
1

Sandra A. Cauffman

Acting Director

Earth Science Division

March 26, 2019

Overview for CESAS



Measuring

Understanding

Delivering Societal

Benefit

2



Earth as a Complex Inter-related System

Earth System Science: Requires quantitative understanding of interactions between processes in 
order to define the Earth system ςnonlinearities link spatial and temporal scales 3



Develops and demonstrates technologies for future 

satellite and airborne missions: Instruments, Information 

Systems, Components, InSpaceValidation (cubesatand 

small-sat form factors).

Develops, tests, and supports innovative uses of Earth 

observations and scientific knowledge to inform private and 

public sector planning, decisions, and actions.  Activities 

include disaster response support and capacity building.

Flight (incl. Data Systems)

Develops, launches, and operates NASAôs fleet of Earth-

observing satellites, instruments, and aircraft. Manages 

data systems to make data and information products 

freely and openly available. 

Research & Analysis

Supports integrative research that advances knowledge 

of the Earth as a system. Six focus areas plus field 

campaigns, modeling, and scientific computing.

Technology Applied Sciences

NASA Earth Science Division Elements
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Earth Science Overview
Strategic Objective 

ÅAdvance knowledge of Earth as a system to meet the 

challenges of environmental change and to improve life on our 

planet

Major Activities 

Å Build and operate Earth observing satellite missions, many with 

international and interagency partners (e.g., NOAA, USGS)

Å Conduct and sponsor cutting-edge research 

Å Field campaigns and airborne missions to complement satellite measurements

Å Analyses of NASA and non-NASA mission data

Å Modeling

Å Make high-quality data products available to broad science, applications, 

and private sector communities, and to other federal and local 

government agencies

Å Develop and demonstrate applications delivering societal benefit, and 

build user capacity

Å Advance Earth observation technologies, including development and 

demonstration of science-focused CubeSat/SmallSat instrumentation and 

constellations
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Earth Science
ÅCompletes 15 orbital Program of Record missions/instruments 

identified and recommended by 2007 Decadal Survey and 

emphasized in the 2017 Decadal Survey

ÅIncludes robust SmallSat/CubeSat programs for science and 

technology development 

ÅImplements Decadal-recommended Flight/Technology activities 

and funds Earth Venture-Continuity program 

ÅConducts pre-formulation Decadal mission/observing system 

studies for Designated Observables in preparation for Decadal 

wedge, opening in FY 2021

ÅProvides substantial support to National and cross-agency 

satellite programs and international partnerships, including 

LandSat

ÅExpands commercial/private sector integration through 

SmallSat Constellation Data Buy, commercial hosting in GEO 

and LEO, Google/Microsoft/Conservation International partners



NASA/ESD Funding/Appropriation

Å FY19 (1 Oct 2018 ï30 Sept 2019) funding ïappropriated via an Omnibus ïis at $1.931B

Å Budget supports continuation of a balanced ESD portfolio
Å Funding for all remaining elements of the ongoing Flight Program of Record
ÅContinues operations and development of Program of Record

Å Landsat-9 remains on-track for 12/2020 launch; NASA portion of Sustainable Land Imaging 
Program funded

Å Venture-Class remains fully funded and on-track for planned solicitations and selections
Å Applied Sciences and Earth Science Technology Office programs flat-funded, including 

InVEST CubeSat validation program
Å Small-satellite Constellation Data Buy Pilot funded

Å The budget is consistent with, and partially addresses, the 2017 Decadal Survey 

recommendations
Å Supports DO study activities, EVC-1 solicitation, and incubation planning

ÅPresidentôs FY20-24 detailed budget proposal released March 11, 2019
Å Proposes FY20 ESD funding at ~$1.78B
ÅContinues to propose termination of PACE and CLARREO-PF
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Earth Science Budget Features

