international oil company provided stipends to two Master’s
students to work with their seismic reflection data using the Kingdom Suite software. The Pl also
presented at the American Geophysical Union Fall Meeting in 2015.

PUBLICATION
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BANGLADESH - PROJECT H1-125: EVIDENCE-BASED KNOWLEDGE INTO PRACTICE:
EXTENDING A SUCCESSFUL MATERNAL, NEONATAL, AND CHILD HEALTH PROGRAM IN
MATLAB INTO THE GOVERNMENT HEALTH SYSTEM IN BANGLADESH

PI: Anisur Rahman, International Centre For Diarrhoeal Disease Research, Bangladesh
(lcddr,B)

U.S. Partner: Randall Kuhn, University of Denver (Funded by the National Institutes of
Health)

Dates: October 2013 - December 2017

PROJECT OVERVIEW

Despite widespread poverty and malnutrition, progress towards achieving the MDGs for child (MDG 4)
and maternal (MDG 5) health in Bangladesh is encouraging. However, maintaining the pace of
mortality reduction is challenging. Neonatal deaths contribute about 43% of under-five mortality, and
the reduction pace is slow compared to post-neonatal and childhood mortality. In the rural Matlab
Upazila of Bangladesh, icddr,b has maintained a health and demographic surveillance system (HDSS),
operated a field hospital, and tested intensive in-home outreach and service delivery strategies on
maternal and child health. In 2007, icddr,b introduced a successful integrated Maternal, Neonatal, and
Child Health (MNCH) model into its existing intensive treatment area, achieving a 36% reduction in
perinatal mortality within a short time.

The Maternal, Neonatal, and Child Health Extension (MNCH-Ext) Project aimed to extend these
services to the remaining parts of Matlab, where the population receives care from government
health facilities similar to the rest of the country. The overall goal was to implement evidence-based
maternal and neonatal interventions through a functional and responsive primary health care service
delivery system to improve perinatal health in Matlab. The study interventions focused on
strengthening the primary health care system by addressing health system building blocks, such as
improving governance, human resources (training and quality improvement), ensuring supplies,
enhancing the health delivery system, improving information systems, and working with the
community to create demand for uptake of interventions.

FINAL SUMMARY OF PROJECT ACTIVITIES

This project began with a series of health facility surveys and gap analysis that took place in November
- December 2015. The team conducted a series of focus group discussions (FGDs) and in-depth
interviews (IDIs) to understand the gaps related to the existing services. The participants included in
the discussions and interviews were selected from community and facility level health workers with
the aim to understandthe: (i) existing gaps in the availability of evidence-based maternaland neonatal
interventions; (ii) to identify the challenges for offering high-quality MNH interventions at community
and facility levels; (iii) to determine the needs for introducing the high impact MNH interventions
which are not existing in the current system; and (iv) to identify the gaps in documentation and
reporting of data. The team conducted 7 FGDs (71 participated) and 12 IDls.

The gap analyses highlighted the need to: a) Implement appropriate methodology to determine
accurate number of pregnancies within the study population; b) Work with opinion leaders within the
government sector to encourage the idea that government sector can achieve high outcomes without



additional resources. c) Have a clear check-list (and goals) of antenatal and post-natal care counseling
and services available to all staff across the continuum of care; d) Establish accountability and
reporting mechanisms based on this shared understanding; e) Determine if patient tracking
/communication across different facilities is possible; f) Determine if/how to address lack of
transportation for hospital referrals; g) Determine how to account for availability or lack thereof of C-
section delivery at UHC.

Subsequently, a study was established to implement community and facility-based interventions. The
community intervention was accomplished by engaging village health workers- Family Welfare
Assistants (FWAs) and Health Assistants (HA) from the Director General of Family Planning (DGFP) and
the Director General of Health Services (DGHS), respectively and covered the following interventions:
Pregnancy identification; Pregnancy Home Visits (PHV) 1 and 2: PHV1 took place during 12-14 weeks
of gestation, and the PHV2 visits during 32-34 weeks of gestation. During the visits health workers
assessed the pregnant women’s wellbeing and counseled on birth preparedness and maternal and
neonatal danger signs. Postpartum Home Visits (PPHV) took place in 0-3 days of delivery and a second
took place after 7 days. During these visits, the health workers also assessed the well-being of mothers
and their babies and provided appropriate management of sick mothers and baby, if needed;
Distribution of delivery kits including the delivery mat to early diagnoses of post-partum hemorrhage;
Distribution of misoprostol to be used during delivery; Distribution of health cards; and training FWAs
and FHs from the intervention area on pregnancy identification and home visits.

The team also conducted interventions at the facility level, including:
e Facilitated 24-hour emergency obstetric care by training two doctors on anesthesiology and
two for obstetrics.
e Trained medical officers and nurses from two sub-district level hospitals and from a tertiary
level hospital on EmONC.
e Kangaroo mother training and establishment of KMC unity in the sub-district level facility.
e Helping Baby’s Breath training to all staff in the sub-district level hospitals.
e Training on ANC, PNC and normal delivery to health care providers from community clinics
and Family Welfare centers.
Additionally, the project collected information related to the evaluation of the study through baseline
and end-line surveys. They surveyed to understand the pregnancy outcome listings and the current
pattern of health care seeking behavior. This was needed to understand the distribution of stillbirth
and neonatal mortality, and the pattern of antenatal and delivery care among the women in the study
areas. With the end-line survey, the team performed the data collection similar to the baseline survey
to compare the study outcomes.

The intention-to-treat analyses showed significant improvement in increasing the ANC coverage due
to intervention. However, no association was observed in perinatal mortality rates.



BHUTAN

BH-006: HEALTH-RELATED QUALITY OF LIFE AND PSYCHOLOGICAL WELL-BEING
AMONG PEOPLE LIVING WITH HIV IN BHUTAN

PI: Nidup Doriji, Faculty of Nursing and Public Health, Khesar Gyalpo Unviersity of
Medical Sciences of Bhutan

U.S. Partner: Kaveh Khoshnood, Yale School of Public Health

Dates: April 2022 - June 2023

PROJECT OVERVIEW

Only an estimated 55.5% of people living with HIV (PLHIV) in Bhutan are diagnosed, one of the lowest
diagnosis rates in the world. Government and civil society stakeholders hypothesize that high stigma
and poor quality of life impede the ability of Bhutanese PLHIV to move through the HIV cascade of
care (CoC). However, little is known about how PLHIV in Bhutan experience stigma and discrimination
and how these factors influence quality of life through the CoC. Studies support the benefits of
psychosocial interventions to improve quality of life and HIV CoC outcomes, and support and respect
gained from family and friends is known to buffer negative psychological states. A key principle of
public health intervention design and implementation science is that psychological interventions must
be tailored to the needs of the target population, which is least known about PLHIV in Bhutan.

As formal researchon HIV in Bhutanis virtually non-existent, this PEER project sought to build a robust
research culture focusing specifically on the HIV epidemic in the country. It aimed to inform
policymakers, healthcare providers, counselors, family members, relatives, and the general population
about the experiences of PLHIV and the influence of these experiences on their QoL and HIV
management. Findings from this research were intended to enable policymakers, healthcare
providers, and PLHIV to come together to curb the HIV epidemic, promote quality of life, and mitigate
the negative consequences associated with HIV. Financial and technical assistance from PEER and the
partners from Yale University helped build a robust research culture and generate scientific evidence
to create locally tailored interventions to address the determinants of HIV incidence and lack of
uptake of care.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team interviewed 455 people living with HIV, about half male and half female, across
multiple study sites throughout Bhutan. The PI Nidup Dorji, co-Pl Wangchuk, and their colleagues
conducted preliminary data management and analysis. They also trained 45 volunteer counseling and
testing focal persons and Health Information Service Center counselors as research assistants (RAs),
including training on data management and analysis. Five of the RAs from Thimphu, Phuntsholing,
Gelephu, Zhemgang, and Samdrupjongkhar, where the maximum numbers of PLHIV were interviewed,
were invited to take part in the final project workshop and were crucial in helping clean the data,
checking on double entries and authenticating missing information.



The researchers’ findings included that a majority of PLHIV interviewed were low-income and almost
90% of participants reported adherence to antiretroviral therapy and had their viral load suppressed.
More than 80% of participants reported mid-level stigma but 70% reported their quality of life to be
good or very good. Participants who reported their general health conditions as good to excellent and
perceived themselves to be in better health compared to a year ago reported better quality of life and
wellbeing. Those who perceived a mid or high level of stigma and experienced some form of
discrimination scored low quality of life and wellbeing. Adverse childhood experiences such as sexual
and/or emotional abuse, living with violence in a household, parental separation or divorce, and
bullying were significantly related with quality of life and wellbeing. A dose-response relationship also
was found between cumulative adverse childhood experiences and quality of life.

