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Mechanisms and Pathways for Modeling the Impacts of
Catastrophic Events on Human Migration

Why DROUGHTS?
 One of the most devastating hydrologic extremes

 C(Climate change is contributing to increased likelihood
and severity of drought impacts worldwide

Aghakouchack et al., SCIENCE, 2014
IPCC, 2022, AR6, Chapter 4: Water

During 1970-2019

TYPE OF EVENT FATALITIES
7% droughts 34% droughts
WMO, 2021

* Droughts in Africa have become more intense, frequent
and widespread over the past 50 years

Masih et al., HESS, 2014
IPCC, 2022, AR6, Chapter 9: Africa

Drought | Credit: Jose Antonio Alba | Water Alternatives Photos | Flickr
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Mechanisms and Pathways for Modeling the Impacts of
Catastrophic Events on Human Migration

Human migration and mobility

Net migration (per 1,000 people)
(net migration = reported pop change - natural pop change)

<-500 0 =500

Around 50% of the world’s urban population lives
in areas where migration accelerated urban
population growth

Niva et al., NAT. HUM. BEHAV., 2023
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Mechanisms and Pathways for Modeling the Impacts of
Catastrophic Events on Human Migration

Human migration and mobility

Short distance mobility is the most prevalent form of migration

Human migration, NATURE, 2017
IPCC, 2022
Xu & Famiglietti, WIREs Water, 2023

Climate change & hydrologic extremes are impacting the risk
of temporary and permanent migration
IPCC, 2022, AR6, Chapter 4: Water

—— i B

Climate-induced migration

Net migration (per 1,000 people)
(net migration = reported pop change - natural pop change) more common within national

L I -
=-500 0 >500 bOFderS

Hoffman et al., NAT. CLIM. CHANGE, 2020

Around 50% of the world’s urban population lives
in areas where migration accelerated urban
population growth

Disaster displacements are
3 x conflict & violence

Niva et al., NAT. HUM. BEHAV., 2023 displacements
.

IDMC, 2020

J
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Droughts & Human Mobility

Magnitude, severity, duration ENVIRONMENTAL POLITICAL Development of policies,
and spatial extension of droughts factors factors incentives, subsidies
HUMAN MOBILITY
FROM DROUGHTS
Employment opportunities, ECONOMIC — — SOCIAL Level of education, family/kin obligation,
livelihoods factors factors people’s decision to move/stay

A\ 4

DEMOGRAPHIC
factors

Size and density of population, urban
VS rural population, age structure
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Magnitude, severity, duration
and spatial extension of droughts

RESEARCH QUESTION

ENVIRONMENTAL
factors

HUMAN MOBILITY
FROM DROUGHTS

Droughts & Human Mobility

Are drought occurrences, other things being equal, associated with human mobility toward rivers or cities?

Ceola et al., EARTH’S FUTURE, 2023
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Droughts influence patterns of human settlements in Africa

Past work was unable to identify the interplay between drought occurrence and changes in human settlements in
Africa because of limited data.

Here we explore this relationship
across 50 countries from 1992 to
2013 and extract:

Burundi - Bl

Urban population [%]

- annual drought occurrences
from two indicators (EM-DAT
and SPEI-12)

1992 1995 1998 2001 2004 2007 2010 2013

7.5

70

- human settlement patterns Drought Indicator 65

Distance to rivers [km]

. [ 1SPEI-12
(from urban pOpU|at|On data 1 EM-DAT A 6.0 PR T R T N 0 Nt TEY T s M i M S ]
1992 1995 1998 2001 2004 2007 201 2013
: : ] SPEI-12 and EM-DAT
and human distance to rivers) Nt Aot 500 1000 km

Ceola et al., EARTH’S FUTURE, 2023
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Droughts influence patterns of human settlements in Africa

IDENTIFICATION OF DROUGHT OCCURRENCE
For each country ¢, a generic year y is classified as drought year y, if:

* SPEI-12: yearly country-based average values < -1

Begueria et al., INT. J. CLIMATOL., 2014

https://spei.csic.es/spei database 2 9

 EM-DAT: available data on people affected

https.//www.emdat.be

year 1994 1995 1996 1997
O NOT- NOT-
E SPEI-12 DROUGHT DROUGHT DROUGHT DROUGHT
=z
=2 NOT- NOT-
o -
o EM-DAT .. DROUGHT DROUGHT DROUGHT DROUGHT

Ceola et al., EARTH’S FUTURE, 2023
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https://spei.csic.es/spei_database_2_9/#map_name=spei12#map_position=1184

Droughts influence patterns of human settlements in Africa

CHANGES IN HUMAN SETTLEMENT PATTERNS

* Human distance to rivers, i(c,y) = rd(c,y): estimated, for each country ¢ and each year y, by coupling NOAA’s
nighttime lights and HydroSHEDS river network data

https://ngdc.noaa.gov/eog/dmsp/downloadVV4composites.html
https://www.hydrosheds.org/products/hydrorivers#downloads

¥12, j-S0Li(c,y)
»10, 50L;(c,y)

rd(c,y) =

where SOL;(c,y) is the

sum of lights for distance
class j, country ¢ and year y

https://worldview.earthdata.nasa.qov.