Whatôs Changed
ÅNew Decadal Incubation project within ESTO

ÅInitiated Earth Venture Continuity strand within Venture Class

Å4 new DO studies within Decadal Survey

ÅTROPICS instrument confirmed as build to storage

ÅSelection of EMIT and PREFIRE instruments within Venture Class

Whatôs the Same
ÅSupports recently launched missions GRACE FO, ICESat-2, GEDI; ESD now operating 

20 on-orbit missions

ÅSWOT, NISAR, Sentinel-6, Landsat 9, TEMPO, GeoCarb, and MAIA remain on schedule 

for launch in budget window

ÅMaintains regular cadence of Venture Class missions and instruments solicitations

ÅHealthy research and applied science programs, SmallSat/CubeSat investments, and 

commercial data buy activities

ÅAs in FY 2019 Presidential Budget Request, terminates PACE and CLARREO 

Pathfinder



(Pre)Formulation

Implementation

PrimaryOps

Extended Ops

ISS Instruments

LIS, SAGE III, 

TSIS-1, OCO-3, ECOSTRESS, 

GEDI, EMIT

InVEST/CubeSats

RAVAN 

RainCube

TEMPEST-D

CubeRRT

CSIM 

CIRiS

HARP 

SNoOPI

HyTI

CTIM

TACOS

NASA Earth Science 
Presidentôs Budget Request (March 2019)

Landsat 9

NI-SAR 

SWOT

TEMPO

GRACE-FO (2)

ICESat-2

CYGNSS (8)

NISTAR, EPIC

(DSCOVR /NOAA)
Landsat 7

(USGS)

Terra

Aqua

CloudSat

CALIPSO

Aura

SMAP 

Suomi NPP 

(NOAA)

Landsat 8

(USGS)

GPM

OCO-2

Sentinel-6A/B

MAIA

GeoCARB

TROPICS (12) 

SORCE,

TCTE (NOAA)

OSTM/Jason-2 (NOAA) 

JPSS-2 Instruments

OMPS-Limb

03.18.19

PREFIRE (2)

TSIS-2 



CYGNSS (8)

NISTAR, EPIC

(DSCOVR / NOAA)

Landsat 7

(USGS)

Terra

Aqua

CloudSat

CALIPSO

Aura

SMAP

SuomiNPP 

(NOAA)

Landsat 8

(USGS)

GPM

OCO-2

OSTM/Jason-2

(NOAA)

SORCE,

TCTE (NOAA)

ISS: LIS, SAGE III, TSIS-1, ECOSTRESS, GEDI

NASA Earth Science 
Current OperatingMissions

International Collaborations

InVEST/CubeSats

RAVAN 

RainCube

TEMPEST-D 

CubeRRT

CSIM 

03.18.19

GRACE-FO (2) 

ICESat-2



Recent and Near-Term Planned ESD Launches (1 of 2)

TSIS-1: DEC 15, 2017 GRACE-FO: May 22, 2018 ECOSTRESS: June 29, 2018

TSIS-1 The Total and Spectral Solar Irradiance Sensor(TSIS-1) is measuring the total amount of sunlight that 

falls on Earth, and how that light is distributed amongthe ultraviolet, visible and infrared wavelengths.

GRACE-FO Obtaining high resolution global models of Earth's gravity field, including how it varies over time

ECOSTRESSProvidinginsight into plant-water dynamics & how ecosystems change with climate via high 

spatiotemporal resolution thermal infrared radiometer measurements of evapotranspiration (ET)



OCO-3

Investigate important questions about the distribution of carbon dioxide on Earth as it relates to 

growing urban populations and changing patterns of fossil fuel combustion. 
OCO-3

ICESat-2: Sep 15, 2018 

April 2019

GEDI: Dec 5, 2018

ICESat-2 Quantifyingpolar ice-sheet contributions to sea-level change & measure vegetation canopy 

height as a basis for estimating large-scale biomass and biomass change

GEDI Characterize the effects of changing climate and land use on ecosystem structure and dynamics, 

providing the first global, high-resolution observations of forest vertical structure