In April 2023, Dr. Dorji and Mr. Wangchuk traveled to the Yale School of Public Health to discuss
findings, conduct advanced statistical analyses with their U.S. partner Dr. Kaveh Khoshnood and other
counterparts, and plan for the dissemination of the findings. Dr. Khoshnood also visited Bhutan in May
2023, conducting a workshop on strengthening research collaborations, identifying funding
opportunities, and pursuing networking and innovations. The workshop was attended by the teaching
faculty and final year students at the School of Nursing and Public Health of the University of Medical
Sciences of Bhutan.

The PEER team disseminated their findings to various healthcare centers in eastern and east central
Bhutan. A total of 52 VCT focal persons, including medical doctors and nurses from regional hospitals,
attended two dissemination workshops. The Minister of Health of Bhutan and officials of the
ministry’s National AIDS Control Program are aware of the studyand the team’s findings, which should
be useful in informing policies for better care delivery to PLHIV. The study is particularly important, as
it was the first ever undertaken directly involving PLHIV since the detection of the first HIV case in
Bhutan in the early 1990s.



BH-009: BUILDING A HARMONIOUS HUMAN-PRIMATE SOCIETY: A CITIZEN SCIENCE
BASED PRIMATES CONSERVATION RESEARCH IN BHUTAN

Pl: Kuenzang Dorji, Nature Study Center (Bhutan Primates Conservation Society)
U.S. Partner: Lori Kay Sheeran, Central Washington University

Dates: April 2022 - June 2023

PROJECT OVERVIEW

Most of the Bhutanese population (80%) depend on farming, but they are challenged by the smallsize of
each farm holding, climate change, and crop depredation by wildlife. Primates (mostly Bhutan’s three
macaque species) destroy crops across the country, with an overall damage extent greater than all deer
species combined, in part because macaques’ generalist diet allows them to eat all crop varieties.
Annually, farmers lose 20-30% of their crops to wildlife, affecting peoples’ food security and the
country’s overall agricultural system. The impact is more severe for women, who are often responsible
for running farms while men are employed as carpenters or construction workers. This PEER project
aimed to improve Bhutan’s agriculture and food security sectors by gathering data on the understudied
area of human-monkey interactions, as the country’s seven primate species are increasingly encroaching
on farms, as farmers shift their cultivation of cash crops. This project sought to mitigate negative
impacts of interspecies contact, create educational outreach on primates’ ecological role in Bhutan, and
produce the baseline data needed for conservation actions on behalf of primate species poorly known
to science.

The researchers mapped human-primate association hotspots for Bhutan’s primates, piloted deterrents
to monkeys damaging crops, initiated planting of crops to enhance farmers' incomes and to provide a
buffer between the forest and farms, and installed signs to reduce fatal accidents with wildlife on roads.
The PEER project also built primate conservation research capacity in university students and involved
residents through educational outreach developed in partnership with community leaders—primarily
women as non-formal educators and heads of households and monks as spiritual leaders. The project
was based in rural communities where there is scarce access to educational opportunities, and the
researchers relied on the expertise of local foresters, who are based in regions over the long term and
therefore are aware of the wildlife issues local people face. The project also built-up professional
capacity of foresters through educational programs.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team supported primate-focused research conducted by five Bhutanese undergraduate
students enrolled at the Royal University of Bhutan College of Natural Resources. The students
completed projects focused on ecology, human interactions, distribution, and predation pressures of
golden langurs and Assamese macaques. The students collaborated with team members to write up
their results or continue research and undertook training in primate survey protocols and research
ethics prior to collecting field data.

The PEER team trained 38 foresters in primate survey methodologies before embarking on a week-long
field expedition to collect socioecological data. The training enabled the foresters to coordinate and
assist, as well as collect field data using online data collection apps. Foresters from Bumthang, Dagana,
Sarpang, Tsirang, and Zhemgang forest divisions, as well as Jigme Singye Wangchuck National Park,
Royal Manas National Park, and Phibso Wildlife Sanctuary, participated and strengthened collaborations



with eight forestry field offices. The researchers and foresters took on a variety of education outreach
activities in communities living with monkeys, including sharing basic information about golden langur
ecology and wildlife identification in ten rural schools in regions with low adult literacy rates, reaching
600 students across a wide range of ages. The PEER team also met monks in these areas and received
feedback from them on community-level information.

With the assistance of local forestry staff, the team worked with approximately 200 farmers in Trongsa
and Zhemgang districts, focusing on women whose farms were adjacent to forests and who had
previously reported issues with crop damage. Forestry staff interviewed farmers to learn more about
their views of problematic wildlife and recommended farm sites to deploy wildlife deterrent devices.
Two types of deterrents were tried. Both use electricity and rely on vocalization files on a thumb drive
hooked to a speaker. Approximately 100 farmers, particularly women as household heads, were able to
harvest 80-90% of their produce from the farmthanks to the team’s interventions. Local foresters know
places on the highway where wildlife and car collisions occur. Based on the foresters’ survey and
knowledge, the team installed signs to alert drivers to the possible presence of golden langurs and other
wildlife.

Perhaps the most significant outcome of this project is research-based documentation and mapping of
human-primate negative interaction hotspots and the resulting practical research findings. The
researchers’ model showed that Zhemgang District is one of the primate hotspots in Bhutan. The
national tourism flagship program highlights Zhemgang as a tourist hub due to its high floristic and
faunal diversity. Stakeholder and other consultative meetings with the PEER team helped shift mindsets,
identifying the important role monkeys play in the ecosystem and in potential income generation
through ecotourism. Like other local celebrations, residents have proposed organizing a monkey festival
to promote these animals' importance and conservation.

The U.S. partner Dr. Lori Sheeran and her graduate student Ms. Kelsie Strong visited the PEER team
during the project period, validating data on primates and recorded more than 500 individual primates
in various habitat types in 12 days. In addition, they met with field foresters, school children, women's
groups, and a student research fellow from the College of Natural Resources.

The PEER project team was awarded two additional grants for their work, including a $63,000 grant from
the Ocean Park Conservation Foundation Hong Kong.



BH-012: IMPACT OF CLIMATE CHANGE ON ALPINE TIMBERLINE AND ITS SOCIO-
ECONOMIC IMPACT ON HIGHLANDER IN BHUTAN
Pl: Changa Tshering, Ugyen Wangchuck Institute for Conservation and Environmental

Research
U.S. Partner: Steven William Running, University of Montana
Dates: April 2022 - March 2024

PROJECT OVERVIEW

Timberline is one of the most conspicuous boundaries between forest and alpine. In Bhutan, this
region is considered more vulnerable to climate change due to amplified warming and the presence of
marginalized communities. The existing research from these areas has mainly focused on glacier
melts, snow cover dynamics, glacier lake flood, and field monitoring of alpine vegetation. Very few
empirical studies have been conducted to assess how timberline has advanced or retreated in
response to climate warming in Bhutan, due to challenging and inaccessible topography and lack of
professional capacity. Increasing availability of satellite data and cloud computing platforms offers
new opportunities to monitor timberline dynamics more consistently, reliably, frequently, and with
fewer resources. The Google Earth Engine, a web-based platform, provides access to an entire archive
of Landsat data and high computing speed to process data without the need to download the satellite
data. In addition, its capability to apply standard and uniform change detection algorithms to Landsat
data over multiple years ensures the consistent and reliable comparison of forest cover change over
decades.

The main goal of this PEER project was to compare the forest cover from 1980 sequentially, by
decade, with the current forest cover. Dr. Changa Tshering and his group sought to quantify and
monitor the shift in alpine timberline in the Bhutan Himalaya. The project provided crucial evidence
on the timberline's response to climate change and assessed its threats to some of the highly endemic
and endangered alpine biodiversity. In addition, the project included a socioeconomic research
component aimed at understanding how the vegetation shift has forced changes in the livelihoods of
alpine nomadic herders.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers analyzed satellite image data to determine tree line ecotone shift over a period of
decades. Fifteen project staff were trained on the use of Google Earth Engine to study landscape
dynamics. The PEER team also undertook biophysical field data collection from the Merak and Sakteng
regions of Eastern Bhutan. This collection was designed to validate satellite image analysis findings.

