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Abstract

Our work is positioned at the intersection of migration and climate change—two
key forces shaping the economic outlook of many countries. The analysis ex-
plores: (i) the relative importance of origin-country vs destination-country fac-
tors in explaining migration patterns; (ii) importance of climate disasters as
driver of cross-border migration; and (iii) the importance of climate-driven mi-
gration on the overall impact of climate on macroeconomic outcomes. It arrives
at the following main findings. First, both origin-country and destination-
country contribute to explaining migration outflows from EMDEs, although
only the global shocks seem important for advanced economies. Second, cli-
mate disasters are important for explaining the origin-country migration shocks
in LICs and EMDESs, are especially relevant for smaller countries, and lead to
migration of both genders, albeit relatively more for males out of LICs. Third,
important portion of climate’s overall impact on economic outcomes—especially
agricultural GDP, remittances, and inequality—is captured via climate-driven
migration. Finally, higher investment in climate-resilient infrastructure can re-
duce the impact of climate on cross-border migration, and thereby, result in
potentially important economic gains.
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1 Introduction

Cross-border migration and climate change are two key forces shaping the economic
outlook of many countries across the world. Both of them are complex phenomena
that keep increasing their relevance for economic, social, and political outcomes. For
instance, migration flows respond to a multitude of domestic as well as external
factors, including economic and social developments in home countries, differences
in welfare relative to potential migration destinations, bouts of instability, conflicts,
and other shocks. Overall, some 184 million people live outside of their country
of nationality, constituting about 2.3 percent of the global population (International
Organization for Migration , 2022). Climate events affect the habitability and income
productivity of various countries, and—going forward—are also expected to compound
the impact of the other drivers of human mobility and migration, such as poverty,
demographics, or political instability. In essence, many people migrate because of a
combination of factors, and climate events often amplify the preexisting patterns of
movements—circular, seasonal, and or rural-to-urban migration.

Climate change seems to be accelerating internal migration both via sudden- and
slow-onset impacts (International Organization for Migration , 2022). While climate
change has been found as important driver of internal migration within countries’
national borders in many parts of the world (see for example World Bank (2023);
Clement et al. (2021)), its direct impact on cross-border migration can be important
too. This paper aims to shed light on the impact of climate disasters on cross-border
migration and the macro-economic linkages of climate-driven migration. Its focus is
on three distinct, though interrelated questions: (i) What is the relative importance
of origin-country vs destination-country vs global factors in driving migration? (ii)
What is the role of climate in explaining cross-border migration? and (iii) What is
the impact of climate change on macroeconomic outcomes through migration in the
long run?

The analysis reaches at a set of relevant conclusions. First, the relative importance
of factors driving migration outflows differs substantially between EMDEs and ad-
vanced economies: while all three shocks—origin-country, and destination-country, and
global—contribute to outflows from EMDEs, only the global shocks seem important
for advanced economies. Second, climate disasters are found to explain origin-country
component of migration outflows (albeit less overall migration outflows), lead to mi-
gration of both genders (though are relatively more important for males), and are

especially important for migration outflows from LICs and EMEs. Third, an impor-



tant portion of climate’s overall impact on economic outcomes is actually captured
via climate-driven migration, which is associated with lower (agricultural) output and
higher remittance inflows.

The rest of this paper is organized as follows. Section 2 provides a brief literature
context, and Section 3 describes the data used. Section 4 provides a decomposition of
the migration outflows. The core part of the empirical analysis, exploring the impact
of climate disasters on cross-border migration and economic outcomes, is presented in
Section 5. Section 6 quantifies the impact of adaptation policies using the DIGNAD

general equilibrium model. Finally, Section 7 provides some concluding remarks.

2 Literature Context

This paper is related to and contributes to three interrelated, albeit different, strands
of the literature. First, this paper helps better understand migration patterns by
providing a novel and simple decomposition of cross-border bilateral migration out-
flows into origin-country, destination-country, and global shocks. In this context, it
contributes to the extensive literature on the fundamental drivers of migration (for
instance, see Carare et al., 2023; Kaczan and Orgill-Meyer, 2020) through the appli-
cation of the innovative decomposition method by Amiti and Weinstein (2018) to the
migration context.