Recent and Near-Term Planned ESD Launches (2 of 2)



ÅEarth Science Decadal Survey, ñThriving on Our Changing Planet,ò received 

January 2018

ÅLaunched Gravity Recovery And Climate Experiment (GRACE)-Follow On mission 

on May 2018 and ICESat -2 in September 2018

ÅLaunched two instruments to ISS
Å ECOSTRESS ïJune 2018

Å GEDI ïNovember 2018

ÅLaunched four CubeSat missions 
Å TEMPEST-D ïJuly 2018

Å CubeRRT ïJuly 2018

Å RainCube ïJuly 2018

Å CSIM-FD ïDecember 2018

ÅTwo Earth Venture Instruments selected in 2018: Polar Radiant Energy in the Far 

Infrared Experiment (PREFIRE) and Earth Surface Mineral Dust Source 

Investigation (EMIT) 

ÅLandsat-9, NASA and USGS partnership, November 2021 reflects the agency 

baseline commitment made at the Key Decision Point-C review December 2017; 

on track to launch December 2020

ÅConducted 14 oceanic and terrestrial airborne field campaigns in four continents

ÅNASA and USAID awarded a new SERVIR Amazonia hub serving South America 13

Major Recent Accomplishments FY18-19
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Planned Accomplishments FY19-20

ÅImplementation of Earth Venture Continuity recommendation from the Decadal 

Survey through the first selection

ÅSelection of Earth Venture Instrument-5 project in late FY 2019, Earth Venture 

Continuity-1 project in early FY 2020

ÅInitiation of Earth Venture Sub-Orbital-3 campaigns through out  FY 2019 and 

FY 2020

ÅComplete System Integration Reviews (SIRs) for Landsat 9, SWOT, Sentinel-

6A and NISAR

ÅLaunch four InVEST CubeSats: HARP (3U), CIRiS (6U), CTIM (6U) and HyTI

(6U) in FY 2020

ÅNASA to select the next Health & Air Quality Applied Sciences Team with rapid 

result projects in collaboration with businesses and state and local 

governments

ÅNASA/USAID SERVIR Amazonia Hub to have its first full year of activities and 

operation



NASA Portfolio Balance

Earth Science research: maintain at 22-26% of the budget

Includes 18% for openly competed research and analysis

Includes approximately 3% each for computing and 

administration

Applications program: maintain at 2-3% of the budget

Technology program: increase from its current 3% to about 5%

Flight programs, including Venture: maintain at 50-60% of the 

budget

Mission Operations: maintain at 8-12% of the budget
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NASA Observing System INNOVATIONS



EVS

Sustained Sub-Orbital 

Investigations

(~4 years)

EVM

Complete, self-

contained, small 

missions

(~4 years)

EVI

Full function, facility-class 

instruments Missions of 

Opportunity (MoO)

(~3 year)*

EVC (New)

Full Missions or Missions of 

Opportunity (MoO) for 

measurement continuity

(~3 years)