Il river network
[OJCEM nightlights (e.g. DN=20,35,50,63)

Ceola et al., 2015, WRR

* Urban population, 4(c,y) = urb(c,y): relative urban population data (i.e., % of total population)

https://data.worldbank.org

Ceola et al., EARTH’S FUTURE, 2023
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https://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html
https://www.hydrosheds.org/products/hydrorivers#downloads
https://data.worldbank.org/
https://worldview.earthdata.nasa.gov/?v=1.4590097819165315,4.019343336739116,56.37875794172349,37.133131500201785&l=Reference_Labels_15m(hidden),Reference_Features_15m(hidden),Coastlines_15m(hidden),VIIRS_SNPP_DayNightBand_ENCC(hidden),VIIRS_Night_Lights(hidden),VIIRS_SNPP_CorrectedReflectance_TrueColor(hidden),MODIS_Aqua_CorrectedReflectance_TrueColor(hidden),MODIS_Terra_CorrectedReflectance_TrueColor(hidden),VIIRS_Black_Marble&lg=false&t=2016-02-06-T22%3A00%3A00Z

Droughts influence patterns of human settlements in Africa

METHODS
For all countries c:
h(c,2013) Ah(c,yp) === Ahsyp(c)
h(c,1992) YES
S ;’, ’ Is the year y a / Median values
d m—) Ah(c,y) = h(c,y)-h(c,y — 1 during drought VS
' ( 3’) ( 3’) ( g ) drought year (yp)? non-dgroughtgyears

Compute human displacements for every

year y as the difference in human NO " Ah(c,yyp) ™= Ahsonp(c)
distribution A(c,y) between 2 adjacent years ’

(both antecedent and subsequent)

Ceola et al., EARTH’S FUTURE, 2023
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Droughts influence patterns of human settlements in Africa

METHODS
For all countries c:
h(c,2013) Ah(c,yp) === Ahsyp(c)
h(c,1992) YES
i ’ Is the year y a / Median values
d m—) Ah(c,y) = h(c,y)-h(c,y — 1 during drought VS
! () (©7)- ey : drought year (yp)? non-dgroughtgyears

Compute human displacements for every

year y as the difference in human NO " Ah(c,yyp) ™= Ahsonp(c)
distribution A(c,y) between 2 adjacent years '

(both antecedent and subsequent)

Research hypotheses

1) reduced human distance to rivers during droughts: Ardsgp (¢) < Ardsg np (€) Human patterns during droughts
are compared also against patterns
2) increased urban population during droughts: Aurbsq p (¢ ) > Aurbsg yp (c) from the whole study period

Ceola et al., EARTH’S FUTURE, 2023
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Droughts influence patterns of human settlements in Africa

Country-based patterns of increased human displacement towards rivers and

between adjacent

years (drought year and antecedent year), derived by comparing median values during drought and non-drought

years

SPEI-12 drought records

® Increased urban population (%)
@ ncreased human proximity to rivers

Decreased urban population (%)
and human proximity to rivers

A NotAvailable

Drought indicator

[] sPEl12

[] sPEI-12 and EM-DAT 1000 km
[] Not Available

EM-DAT drought records

® Increased urban population (%)

@ ncreased human proximity to rivers

Decreased urban population (%)
and human proximity to rivers

A NotAvailable
Drought indicator

] EM-DAT

[] sPEI-12 and EM-DAT 1000 km

[ Not Available
Ceola et al., EARTH’S FUTURE, 2023
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Droughts influence patterns of human settlements in Africa

100

90

80

Relative occurrence (%) of drought-induced
variations in human settlement patterns
across Africa. Statistics are derived by
comparing drought and non-drought years
and are grouped according to the availability
of drought records (EM-DAT and SPEI-12
records), whether the antecedent or
subsequent year is considered.

70

60

50

40

30

in human settiement patterns (%)

| W™ Increased human proximity to rivers
I Increased urban population

Increased human proximity to rivers
and urban population

Decreased human proximity to rivers
and urban population

[ INot available

20

Relative occurrence of drought-induced variations

10

EM-DAT EM-DAT SPEI-12 SPEI-12
Antecedent Subsequent  Antecedent Subsequent
year year year year

Ceola et al., EARTH’S FUTURE, 2023
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g+3°c —

What about future climate-human dynamics?

3- to 20-fold increase in droughts for most of

Africa IpCC, 2022 Rapidly growing cities in Africa will be
risk hotspots for climate change and

300% - 700% urban extent in drylands by 2030 climate-induced human disp|acements

2x population in drylands by 2050

Gtlineralp et al., 2015
Mirzabaev et al., 2019
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What about future climate-human dynamics?

g+3oc 3- to 20-fold increase in droughts for most of

Africa IpCC, 2022 Rapidly growing cities in Africa will be
risk hotspots for climate change and
Hq E 300% - 700% urban extent in drylands by 2030 climate-induced human disp|acements
=] '

2x population in drylands by 2050

Gtlineralp et al., 2015
Mirzabaev et al., 2019
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changes in human settlement patterns, employed
for e.g. human adaptation strategies to worsening
climatic and socioeconomic living conditions.

Ceola et al., under review
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Take-home messages

Multi-dataset and satellite-based analysis explores the interplay between changes in human settlement
patterns and drought occurrence across Africa from 1992 to 2013

 Despite changes in human mobility patterns are controlled by multiple factors and depend on the local
context, macro-trends at the continental scale reveal drought-induced incentives to move towards rivers
and urban centers

 Larger human displacements toward rivers and urban areas during droughts for 70%—81% of African
countries, other things being equal

* Increased floodplain population associated to drought occurrences can increase losses and fatalities if
flood events occur shortly afterwards
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