Second, the paper contributes to the literature that looks into climate and cross-
border migration via local case studies, descriptive trends and forecasts (Piguet and
Laczko, 2014; Black et al., 2011; Coniglio and Pesce, 2015; Burzynski et al., 2021;
International Organization for Migration , 2022; Kaczan and Orgill-Meyer, 2020).
Beyond estimating the impact of different types of climate events and risks on overall
migration flows, it also sheds light on the impact of climate on origin-country and
destination-country-induced portions of overall migration flows.

Finally, this paper is related to the extensive literature exploring the impact of
climate on macroeconomic outcomes, growth, productivity and reallocation (see, for
instance, Bustos et al., 2021; International Monetary Fund, 2021; Fernandez Corugedo
et al., 2023a; Fernandez Corugedo et al., 2023b). While most of the studies in this
strand focus on the short-term impact of climate events on migration, we take a
somewhat longer-term perspective, focusing our analysis on five-year windows. Our
contribution to this strand is twofold. On the empirical side, we extract the impact

of climate-induced migration on macroeconomic outcomes. On the modeling side, we



extend general equilibrium DIGNAD model to allow for endogenous climate-driven
migration, analyze long-run responses, and quantify the effect of potential climate

adaptation policies through public investment in resilient infrastructure.

3 Data

This paper relies on a set of datasets to explore the link between cross-border migra-
tion and climate. The primary data source on cross-border migration is the United
Nations Global Migration database. Our main data source on climate is the Emer-
gency Events database (EM-DAT). We complement these datasets using data pro-
vided in Sautner et al. (2023), the Food and Agriculture Organization Corporate
Statistical Database (FAOSTAT), and the World Bank’s World Development Indica-
tors (WDI).

The United Nations Global Migration database contains comprehensive informa-
tion on cross-border migration stocks. This dataset provides the bilateral migration
stocks in 5H-year windows for the period between 1990 to 2020. Data is available for
238 countries and territories. ' Additionally, the database provides a breakdown of
bilateral migration stocks by gender. This paper focuses on the patterns of aggregate
cross-border migration at the country of origin but uses the variation in bilateral mi-
gration stocks data to decompose aggregate flows into origin, destination, and global
factors.

The EM-DAT from the Centre for Research on the Epidemiology of Disasters
(CRED) collects information on disasters. This paper uses the number of climato-
logical disasters including droughts, extreme temperature, floods, landslides, storms,
and wildfires. We aggregate disasters by 5-year windows to match the frequency of
cross-border migration data.

We complement our analysis using data on climate risks from Sautner et al. (2023).
We consider firms’ exposures to physical and regulatory risks of climate change. We
compute country aggregates from micro-data available at the firm level using asset-
weighted averages. Data is available for 33 countries and between 2000 to 2022. We
use average temperature data and land-use from FAOSTAT to control for initial expo-
sures to climate and data from the WDI on other economic outcomes and population.
We estimate the impacts of climate and climate-driven migration on agricultural GDP

and remittances as percent of GDP, employment as percent of total labor force, and

'Our sample is limited to a maximum of 135 countries for which we have additional control
variables. Our sample is composed of 44 LICs, 63 EMEs, and 28 Advanced Economies.



the Gini index. We include agricultural GDP growth, GDP per capita, and initial

population in our various specifications.

4 Decomposition Method

The econometric approach begins by specifying a general spatial model of migration
as the foundation for estimating origin, destination, and global factors that drive
cross-border migration. The model exhibits network effects of migration as identified
in previous research and can accommodate utility-maximizing migration, migration
costs, and other migration frictions featured in quantitative equilibrium models in

the literature.?

Notably, the model does not impose functional forms or further
assumptions upon the structure of relevant markets. Instead, it assumes bilateral
migration incentives to be summarized in origin, destination, and global factors, and

bilateral idiosyncratic shocks.