Open solicitation - In 

Review

Completed solicitation

Earth Science Divisionôs Venture Opportunities

Mission Mission Type
Release 

Date

Selection 

Date
Major Milestone

EV-1, aka EVS-1 5 Suborbital Airborne Campaigns 2009 2010 N/A

EVM-1, CYGNSS Smallsat constellation 2011 2012 Launched Dec 2016

EVI-1, TEMPO Geosynchronous hosted payload 2011 2012 Delivery NLT 2017

EVI-2, ECOSTRESS 

& GEDI

Class C & Class D ISS-hosted 

Instruments
2013 2014 Delivery NLT 2019

EVS-2 6 Suborbital Airborne Campaigns 2013 2014 N/A

EVI-3, MAIA & 

TROPICS

Class C LEO Instrument & Class D 

Cubesat Constellation
2015 2016 Delivery NLT 2021

EVM-2, GeoCarb Geostationary hosted payload 2015 2016 Launch ~2021

EVI-4, EMIT, 

PREFIRE
Instrument Only 2016 2017 Delivery NLT 2021

EVS-3 Suborbital Airborne Campaigns 2017 2018 N/A

EVI-5 Instrument Only 2018 2019 Delivery NLT 2023

EVC-1 Radiation Budget Measurement 2018 2019 Delivery NLT 2024

EVM-3 Full Orbital 2019 2020 Launch ~2025

EVS-4 Suborbital Airborne Campaigns 2021 2022 N/A

EVI-6 Instrument Only 2020 2021 Delivery NLT 2026

EVC-2 Continutity Measurment 2021 2022 Delivery NLT 2027

* Previously ~18 
months; now 
alternating with 
EVC



GEDI ςForest Canopy Profile and Waveforms

Image Credit: Michelle Hofton(UMD) , Bryan Blair (NASA/GSFC) & Ralph Dubayah (UMD)

V
e

rt
ic

a
l S

tr
u

ct
u

re
 (

m
)



ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station 
(ECOSTRESS) 

Surface-temperature patterns in Los Angeles County. 



Evapotranspiration over Garden City, Kansas USA | Center pivot irrigation dominates the 
landscape with circular patterns distributed across this Kansas community. Blue circles and 
squares indicate recently irrigated fields.



June - 2018

July - 2018

November - 2018

December - 2018

January - 2019

Observed Greenland mass loss slow 

down in 2018 is consistent with 

observations from Oceans Melting 

Greenland (OMG) investigation.

GRACE Follow -On

ÅFormal transition to science phase on Jan. 28, 2019

ÅCollecting monthly science data, demonstrating 

continuity with 15-year record from GRACE

ÅInitial results are providing new insights

ÅGRACE-FO performance meets the Level 1 science 

and technology requirements

GRACE Dec-2012:

mass loss acceleration

GRACE-FO Dec-2018:

mass loss slow down

Observed Greenland mass loss slow 

down in 2018 is consistent with 

observations from Oceans Melting 

Greenland (OMG) investigation.
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B. Smith, U. 
Washington

First three weeks of observations over Antarctica



Sinéad L. Farrell, University of Maryland

Iceberg surface features

local sea 

level
sea 

ice
123 

ft.

Weighing an Iceberg from Space

Weddell SeaA68 is largest 

iceberg in 

Antarctica (about 

the same size as 

Delaware)

It calved from 

Larsen C ice shelf 

in July 2017

ICESat-2 

Track

Sentinel-1B 

(2018-11-23)

Height 

profile 

(below)

ICESat-2 

precisely 

measured A68 

in Nov. 2018 

(below)

A68A weighs 

~2 trillion 

tonnes! 

A68A ice 

volume 

enough to fill 

Lake Erie, five

times!



Coast of California- built 

structures and vegetation

Lori Magruder, University of Texas at Austin
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Adrian Borsa, SIO

Adrian Borsa, UCSD-Scripps



NASA Small-Satellite Programs

ESD is pursuing a rich program of orbital missions using small satellites

Å CYGNSS (Cyclone Global Navigation Satellite System): homogeneous tropical constellation 

of 8 micro-satellites using reflected GPS to measure surface winds/air-sea interactions, 

especially valuable/unique in the precipitation-dominated, dynamic, eyewalls of tropical storms 

and hurricanes ïfrequent tropical sampling from 1 orbit plane   SCIENCE

Å TROPICS (Time-Resolved Observations of Precipitation structure and storm Intensity with 

a Constellation of Smallsats): homogeneous tropical constellation of 6 CubeSats to measure 

atmospheric profiles in storms/hurricanes ïfrequent sampling from 2-3 orbit planes  SCIENCE