In addition to collecting vegetation data, the field team also carried out tree coring and collected tree
ring data from these regions to understand tree stand establishment in the research sites. Around 20
unemployed youths from the area were recruited as field data collectors for one month and were
trained in ecological survey methods and dendrochronological coring.

In the complementary social science component of the project, the Pl led socioeconomic survey
training for 14 youths in Merak and Sakteng, and with their help, he and his colleagues completed a



survey of 228 households in that locality. While in the area, the researchers also carried out some
additional drone mapping of their sample area. In Laya, they trained 10 youths and surveyed 160
households even though their visit coincided with a four-day heavy snowstorm.

The Pl visited his U.S. partner in Montana during the project period to carry out satellite data
processing and analysis. The PEER project provided support to purchase equipment like drones and
GPS for conducting field surveys, improving the infrastructure for future efforts. The team continues
working to draft papers on their work even now that the project has ended.



BH-022: ENHANCING FOOD SECURITY OF SMALLHOLDER FARMERS IN BHUTAN
THROUGH BUILDING CAPACITY IN CLIMATE-SMART AGRICULTURE

Pl: Rekha Chhetri, College of Natural Resources, Royal University of Bhutan

U.S. Partner: Sarah Halvorson, W.A. Franke College of Forestry and Conservation,
University of Montana

Dates: April 2022 - June 2023

PROJECT OVERVIEW

Despite contributing little to its cause, climate change impacts are being increasingly felt in Bhutan,
particularly in the agriculture sector. The impact could worsen if the future climate scenarios of the
Himalayas projected by various climate models are to come true. The current climate variability has
reduced crop production and threatened food security, which was further amplified during the COVID-
19 pandemic. To address the impacts of worsening climate scenarios on food systems, the
Government of Bhutan is urging the adoption of smart agricultural practices so that food security
would not be compromised. However, Bhutan has not been able to achieve much so far due to limited
funds, expertise, and research.

This PEER project on climate-smart agriculture (CSA) researched indicators of smallholder farmers’
vulnerability to climate change, farmers’ perceptions on challenges and benefits of CSA practices in
the project areas and farmers’ willingness and preference to adopt CSA technologies. The project also
included capacity building through training and supply of basic materials to stakeholders to implement
the CSA technologies and practices, strengthening smallholder farmers’ capacity to respond to climate
change impacts. The team sought to generate data to make informed policy decisions on CSA and
location-specific CSA tools and practices. Targeted farmers were encouraged to share their skills and
knowledge with other interested farmers to broaden community participation.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team surveyed 248 randomly selected farmers from Chhimoong, Chongshing, and Yurung
Gewogs in Pemagatshel District in Eastern Bhutan. The researchers' findings highlighted the
importance of small-scale animal husbandry, specifically certain cattle breeds, and cultivation of less
common cereal crops. Typical non-farm winter activities in the study area were weaving, wage labor,
and brewing Ara (local alcohol). The top five challenges identified by farmers included pests and
diseases, conflicts with wildlife, a lack of irrigation water, labor shortages, and post-harvest losses.
Farmers also reported an increase in windstorms, hailstorms, and crop losses. Farmers had adopted or
were willing to adopt CSA practices like seed saving, using farmyard manure, planting a mix of crops,
improving crop varieties, and integrating livestock on the farms. Most farmers relied on extension
personnel for agricultural information and had limited access to most of the technologies and training
related to CSA. The PEER team’s resource mapping study helped them identify the gaps in enhancing
the livelihood of resource-poor farmers in a sustainable manner.

The PEER team undertook an intervention with farmers through field visits to agriculture research
centers and other farmers’ fields, where they were exposed to new technologies in agriculture, and
had hands-on skill development activities led by both researchers and progressive farmers who have
already adopted some of the practices and technologies. To help the farmers implement the skills and
knowledge they gained, the PEER project supplied them with various equipment, including a diesel



engine for cornflake production, a stainless-steel combined rice milling machine, water tanks, and
irrigation piping.

The U.S. partner Dr. Sarah Halvorson visited the PI Dr. Rekha Chhetri and her team in Bhutan to
discuss future collaborations, visit farmers undertaking CSA practices, and conduct short training
courses on Research Design and Fundamentals of Proposal Writing. During her visit, the team visited
farmers who had taken part in the intervention, including two locations where Dr. Chhetri and her
colleagues had previously installed ultraviolet-resistant water tanks to collect rainwater along with
pipe and drip irrigation kits. The team also observed farmers implementing the CSA practice of
intercropping legumes with potatoes, whichthey learned during their project-sponsored farmers’ field
visit, as well as making their own organic fertilizers by composting leaf litter and other farm wastes,
including cow urine and biomass.

As a result of their joint project monitoring exercise, the team saw the project plans were successfully
implemented or were in the process of implementation as per the plan. All farm equipment and inputs
required by the farmers in the project areas for implementation of the project activities had safely
reached their recipients, and the beneficiary farmers and local agriculture extension officials were all
happy and grateful for the generous support. The project was only designed for one year, which could
be deemed too short to show bigger impact, particularly in the agriculture sector. However, this was
not the case with the current project, as Dr. Chhetri notes that she and her colleagues could already
see farmers implementing the new lessons they had learned. In addition, the farm machines and
materials that were supplied could contribute to addressing the challenges of food security in the
years to come. The project team, while deeply happy with the success of the project, will continue
seeking additional funds and projects to build on this initiative. They see a huge potential to up-scale
the activities and continue to improve the livelihood of Bhutanese farmers in the face of changing
climate.

InJune 2023, the PEER team published a book about their project, which may be downloaded through
the link below.

PUBLICATION

Tashi Dendup, Sonam Tashi, Rekha Chhetri, Ugyen Yangchen, and Sarah J. Halvorson. 2023.
Smallholder Farming and Climate-Smart Agriculture: A View from Pemagatshel Districtv. ISBN : 978-
99936-994-6-0



https://sites.nationalacademies.org/cs/groups/pgasite/documents/webpage/pga_380233.pdf

BH-025: UNDERSTANDING OF SOURCE WATERS AND RECHARGE MECHANISM OF
MOUNTAIN SPRINGS AND STREAMS IN RADHI AND PHONGMEY GEWOGS IN
TRASHIGANG, BHUTAN HIMALAYA

PI: Tshewang Dendup, Centre for Science & Environmental Research, Sherubtse College,
Royal University of Bhutan

U.S. Partner: Fengjing Liu, College of Forest Resources and Environmental Science,
Michigan Technological University, Houghton, Ml

Dates: April 2022 - June 2023

PROJECT OVERVIEW

Mountain springs and streams are primary source water for millions of people in rural communities of
the Himalayas for their drinking, domestic, and agricultural needs. Climate change, population increase,
and economic development are mounting pressures on available water resources from springs and
small streams in the region. A Bhutanese government report has indicated that flows in about 35% of
springs in the country are declining, while 2% of them have completely diminished. Although Bhutan
has high per capita water use capacity, most rivers and streams are inaccessible. Therefore, it is
imperative to gain insights into spring and small stream generation, which is otherwise poorly
understood in the region.

This PEER project sought to provide crucial information on sources and recharge mechanisms of
perennial springs and streams used by local communities, with the aim of developing better water
resources management and evaluation of climate change impacts on the livelihoods of these
communities. The researchers combined field sampling from springs, streams, rainwater, snowmelt,
and soil water with mathematical modeling using stable isotopes and geochemical tracers. The
information from this study was anticipated to support informed decision-making for springshed
management plans and help understand the long-term impact of climate change on the fate of
mountain springs and small streams.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER project focused on two tributary catchments, the streams Yude Ri and Dungju Ri, within the
Gamri watershed in Eastern Bhutan. The researchers conducted a field survey to map the hydrology
and select sample sites. They collected a total of 454 water samples monthly from various sources,
including main streams, tributary streams, springs, natural ponds, rainwater, and soil water, providing
essential data for understanding water dynamics in spring flows. They also measured water level and
stream discharge from August 2022 through January 2023 and identified variations in streamflow, with
the highest flow during the monsoon season and receding flow in the post-monsoon period.

The team’s geochemical analysis of water samples revealed significant variations in solute
concentrations among different water sources, with precipitation showing lower solute concentrations
compared to spring water and soil water. The researchers used End-Member Mixing Analysis (EMMA)
to determine the contributions of various water sources to spring flows. They found that direct
precipitation (snowmelt and rainfall), soil water, and groundwater were the primary sources of spring
flows and quantified their contributions to spring flow for all springs.



The project made substantial contributions to education by offering comprehensive training
opportunities. Participants like Mr. Sonam Tobgay and Ms. Namgay Dema, assistant lecturers in
Chemistry at Sherubtse College, were involved from the project's inception and received specialized
training in various fieldwork techniques and analytical methods. Forest officers and laboratory
assistants also underwent training, while third-year Chemistry BSc students at Sherubtse College
benefitted from supplemental training, enriching their undergraduate program. The project's impact
extended to the design and construction of essential equipment for collecting soil water and
groundwater. These custom-designed tools proved instrumental in practical learning experiences for
first-year BSc in Environmental Science students and found potential utility in Forestry and Agriculture
programs (e.g. soil nutrient analysis of the cropland or forest) within the Royal University of Bhutan.
Additionally, the acquisition of research equipment, including a portable flowmeter and cold storage
refrigerator, ensured long-term benefits. International partnerships were also strengthened. The PI
Tshewang Dendup and co-Pl Dendup Tshering visited their U.S. partner Fengjing Liu in Michigan to
collaborate on data analysis, modeling, and planning for report writing in April 2023, and in June Dr. Liu
paid them a visit in Bhutan, during which he assisted with a training workshop and took part in field site
visits.

Tshewang Dendup and his colleagues presented their preliminary findings presented virtually at the
Assembly of the American Geophysical Union in December 2022, as well as through other workshops.
The PI joined Water Research Bhutan (WRB), an informal scientific society focusing on the promotion of
research and management of water in Bhutan. WRB publishes a monthly technical article in one of the
newspapers in Bhutan, on issues related to freshwater and associated ecosystems, biodiversity, and
hydrogeology, and the PI contributed two articles that closely align with the PEER project.

The Trashigang Forest Division Office, which collaborated on the PEER effort, is piloting a project as
part of an initiative to revive drying water sources in Bhutan. The team shared their findings and
provided basic training to foresters on methods for determining groundwater sources or origins using
geochemical and isotopic tracer techniques, which appears to be effective for such a study in complex
mountain terrain. Although the PEER project ended on June 30, 2023, its impacts continued to be felt
afterwards. The Pl was invited to participate in the national consultative meeting on "Managing
Cryosphere and Water Risks in Bhutan," held August 9-10 in Bhutan. The event was organized by the
National Centre for Hydrology and Meteorology (NCHM), Bhutanin collaboration with the International
Centre for Integrated Mountain Development (ICIMOD) based in Nepal. The PEER team is well
positioned to explore the scope for cooperation with these and other national and international
organizations in the areas of cryosphere analysis, disaster risk reduction, and water resource
management, and they also hope to continue collaborating with Dr. Liu as well.



BH-035: BASELINE DATA FOR FRESHWATER BIODIVERSITY CONSERVATION IN THE FACE
OF CLIMATE CHANGE IN PUNATSANGCHHU BASIN IN BHUTAN

Pl: Tshering Dorji, College of Natural Resources, Royal University of Bhutan

U.S. Partner: Paul Frandsen, Brigham Young University

Dates: April 2022 - June 2023

PROJECT OVERVIEW

Climate change is impacting freshwater biodiversity through higher water temperatures. The impact can
vary over altitude and between streams affected by human disturbance (e.g. agriculture). Conservation
plans for freshwater biodiversity require baseline data like water temperature and air temperature,
water quality parameters, and biodiversity distribution data. Macroinvertebrates (a ubiquitous and
diverse group) are used as model indicators for biodiversity. These indicator organisms are most useful
when identified to species, frequently done with the help of DNA barcoding.

In Bhutan, there had previously been no baseline data available on seasonal water or air temperature
along riparian zones and no comprehensive data on macroinvertebrate diversity along altitudinal
gradients. This PEER project therefore aimed to collect and analyze data on species-level
macroinvertebrate diversity within the Punatsangchhu Basin from both undisturbed (forested) and
disturbed (agricultural) streams along an altitudinal gradient of 3500 meters above sea level (MASL) in
the Bhutan Himalaya. The team built a DNA barcode database of macroinvertebrate specimens, the first
of its kind in the Eastern Himalaya, and a macroinvertebrate reference collection in the laboratory of the
College of Natural Resources, the only institute in Bhutan where conservationists and environmentalists
are trained. Collectively, the findings were anticipated to complement the ongoing efforts by freshwater
ecologists around the world trying to understand the impacts of climate change on mountain stream
biodiversity and provide key data from the Eastern Himalaya for global DNA barcode reference
databases.

Environmental conservation is one of the four pillars of Bhutan’s development philosophy, “Gross
National Happiness.” However, hydropower is the highest revenue earner and subsistence agriculture
the largest employer in Bhutan. Both are directly dependent on freshwater streams and rivers but also
can have negative impacts on river ecosystems. The findings from the project were anticipated to
provide vital data on freshwater biodiversity for the National Biodiversity Centre and other agencies like
National Environment Commission to help frame national policies for biodiversity and ecosystem
conservation. Furthermore, the findings were expected to serve as baseline data for long-term
monitoring of the impact of agriculture on freshwater diversity.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Pl Tshering Dendup and his team completed field visits to selected stream sites, installing
temperature data loggers, and collecting macroinvertebrate samples. Across the visits, they replaced
loggers previously lost in flash floods and relocated others likely to be spotted and taken or that were at
risk of exposure due to drying up of streams or change of stream course. The researchers collected
water and air temperature data for 30 streams for six months. The team also engaged 29 first- and
second-year students from their university and two laboratory assistants to help sort and identify
specimens as part of their hands-on training, completing identification of samples from the orders



Odonata (dragonflies and damselflies), Ephemeroptera (mayflies), Plecoptera (stoneflies), and
Trichoptera (caddisflies), among others. The team DNA barcoded 350 specimens collected in these
streams, providing a solid baseline for future monitoring of climate change and its impact on freshwater
biodiversity.

The Pl visited his U.S. partner in Utah, working at Dr. Paul Frandsen’s laboratory, receiving tailored
hands-on training on DNA barcoding techniques, and participating in in-depth discussions on future
project activities and manuscripts. In addition to the research advances and human capacity
development, the new equipment procured for the project has also benefited undergraduate and
graduate students’ research activities, carrying out their project work related to aquatic ecology.
Although the project has ended the researchers continue analyzing their samples and data and
preparing manuscripts for publication.



BHUTAN - PROJECT 4-187: MONITORING FOREST COVER CHANGES IN BHUTAN
USING LANDSAT DATA IN A CLOUD-COMPUTING ENVIRONMENT

Pl: Kinley Tshering, Ugyen Wangchuck Institute of Conservation and Environment
U.S. Partner: Kevin Megown, Remote Sensing Applications Center (Funded by the
United States Department of Agriculture/ Forest Service)

Dates: November 2015 - September 2018

PROJECT OVERVIEW

The National Forest Policy of Bhutan requires the country to maintain 60% forest cover, but there is
increasing deforestation, degradation, and diversion of forest land due to population and
development pressures. The Bhutanese government has faced challenges in getting reliable estimates
of changes in forest cover over time and keeping track of where actual changes are happening on the
ground. Meanwhile, the expanded availability of satellite imagery has led to an explosion of analysis
algorithms that are based on the pixel rather than global image statistics, making it possible to
examine the state as well as the dynamics of biophysical systems. This pixel-based view of image
processing is a fundamental shift in the way remote sensing analysis is performed.

A key scientific objective of this PEER project was to exploit forest cover-related data for Bhutan in the
Landsat data archive using Google Earth Engine (GEE). This approach had not previously been applied
to detection and monitoring of forest cover change in Bhutan, as well as adjoining countries in the
Hindu Kush Himalayas. Forest cover change is an important indicator for not only ecosystems but also
for livelihood systems in Bhutan because the predominantly rural population still depends directly on
adjoining forests for their daily needs. Spatial and temporal data on changes in forest cover will be key
to ground implementation of policies concerning sustainable development and livelihoods,
management of natural resources, environmental conservation, and ecosystem services, especially in
rural Bhutan.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team produced maps that showed changes in vegetation cover over the years and tracked
incidences of previously unknown vegetation change. Researchers can now easily detect changes in
the density of vegetation, severity of burnt areas, areas infested by pests and diseases, grazing areas,
major landslides, and any other land cover changes. To check the accuracy of their satellite imagery-
based maps, the project researchers undertook ground verification trips to forest management units,
hydropower construction sites, national highway construction sites, landslide areas, quarries and
mining sites, as well as recently burned forest sites.