Å PREFIRE (Polar Radiant Energy in the Far Infrared Experiment):  2-satellite CubeSat 

constellation to measure Far-IR emissions primarily from the Arctic SCIENCE

Å In-Space Validation of Earth Science Technologies (InVEST): on-orbit CubeSat-based 

technology validation and risk reduction that could not otherwise be fully tested using 

ground/airborne systems TECHNOLOGY

Å Venture Class Launch Services:  Investment in new, low-cost (<$15M/launch), commercial 

launch vehicles capable of orbiting small payloads to LEO ïscience control of launch schedule 

and orbits   ENABLING

26



Private Sector Small-Satellite Constellation 
Pilot 

Present ESD funding opportunities for use of Small-Satellites and resulting data 

Earth VentureïMission and ïInstrument programs:  Science-driven, PI-led, cost/schedule 
constrained, competitively selected, frequently solicited (every 4 years for EVM, every 18 
months for EVI); proposals using small-sats have been selected for both EVM and EVI

InVEST:  Competitively selected spaceborne technology validations that must use small-sats
or cubesats; 3-year solicitation cadence, frequent launch opportunities using NASA CSLI 
and VCLS

R&A and Applications ROSES calls:  R&A and Applied Sciences competitive research calls 
are data-source agnostic ïuse of measurements and information from small-satellite 
systems/constellations is welcomed if their scientific and applications value to the research 
is justified in the proposal

Earth Observations from Private Sector Small Satellite Constellations Pilot:  Data buys of 
existing data products related to ECVs, derived from private sector-funded small-satellite 
constellations (3-satellite minimum constellation, full longitude coverage); for evaluation 
by NASA researchers to determine value for advancing NASA research and applications 
activities and objectives; pilot buys in 2018

27



Private Sector Small-Satellite Constellation Pilot - Update

Have signed contracts with three companies to buy existing data products related to ECVs, derived from 

private sector-funded small-satellite constellations (3-satellite minimum constellation, full longitude 

coverage); for evaluation by NASA researchers to determine value for advancing NASA research and 

applications activities and objectives; 

Planet ïthree satellite constellations including 200+ satellites supplying imagery and derived products 
over the entire Earth

DigitalGlobe ïoperates five satellite constellations that provide very high-resolution (31-50-cm) 
images

Spire ïconstellation of 48 satellites collecting Radio Occultation soundings and ship reports

May provide a cost-effective means to augment and complement the suite of Earth Observations

Have identified a broad set of ESD-funded researchers who will be supported to assess the value of 

the geophysical information in the data products for advancing NASA research and applications 

objectives
1 year evaluation period
Participants primarily chosen from existing ESD-funded community ïevaluation support as budget 

augmentation
Written reports to ESD (not scientific papers)
Quality of geophysical information
Data availability (latency) and subdistribution rights vs. cost
Vendor plans for constellation maintenance/evolution
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NASA-USGS Interagency Partnership
- NASA:  Space Segment and Launch
- USGS:  Operations & Data Processing/Distribution





R&A Selected Highlights
Field Work

Å 2019 - Cloud and Aerosol Monsoonal Processes Expôt(near Philippines); Firex-AQ (Idaho, Kansas, California/with NOAA); 

HyspIRI (Europe), Operation Ice Bridge (Arctic, Antarctic), ABoVE (Alaska/NW Canada), DAWN/HALO test flights (CA) 

New Competed Science Programs (many ROSES calls)

Å Selected next round of Earth Venture Suborbital (5 campaigns, most for 5 years), next round of MEaSUREs data set 

preparation tasks (5 years), competed science teams for PMM, CYGNSS, SAGE III, DSCOVR, open solicitation for 

ECOSTRESS ; selected new round of US Participating Investigators for US scientist engagement in foreign missions 

Modeling and Data Assimilation 

Å All-sky microwave radiances from the GPM GMI instrument were introduced into the 4D assimilation system, resulting in 

improved analyses in and around cloudy regions

Å NOAA-20 data (CrIS, ATMS, and OMPS) introduced into the GEOS analyses

Å GEOS model is transitioning to include a new scale-aware representation of physical processes alongside the FV3 

dynamical core

Å GEOS CF (Composition Forecasting) is going live in March 2019, producing daily 25-km resolution analyses and forecasts 

for air quality etc. 