The project included a significant training component, with two extended visits to the United States by
several team members each time, including not only researchers but also operational staff from the
Bhutanese Department of Forests and Park Services. In November-December 2017, Dr. Tshering and
six colleagues spent two weeks at the Geospatial Technology Applications Center of the USDA Forest
Service in Salt Lake City for a training workshop and study tour. They received training on Google Earth
Engine, learned how to map burn severity, and collaborated with USFS counterparts to develop and
test a forest change detection algorithm for use in Bhutan. They also familiarized themselves with the
operations of the USFS Forest Inventory and Analysis unit. In August 2018, the Pl and three colleagues



returned for another visit with their USFS partners, followed by visits to the Bhutan Foundation in
Washington, DC, and the lab of Dr. Edward Cook at the Lamont-Doherty Earth Observatory of
Columbia University.

The PEER team also organized a Regional Technology Sharing Workshop with participants from
Bangladesh, Bhutan, India, and Nepal. The Pl has won two grants worth a total of $300,000 to carry
forward this PEER project work and a related project on forest fires, as part of a World Bank-funded
project on REDD+ Readiness for Bhutan, and the Bhutan Trust Fund for Environmental Conservation.



CAMBODIA

CAMBODIA - PROJECT C-01: USING 4-S TECHNIQUE TO ANALYZE RURAL INCOME IN
DEVELOPING COUNTRIES

Pl: Sok Serey, Royal University of Phnom Penh; Co-PI: Kim Vandy, Forest, and
Livelihood Organization (FLO)
Project Dates: May 2022 — August 2023

PROJECT OVERVIEW

This PEER project sought to produce a toolkit for analyzing rural income in developing countries
through the 4S problem-solving technique. Organizations and government officers in Cambodia
previously did not have clear guidelines or principles for such analysis. The toolkit is designed to make
the analysis more systematic and scientific. Beyond the research objective, the project was designed
to promote community engagement in academic research. Key stakeholders include commune
councils, community-based organizations (CBOs), and nongovernmental organizations (NGOs). The
team sought to design a toolkit through engagement that would be useful for these stakeholders for
future data collection and analysis of rural incomes.

FINAL SUMMARY OF PROJECT ACTIVITIES

The Pl and his team organized a workshop to collect inputs among staff and the community-based
organizations to prepare the first draft of their toolkit. The researchers also interviewed 800
households across four provinces, working with FLO, a community-based organization in Kratie, and
with undergraduate researchers from the Royal University of Phnom Penh (RUPP) in the three other
provinces (Pursat, Takeo, and Preah Vihear). The undergraduate students, who got involved in their
project because of their interest in community development and engagement, were trained in data
collection techniques. The PEER team analyzed data from these households to inform the toolkit and a
serve as the basis for a future academic article.

Team members also worked with commune and district officers, community-based organization
members, and NGO staffers, including during a field visit where they shared concepts and project
findings with more than 40 district and commune officers. The researchers conducted a third
workshop at RUPP to train on analyzing rural income based on the Toolkit.

The toolkit has been disseminated across Cambodian government agencies (Ministry of Planning;
Ministry of Agriculture, Forestry and Fisheries; Ministry of Environment; Ministry of Education, Youth,
and Sports, Ministry of Culture and Fine Arts; and Ministry of Planning), local and international NGOs,
and academic institutions and is being used as one of the key training tools to analyze rural income,
income inequality, and the poverty line in Cambodia. The team is preparing a paper on their results for
an international journal and a policy paper for a local journal.

The PEER team has received $200,000 through several additional grants, including from the Johns
Hopkins University and Rutgers School of Public Health, to support ongoing work. The PI Dr. Serey also
became a full professor during this project period.



CAMBODIA - PROJECT C-02: IRRIGATION AND NUTRIENT MANAGEMENT FOR
IMPROVING SMALL-HOLDER’S VEGETABLE PRODUCTION IN BATTAMBANG

PI: Nareth Nut, Royal University of Agriculture

Co-Pi: Soth Hong, Department of Agricultural Engineering, General Directorate of
Agriculture, Ministry of Agriculture Forestry and Fisheries

Project Dates: June 2022 — September 2023

PROJECT OVERVIEW

Ang Kamping Puoy Agricultural Cooperative (AKPAC) is located in a rural area facing persistent water
shortages, particularly in the dry season, which has caused poor agricultural productivity. This PEER
project aimed to promote sustainable agriculture practices in the community and learn more about
managing applied nutrients and irrigation properly on the vegetable crops in Battambang Province,
Cambodia. Through the project implementation, a series of training workshops and education related
to sustainable agriculture were introduced in the AKPAC community. The project team conducted a
workshop on irrigation management through drip irrigation and maintenance to inform farmers of the
latest techniques for managing irrigation properly. Irrigation based on actual crop water needs is very
important, particularly in the context of water deficit and climate change.

The use of chemical pesticides and fertilizers is common, and as the AKPAC community is located
upstream of the Ang Kamping Puoy Reservoir, education on sustainable agriculture to the farmers in
the community is very important to reduce the environmental impacts of agricultural farming
practices and minimize contaminants in the water in the reservoir.

The researchers tested conservation agriculture methods and small drip irrigation in the community,
collecting data to understand crop growth and nutrient leakage in the system. This research was
jointly conducted by the PI’s students and community members to enable the community to learn
more about the process of scientific research.

FINAL SUMMARY OF PROJECT ACTIVITIES

The researchers established experimental plots of cherry tomatoes and white cabbage in an open field
near the community leader’s home, testing both conservation agriculture and conventional tillage
methods. Shortly after initial data collection from the experimental plots, however, severe flooding in
the area destroyed the plants. In early 2023, the Pl and team restarted the experimental plots for
cherry tomato cultivation. They were able to collect soil samples to analyze for soil organic carbon
matter, as well as crop data like stem height, diameter, shoot length, number of shoots and branches,
and yield.

The PEER team hosted a series of training and education workshops related to sustainable agriculture
in the AKPAC community, including one on crop irrigation, maintenance, and specific crop water
needs. The team made recommendations regarding the most efficient irrigation amounts for some
popular crops grown in the community, helping farmers to save irrigation water and diesel used for
the water pumps. Other workshops taught farmers how to make compost and environmentally
friendly pesticide alternatives, including safety instructions on preventing pesticide contamination.



Farmers were advised to produce bio-fertilizers and pesticide alternatives to apply to their crops
instead of using chemicals to help save the environment, protect people’s health, and save money.

The AKPAC community has shared the knowledge and experiences they’ve learned as part of the
project with other communities in Battambang, particularly Kantueu Pir Agricultural Cooperative
(KPAC). The team members demonstrated the irrigation system to high school students and teachers
visiting the Faculty of Agricultural Engineering at the Royal University of Agriculture. This project also
supported the research and thesis work of two female students on the team.

PUBLICATION
Sourn, T., Pok, S., Chou, P., Nut, N., Theng, D., & Prasad, P. V. V. (2022). Assessment of land use and

land cover changes on soil erosion using remote sensing, GIS and RUSLE model: A case study of
Battambang Province, Cambodia. Sustainability, 14(7), 4066. https://doi.org/10.3390/su14074066



CAMBODIA - PROJECT C-03: ICT USES FOR INCLUSIVE CASHEW VALUE CHAIN AND
AGRICULTURAL INPUTS IN CAMBODIA

Pl: Nget Raby, Royal University of Agriculture
Co-Pi: Neang Sarin, Department of Argo-Industry
Dates: May 2022 — June 2023

PROJECT OVERVIEW

This PEER project sought to identify and test information and communication technology (ICT)-
mediated initiatives involving farmer-trader credit interactions in villages, specifically in cashew
trading in Cambodia. The researchers used informal discussions with suppliers, traders, and
stakeholders, as well as semi-structured interviews with farmers on land tenure and management,
technology adoption, crop production, sale price, planting advice, technical assistance, market
information, storage, and processing. After analyzing these data to identify problems faced by
farmers, the researchers introduced them to ICT-based solutions that link them with different sources
of information and post products for sale. The team also served as a resource for farmers to consult by
sending photos of problems (evidence of insects, plant diseases, and nutrient deficiencies) and
receiving advice on solutions. The team analyzed the outcome of this intervention through before and
after surveys.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER project team interviewed the community leader in the Krayea community in Kampong
Province, as well as an agricultural inputs supplier, traders, and farmers about problems related to
cashew nut production. They interviewed 52 cashew nut farmers in the study area and found that low
prices and high input costs adversely influenced farmers’ cashew production. There was also price
fluctuation and a lack of multiple market channels to determine prices. Traders took advantage of this,
offering a low price to increase their own profit. The team conducted trainings with farmers in the
area. One set was focused on using apps like Messenger and Telegram to share information among
farmers about prices and sell their products. The second focused on planting techniques, care,
harvesting, and storage to increase cashew nut productivity.

The researchers concluded the project with a field visit after all trainings were completed, conducting
a survey to understand farmers’ perspectives on ICT and price changes for cashews in the community.
The team created three technical reports on their project, trained community leaders on ICT
possibilities, and connected them to agro-industry researchers at the Royal University of Agriculture to
learn more about post-harvest technology.



CAMBODIA - PROJECT C-05: UNDERSTAND THE MANAGEMENT AND SUPPORT FOR
THE ANLONG SVAY PROTECTED AREA COMMUNITY

PI: Samnang Nguon, Ecosystem Services and Land Use Research Center, Royal
University of Agriculture

Dates: May 2022 — June 2023

PROJECT OVERVIEW

The Anlong Svay Protected Area Community is located in the Kbal Tek Commune in the Kampong
Chhnang Province of the Phnom Aural Wildlife Sanctuary. Created by the Ministry of Environment in
2003, the community covers more than 1200 hectares of semi-dense and bamboo forest and includes
four villages. Residents of the community mainly rely on growing rice (through both the paddy and
intercropped chamkar production systems), raising livestock, and harvesting non-timber forest
products.

The Pl and his team carried out a needs assessment to identify the main priorities for the community to
improve its management, focusing on a SWOT (Strengths, Weaknesses, Opportunities, and Threats)
analysis. The team sought to help the community identify the main challenges and highest priorities for
improving their community, as well as provide a training base for the community. The researchers
undertook this assessment through interviewing residents, key persons within the communities, and
tourists in the area.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER team and student interns first visited the Anlong Svay community to meet with local
residents, present the project plan, and interview key stakeholders, including the commune chief,
community heads, and other important community members. With these experiences in mind, the
team reviewed the relevant literature and developed the research questionnaires and methodologies
for the field surveys. The three student interns were trained on formulating, testing, and using
questionnaires, as well as data entry. They, along with the rest of the project team, undertook an initial
round of in-depth interviews with the community members and tourists, then refined the
questionnaires for a second round of interviews. The researchers also held a focus group discussionand
designed another questionnaire to interview community members to understand their perceptions of
community management.

The PEER team presented their initial findings to the local communities. From these findings, they also
developed and hosted three trainings, including on home gardening, production of compost fertilizer
and environmentally friendly alternatives to pesticides, and financial and community management.
They also installed 11 trash bins for waste management in the community and encouraged ecotourism
development in the area.

The project supported the three undergraduate interns in finishing their theses and degrees. Thanks to
the solid foundation built through the PEER project, the team received six additional grants worth a
total of more than $120,000 to support their work.



CAMBODIA - PROJECY C-07: DIAGNOSTIC INVESTIGATION OF WATER EUTROPHICATION
IN STUNG TRENG RAMSAR SITE, CAMBODIA

Pl: Saret Bun, Institute of Technology of Cambodia

Co-Pi: Sothearoth Chea, Yea Catalyst

Dates: June 2022 — August 2023

PROJECT OVERVIEW

The Stung Treng Ramsar Site covers a stretch of approximately 37 km of the Mekong River in Stung
Treng Province, northern Cambodia. The lower boundary of the site is approximately 3-4 km upstream
from Stung Treng town, extending upstream to within 2-3 km of the border with Laos. The total area
of the site is estimated as 14,600 hectares, and it is home to a great diversity of wildlife—mammals,
birds, reptiles, fish, and vegetation. Four critically endangered species have been found in this site:
Irrawaddy dolphin, Sarus crane, Mekong giant catfish, and Siamese crocodile. Many villagers live along
the Mekong River and rely on fisheries and forestry for food security and livelihoods. Recent
development changes, including hydropower plants and shifts in agricultural land use, have posed a
threat to the site’s ecological systems, including dramatic decline in the Irrawaddy dolphin population.
Yet little is known about this area, especially its hydrology—including water quality—and biology.

Having no historical data to track the changes in ecological conditions makes it hard to protect nature
and respond to local disasters. Residents are concerned about algae accumulation, which blooms in
freshwater during warmer weather and slow-flowing river conditions. They are the result of the water
eutrophication process, which occurs through the presence of excessive nutrients in the water stream.
While relevant stakeholders have raised concerns about algae accumulation, no single scientific study
existed on the cause, prior to the current PEER study. This project aimed to investigate the water
eutrophication at Stung Treng Ramsar Site in Cambodia, using a field survey questionnaire, water
quality assessment and algae species identification.

FINAL SUMMARY OF PROJECT ACTIVITIES

Researchers from the PEER project began with an introductory seminar for all project stakeholders,
including rangers, the community fishery chief, and community fishery members from three towns,
gathering their input on specific sites where water sampling would take place. Four discussion groups
covered the community’s perspective on the health of the Mekong River, changes in ecosystems
around the river, changes of land use around the site, and algae blooms at the site. At the end of the
session, the research team demonstrated the water sampling process for the community.

The team also held a community training on the water sampling process and conducted practice
sampling sessions for village members paired with researchers. Participants included eleven residents
from three villages, as well as the staff from My Village organization who also wanted to apply this
type of research in their target community fisheries in Siem Pang Commune.

Researchers collected water samples from nine different sites across four different time periods (both
dry and rainy season) and analyzed them for various chemical and physical properties such as
dissolved oxygen, conductivity, resistivity, salinity, pH, and turbidity. Additional analysis at the



laboratory included total nitrogen, total phosphorus, ammonia, orthophosphate, chemical oxygen
demand, and hardness.

Through surveys of the local communities, the PEER team found that the highest rate of algae bloom
was three years prior to their survey, and most residents considered the bloom harmful to the river.
Almost all surveyed said the most common place to find algae blooms was attached to large stones in
the river. Their water quality findings identified the highest pollution in upstream and downstream
zones during the rainy season and in the upstream and middle stream zones during the dry season.
The PEER team identified algae species found as filamentous species, cyanobacteria, and synedra
species. These types of algae can affect human skin and health through skin absorption and ingestion
pathways, respectively.

The team presented their findings on water analysis and algae species identification at a workshop
attended by members of eight community fisheries from three villages (Koh Snaeng, Phum Thmey, and
Orun) and a local partner from Angkor Meas Stung Treng town. Community members expressed a
desire to continue the project to monitor the algae situation in the area even though the algae level
was decreasing at the time, and they asked the research team to investigate the quality of the drinking
water. The team has received four new grants, worth a total of $43,000, connected to their work
researching water quality.



CAMBODIA - PROJECT 7- 088: RAPID ASSESSMENT OF THE PESTICIDE NETWORK
AND ITS INFLUENCE ON THE USE OF PESTICIDES IN CAMBODIAN AGRICULTURE
Pl: Vichet Sorn, General Directorate of Agriculture

U.S. Partner: Buyung Hadi, International Rice Research Institute (Funded by the
United States Agency for International Development)

Dates: November 2018 - August 2021

PROJECT OVERVIEW

The increasing pesticide use in Cambodia is a widely acknowledged problem, with limited solutions. In
the last decade, pesticides imported into Cambodia increased 285 times, implying a significant rise in
pesticide use. This research aimed to understand the network disseminating information and pesticide-
based technologies and generate insights into how this network spread pesticides in Cambodia. Such
insights can help create targeted interventions for pesticide policy and support Integrated Pest
Management (IPM).

The first objective was to assess the pesticide network in Cambodia in terms of composition, function,
and methods to bring information and products to farmers. This involved identifying stakeholders at
national, provincial, and community levels and understanding the linkages in the innovation system
around pesticides. The second objective was to examine the arrangements and practices in farming
communities that maintained and encouraged pesticide reliance. This included understanding
community-level practices that supported the spread of information on pesticides and promoted
accessibility of pesticide products to farmers. To achieve these objectives, the team mapped the
pesticide network through interviews with representative stakeholders, generating an overview of the
network, its key players, and important linkages. They conducted interviews with key stakeholders to
understand the importation and distribution of pesticides and held focus group discussions with
community-level stakeholders in four Cambodian provinces.

FINAL SUMMARY OF PROJECT ACTIVITIES

The PEER project focused on three main objectives: assessing the pesticide network, testing
management options for fall armyworm (FAW), and conducting regional consultation workshops. To
assess the pesticide network, the team interviewed various stakeholders, including public sector
officials, pesticide importing companies, dealers, and farmers. This assessment aimed to understand the
network's composition, function, and effectiveness in bringing products to farmers.