Å GEOS S2S system has been used to demonstrate for the first time the benefits of Aquarius and SMAP Sea-Surface 

Salinity observations on seasonal predictions of El Nino (this will transition to the next upgrade to the production version of 

GEOS S2S (in about 9 months)

Enabling Capabilities

Å Advanced next-generation space geodesy network: installed new 12m Very Long Baseline Interferometry (VLBI) antenna 

at McDonald Observatory (TX); completed first dome for next-generation laser ranging stations 

Å Built the third modular computing facility at ARC and expanded SMDôs supercomputing capacity to19.5 pflops; expanded 

capacity at NCCS to 6.7 pflops.

Å Completed the installation and dedication of two GOES Rebroadcast receiving antennas for GOES-16 and 17. Began 

serving GOES geostationary observation data to NASA Earth science research community.



Harvest

Food Security and Agriculture 

Consortium led by UMdto advance 

uses of Earth obsfor humanitarian 

pursuits, domestic economy, and 

resilience in food systems globally 

and in the U.S.

SERVIR 

New Amazonia regional hub for South 

America is planned to open in Spring.

Solicitation for 3rd SERVIR Applied 

Science Team with start in Oct. 2019.

ARSET Trainings

New professional-level hands-on 

trainings on remote sensing for risk 

assessment, disaster scenarios, and 

Black Marble VIIRS Nighttime Data.

DEVELOP

New collaboration with LenfestOcean 

Program for projects on marine and 

coastal management issues.

Water Resources, Disasters, 

Health & Air Quality, and 

Ecological Forecasting 

New projects commence in all four 

applications areas. New efforts for 

greater replication of applications. 

Missions & Applications  

New efforts to engage applications 

communities early in satellite mission 

planning to further increase utility.

Communications

Full-scale implementation of new 

comms. plan with blend of technical, 

narrative, and personal stories.

A P P L I C A T I O N SA R E A S |  M I S S I O N S U P P O R T | C A P A C I T Y B U I L D I N G

Impact Assessments

VALUABLES Consortium conducting 

economic studies on Earth science; 

also arranging venues for Earth 

scientists wanting to learn about 

policy and economic terms/methods.

http://AppliedSciences.NASA.gov

Applied Sciences Program: Selected 
Highlightsï2019 



Innovative on-orbit and ground 

capabilities for communication, 

processing, and management of 

remotely sensed data and the 

efficient generation of data 

products 

22 projects awarded in FY17.  

Future solicitations planned in 

FY19, FY21, FY23, and FY25

In-Space Validation 

of Earth Science 

Technologies (InVEST) 

On-orbit technology validation 

and risk reduction for small 

instruments and instrument systems..

Four projects selected in FY18. 

Future solicitations planned in FY21 

and FY24

Earth remote sensing instrument 

development from concept through 

breadboard and demonstration

17 projects awarded in FY17.  

Future solicitations planned in FY19, 

FY22, and FY25

Advanced Component 

Technologies (ACT) 

Critical components and 

subsystems for advanced 

instruments and observing systems 

12 projects awarded in 2018. 

Future solicitations planned in 

FY20, and FY23

Advanced Information 

Systems Technology (AIST)

Decadal Incubation

Earth Science Technology

Advanced Technology 

Initiatives: ACT and InVEST

Instrument Incubator 

Program (IIP)

Maturation of observing systems, 

instrument technology, and 

measurement concepts for Planetary 

Boundary Layer and Surface 

Topography and Vegetation 

observables through technology 

development, modeling/system 

design, analysis activities, and small-

scale pilot demonstrations

Future solicitations planned in FY19 

and FY21