The researchers discovered that all pesticides in Cambodia are imported, with no local production.
Pesticide importing companies must complete a business registration with the Ministry of Commerce
(MoC) and a process with the Ministry of Agriculture, Forestry, and Fisheries (MAFF) to ensure they can
handle pesticide products. This process is managed by the Department of Agricultural Legislation (DAL),
which coordinates with the National Agricultural Laboratory (NAL) for product testing and the
Department of Plant Protection, Sanitary, and Phyto-Sanitary (DPPSPS) for field tests. After receiving a
permit, companies import pesticides and distribute them to dealers and retailers in the provinces, with
the Provincial Department of Agriculture, Forestry, and Fisheries (PDAFF) responsible for inspections and
enforcement.



Interviews with 57 pesticide companies revealed that these companies sold an average of six different
types of products, with insecticides and herbicides being the most common. Only 6% sold bio-control
agents or products safe for organic farming. The companies generally understood the registration
process and found it relatively easy to navigate. However, a few mentioned difficulties such as
communication with government agencies and high costs. The registration process takes two to four
months, with permits valid for three years, requiring companies to re-register every two years.

The team's experiment on FAW management options during the 2019 and 2020 wet seasons included
treatments such as doing nothing, applying pesticides as per farmers’ practices, applying recommended
pesticides, and using bio-control agents. Results showed lower plant infestation damage scores for
pesticide treatments compared with the control and bio-control treatments. The highest yields were
obtained with specific pesticide treatments, while bio-control treatments showed yields not much
higher than doing nothing.

In conclusion, the research identified a dense network of pesticide industry actors in Cambodia
governed by a policy process for pesticide registration, importation, sale, and use. The connections
between national-level importers and government agencies support local-level actors, including dealers,
retailers, and farmers, facilitating product distribution. However, there is a significant gap in bringing
sustainable products to market. The PEER team held five dissemination meetings in 2021 to brief PDAFF
officials and stakeholders, sharing technical findings and recommendations for greater adoption of
sustainable options. Mr. Sorn was involved in discussions within the government to devolve
responsibility for wholesale and retail pesticide sales permits to the Provincial Administration, aiming to
improve the permit issuance process and compliance monitoring for the pesticide law.



CAMBODIA - PROJECT 7- 086: ESTABLISHING CROPLAND DATABASE IN CAMBODIA
FROM REMOTE SENSING SATELLITE DATA

Pl: Sanara Hor, Royal University of Agriculture

U.S. Partner: Robert Hijmans, University of California, Davis (Funded by the United
States Agency for International Development)

Dates: February 2019 - October 2021

PROJECT OVERVIEW

Agriculture is a crucial sector in Cambodia, contributing more than one-quarter of the country’s gross
domestic product and employing over 8 million Cambodians. Accurate information regarding land use
in a user-friendly format is a valuable tool for farmers and government planners alike. The overall
purpose of this study was to establish a cropland database in Cambodia using remote sensing satellite
data. The specific objectives included (1) identifying appropriate satellite images and derived remote
sensing products for cropland mapping; (2) developing a rapid cropland mapping tool based on cloud
services for multiple time periods; (3) mapping different crop types across lowland and highland
cropland regions; (4) exploring pathways to use the research results and technology to benefit
Cambodian farmers; and (5) strengthening the research capacity of junior Cambodian researchers.

Working in cooperation with their U.S. partners, the principal investigator and his team examined
remote sensing data from multiple sources, including Landsat, MODIS, Sentinel-1, and Sentinel-2, and
selected the appropriate data for estimating cropland area in Cambodia based on availability,
coverage, and cost. They compiled the data into a database covering specific sites representing
complex cropping practices ranging from lowland to upland regions in the provinces around Tonle Sap
Lake. The team presented their results to various stakeholders through training programs, seminars,
and lectures. The results and findings from the project were also incorporated into the teaching
curriculum at the Royal University of Agriculture (RUA).

In the past, cropland mapping had been unavailable to countries like Cambodia due to cost. This
project provided an inexpensive means to map and monitor cropland from satellite images. The
research also provided basic cropland data that could be used in subsequent analyses, such as crop
yield estimations or environmental impact assessments, enabling better agricultural planning. Rapid
crop mapping and measuring also supported the implementation of crop insurance products in
Cambodia, benefiting farmers at risk of extreme weather events. Additionally, the project facilitated
better land use management, benefiting government officials from various departments. The team
conveyed the results to them interactively, using overlays in Google Maps, to assist in their planning
efforts and encourage the diversification of agricultural land uses.

FINAL SUMMARY OF PROJECT ACTIVITIES

The project was completed with a significant effect on professional education on land management
and land administration in Cambodia. The PI Dr. Hor reports that the project’s most significant
achievement has been the introduction of remote sensing technology and related analytical
methodology for students in the BSc program in the Faculty of Land Management and Land
Administration at RUA. Currently, BSc students are required to achieve 146 credits to graduate within
4 years. Within that total of 146 credits, Dr. Hor and his team offer 27 credits of courses on land use



survey, remote sensing, GIS, photogrammetry, cartography, geodesy, and data application. Using the
methods and technology included in this PEER project, they improved the remote sensing and
photogrammetry courses with a total of 6 credits. Project team member Dr. Pok Sophak used the data
collected in the project as an example for his students to use in learning to classify images from
Sentinel-2 and Landsat. As of early 2022 when the project ended, there were 183 students who had
benefitted from the newly updated course. The new training program created under this project is
available not only to students but also to faculty members, and eight faculty members have enrolled
in MSc or PhD programs at RUA after being involved in the project.

RUA has seen a dramatic increase in the number of students enrolling in the Faculty of Land
Management and Land Administration over the past several years. In 2016, 72 students enrolled for
BSc program, but in 2020 there were 183 newly enrolling students. Hence, long-term investment
focusing on professional education on land management and land administration should be a priority.
To achieve program accreditation, infrastructure, laboratory, and human resources are crucial. In
particular, improved computer lab infrastructure with hardware capable of handling graphic analysis
and big data is essential.

Based on the team’s research results, the General Department of Geography and Cadastral, Ministry
of Land Management, Urban Planning, and Construction, Cambodia, introduced Dr. Hor to Dr. Andrew
Coote, a consultant for the World Bank, to discuss the Geospatial Information Framework, which the
Bank is planning to introduce to the Cambodian government. Recently, Dr. Hor also reports that
several private sector representatives, particularly from the agriculture sector, visited RUA to learn
more about the team’s geospatial technology and see if it might be suitable to meet their needs.
While pursuing these future opportunities, Drs. Hor and Pok have also received a new grant to support
a project entitled “Crop simulation model for improving and supporting crop production using GIS and
remote sensing application to influence on Cambodian economic changes.” This research aims at
enhancing sustainable and efficient production of crops in Cambodia through integration of crop
simulation models with GIS/remote sensing applications. The grant, in the amount of $54,000, is a
part of RUA’s Higher Education Improvement Project, which is sponsored by the World Bank.

Dr. Hor reports that by implemented this project, he and his team have established a network working
on remote sensing for spatial science. The members are primarily staff from Cambodian government
agencies, which are potential partners that can put the research results into practice to support local
people. For example, the most significant project is collaboration between the Department of
Agricultural Land Resources of the General Department of Agriculture, which is interested in spatial
science for mapping agricultural land suitability. The PEER team is providing the huge spatial dataset
for GIS to apply land suitability assessment in the future.

PUBLICATIONS

Iwahashi, Y., Ye, R., Kobayashi, S., Yagura, K., Hor, S., Soben, K., and Homma, K. (2021). Quantification
of changes in rice production for 2003—2019 with MODIS LAI data in Pursat Province, Cambodia.
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Open Data
Data from the project are included in the Rural Household Multiple Indicator Survey (RHoMIS) of

35,713 farm households in 32 countries, available at
https://dataverse.harvard.edu/dataset.xhtmli?persistentld=doi:10.7910/DVN/TFXQJN



CAMBODIA - PROJECT 7-85: CLIMATE CHANGE IMPACT ON RICE YIELD AND FOOD
SECURITY IN THE RIVERINE COMMUNITIES IN CAMBODIA

Pl: Serey Sok, Royal University of Phnom Penh

U.S. Partner: Aniruddha Ghosh, University of California, Davis (Funded by the United States
Agency for International Development)

Dates: November 2018 - October 2021

PROJECT OVERVIEW

This research project focused on assessing the impacts of climate change on rice yield, leading to food
insecurity in Cambodia. Climate change contributes directly or indirectly to declines in rice yield,
exacerbating food insecurity. The vulnerability of agricultural systems to extreme climate events is
often tied to the adaptive capacity of local farmers. Therefore, improving local adaptive capacity is
crucial for sustaining the rural livelihoods of riverine communities in Cambodia. The researchers
conducted this project to build upon statistical and geospatial modeling techniques, using information
from various sources of secondary data and fieldwork at national and provincial levels, particularly
through interviews with key informants. This research combined conceptualization with empirical data
through statistical analysis and Geographic Information Systems (GIS) to assess the negative impacts
of climate change, leading to declines in rice yields and increased food insecurity. It also involved
interviews with local people and officials from government agencies and NGOs, an extensive literature
review, and case studies.

Previous studies focusing on Tonle Sap Lake had mostly been conducted by regional and international
organizations. While these findings were broad, they did not always comprehensively fit the
Cambodian context. Domestic institutions had often been the subjects of project evaluations or
assessments, but this study was led by a local Cambodian academic researcher. He and his team
engaged a wide range of stakeholders, including regional and national experts, local villagers, and
representatives of government agencies and NGOs throughout various stages of the project.
Consultative meetings were organized to facilitate interaction among stakeholders, present
preliminary findings, collect feedback, and discuss policy applications and future planning. This
development dialogue among stakeholders was critical for bridging gaps between academic research,
planning, and policy implementation.

FINAL SUMMARY OF PROJECT ACTIVITIES

The results of this three-year project, which ended October 31, 2021, fall into three main categories:
(1) publications, (2) course integration, and (3) sharing of lessons learned and best practices among
practitioners. On the first, one paper (see citation below) was published in the journal Sustainability in
August 2021. In it, Dr. Serey and his co-authors adopted the United Nations risk assessment
framework “interaction of vulnerability factors” to assess the vulnerability of rice farmers in the Tonle
Sap and the Mekong River Basin to climatic hazards in Cambodia as they tend to be aligned with
disaster risks. The findings covered in the paper provide insights into the negative impacts of climate
variability on riverine communities that are reliant on rain-fed rice cultivation. The study addresses a
gap in the literature by contributing a comparative empirical study on the vulnerabilities of rice
farmers in the Tonle Sap and the Mekong River Basin to climate variability and the adaptation and
resilience strategies applied in response. Identification of attributes for the four types of the
vulnerability outlined further requires a highly participatory approach involving all the key
stakeholders. The authors argue that this framework is also applicable for other riverine communities
in Mekong countries such as Laos, Vietnam, and Thailand, where climatic hazards are also associated



with disaster risks. In addition, adaptation measures by local authorities at commune and district
levels require long-term integrated water resources management approaches to mitigate these
negative impacts collectively. Regarding course integration, the Pl reports that he has incorporated his
experience and findings from the PEER-supported fieldwork into teaching his students at the
bachelor’s, master’s, and PhD levels. In addition, a master’s student in biodiversity is using some data
collected under this project for his thesis.

As for sharing lessons learned and best practices among practitioners, Dr. Serey has been invited
frequently by various NGOs in Cambodia to give talks, especially online, during the COVID-19
pandemic. In late December 2021, has been invited by local NGOs to share with university students
the findings of his research on the impact of climate change, adaption, and resilience in communities
along the Mekong River. All of his master’s and PhD students hold positions as officials of NGOs,
international organizations, and Cambodian government agencies, which has greatly facilitated
sharing of the findings of this research with key stakeholders for planning and policy applications. In
addition, Dr. Serey presented a paper on the impact of climate change on food security at the
Mekong-U.S. Partnership Track 1.5 Policy Dialogue on October 22, 2021.

Dr. Serey and his colleagues are continuing their efforts even now that PEER support has ended. As of
December 2021, they were analyzing data and writing a manuscript based on the Rural Household
Multi-Indicator Surveys (RHoMIS) data they collected in Battambang, Pursat, Prey Veng, and Kompong
Cham provinces. They are also writing another paper on the impact of the COVID-19 pandemic on
food security in different geographical regions of Cambodia. A book chapter co-authored by the Pl is
also expected to appear in 2022 (see below).

PUBLICATIONS

Sok, S.; Chhinh, N.; Hor, S.; Nguonphan, P. Climate Change Impacts on Rice Cultivation: A Comparative
Study of the Tonle Sap and Mekong River. Sustainability 2021, 13, 8979.
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“Remote sensing of agriculture in South-Southeast Asia: land use and changes” in Productivity,
damages, and losses of rice in Cambodia: past, present and future trends in the Mekong and Tonle Sap
regions, edited by Krishna Vadrevu, Thuy Le Toan, Shibendu Shankar Ray, and Chris Justice. Springer
(in press).



CAMBODIA - PROJECT 7-80: GIS BASED WEATHER, SOILS, LAND USE AND AGRICULTURAL
MANAGEMENT DATABASE IN CAMBODIA

PI: Nareth Nut, Royal University of Agriculture

U.S. Partner: Gilbert Sigua, Agriculture Research Service Coastal Plains Soil, Water, Plant
Research Center (Funded by the United States Department of Agriculture/ Agricultural
Research Service)

Dates: February 2019 - July 2021

PROJECT OVERVIEW

Because several of Cambodia’s agricultural areas have degraded soils, the country is pursuing
sustainable agriculture to conserve and improve soil quality. In partnership with U.S., French, and
Brazilian researchers, local Cambodian scientists developed technologies that enhanced soil quality and
intensified the production of upland grain, tuber, vegetable, forage, and lowland rice crops under
conservation agriculture. The PEER-supported research project aimed to evaluate the capacity of the
Soil and Water Assessment Tool (SWAT) to predict soil carbon sequestration in conservation agriculture
systems compared with traditional farming systems. The project also established a GIS-based weather,
soil, land use, and agricultural management database housed in a central location to help global users
predict environmental degradation from current practices. SWAT was used to simulate environmental
and economic benefits for Cambodia if sustainable intensification practices like conservation agriculture
were promoted by the government and private industry.

With PEER support, Cambodian researchers collaborated with their U.S. partner to gather and format
inputs for SWAT simulation, including digital elevation maps and data on climate, soils, land use, crops,
agricultural management, and fertilizers. The results of the simulations were compared with measured
data to assess their reasonableness. The U.S. partner provided technical expertise and access to
equipment and laboratory instruments for analyzing water, soil, and plant samples. The project
improved agricultural management practices in Cambodia and provided synthesized data useful globally.
Capacity building for faculty members of the Royal University of Agriculture was enhanced through
training and implementation activities. The GIS-based digital data allowed research using SWAT to
analyze the impact of deforestation and agriculture on the Mekong River's natural flows. Different
sustainable intensification production systems were recommended, and environmental conservation
was simulated using SWAT, linking predictions to food production, improved yield and income, and the
community's capacity to meet its food needs.

FINAL SUMMARY OF PROJECT ACTIVITIES

By the time this two-and-a-half-year project ended in July 2021, the Pl Mr. Nareth Nut reported many
achievements, mainly in terms of capacity building to himself and his students on SWAT and APEX
modeling and dissemination of the project results through various national and international
conferences or meetings. Ten undergraduate students worked on the project and four graduate
students (two males and two females) involved in the project successfully defended their theses in
January 2021 under the PI's supervision. One more Master’s student whose research focused on
building a SWAT model of the Tonle Sap Basin was scheduled to defend his degree research in
September 2021. Although the project has ended, the undergraduates continue to apply the SWAT and



APEX models in the Tonle Sap Basin and other parts of Cambodia. Furthermore, the Pl is currently a
Ph.D. student at the Royal University of Agriculture, and he will integrate the SWAT application in his
dissertation.

As part of their efforts to scale up the concept of modeling (SWAT and APEX) to compare and predict the
environmental impacts of two management practices (traditional farming and conservation agriculture
in Cambodia), the Pl teamed up with other universities, government agencies, and international
development organizations, including Kansas State University (KSU), the French Agricultural Research
Centre for International Development (CIRAD), Swisscontact, the Swiss Federal Institute of Aquatic
Science and Technology (Eawag), the Institute of Technology of Cambodia (ITC), University of
Battambang (UBB), and French National Research Institute for Sustainable Development (IRD) to
prepare a concept note to submit for further funding. They submitted a pre-proposal in response to a
call from a Swiss-supported grants program called TRANSFORM. Although the pre-proposal was among
the 9 of 90 selected to advance to the full proposal stage, the project was not funded. The various
partners involved remain in contact to seek alternative funding sources.

In terms of research findings, the PEER team found that there is a high risk of soil erosion mainly in the
agricultural fiel