4.1 Methodology

The following empirical model describes the evolution of bilateral cross-border mi-
gration. Let L, 4+ be the stock of migrants from country of origin o in the country of

destination d in time t. The bilateral migration outflow is:

Logt — Lodi—1 = (Oo,t + Dy, + G+ €o,d,t) Logi—, (1)

where O, D, and G denote origin, destination, and global factors and &4, are
bilateral idiosyncratic shocks. The origin factor, O, ;, reflects push factors or outward
migration market access from the country of origin o. For example, the origin fac-
tor encompasses domestic conditions such as, inter alia, productivity shocks, wages,
amenities. Climate related shocks will likely affect migration flows through the origin
factor. The destination factor, Dy, reflects pull factors or inward migration access
into country of destination d. The global factor, G, reflects global trends that affect
migration including openness, global immigration policies, and other common shocks.

For this class of empirical models, we can write the growth in the bilateral cross-

2See, for example, Artug et al. (2010), Caliendo et al. (2019), Kleinman et al. (2023), Ahlfeldt et
al. (2019)



border migration stock, g4+, as:
Godt = Ot + Day + Gi + €044, (2)

where g, 4 is observed in the data, and other factors are unobserved but can be
estimated.

This paper decomposes the variation observed in the growth rate in the bilateral
cross-border migration stocks in the data following the method proposed in Amiti
and Weinstein (2018). The decomposition method in Amiti and Weinstein (2018)
provides a framework to assign the variation in bilateral growth rates to factors.
Amiti and Weinstein (2018) uses this decomposition for bilateral lending between
firms and banks. Ours is the first paper that applies this method for cross-border
migration.

The method produces an exact decomposition of aggregate cross-border migration
flows at the origin and destination levels. * More precisely, the growth rate in the

stock of migrants of country o is decomposed as follows:

Origin __ Zd Lo,d,t - Lo,d,t—l

Joi = = = Oot + Y odt-1Das+ Gi (3)

Zd Lo,d,t—l N~~~ ) ———

Origin Global

Destination
Oriei ~
Got o = Oor + Doy + Gi (4)
~—~ N ~—

Origin  Destination ~ Global

where ¢, 4,1 is the initial share of migrants in the destination country d and we have
defined aggregate destination factor Do,t = > Podt—1Day. Similarly, the growth rate

in the stock of migrants in country of destination d is decomposed as:

inati Loar— Lodat—1
g(]igstlnatlon = 20 Loa = Zeo,d,t—loo,tvL Dar  + G, (5)
Zo Lo,d,t—l o ~~~

Destination  Global

Origin

where 0, 4,1 is the initial share of migrants from the origin country o.
The definition of the origin-destination interaction terms imposes that bilateral
idiosyncratic shocks, when aggregated, bilateral idiosyncratic shocks don’t explain,

on average, the growth in cross-border migration stocks at origin and destination

3See Appendix B.1 in Amiti and Weinstein (2018) for further details.



levels. While origin-destination specific shocks are useful to understand acceleration
in bilateral migration, origin and destination factors can be estimated consistently
without modeling or estimating the impact of these interaction terms.® Appendix
B.1 describes in detail the identification assumption as well as further refinements

when origin-destination interaction terms are worrisome. °

4.2 Regional and Global Patterns

Figure 1 provides an overview of the findings from this decomposition exercise ap-
plied to the cross-border migration patterns in advanced economies and emerging
and developing economies, respectively. Two interesting and contrasting findings
emerge from this Figure. First, migration outflows in advanced economies have been
mainly driven by global factors, while idiosyncratic domestic factors—as depicted by
the ”origin” bars and likely reflecting relatively better domestic economic conditions
in these economies—have contributed to lower outward migration. In total, these two
forces have been roughly balanced over the past decades, resulting in very limited
outward migration from advanced economies. Second, and in contrast to the group of
advanced economies, all three shocks—global, origin country, and destination country—
have worked in the same direction, contributing to migration outflows from EMDEs.
Moreover, origin-country shocks have gained importance over 2005-2015, likely reflect-
ing challenging conditions in some EMDEs that have contributed to pushing more

migrants out of their countries of origin.

5 Climate and Cross-Border Migration

5.1 Impact of Climate on Cross-Border Migration
5.1.1 Empirical Setting

The main specification is:

A]\40,75 - Bco,t + xo,t@/ + 50 + Uo t, (6)

4Formally, E (Zd ¢07d7t_1so,d,t> =0and E <ZO 907d7t_150,d,t> =0

5An advantage of this method is that it relies only on bilateral migration flows as a source of
information. To this extent, the method is non-parametric.

Indeed, large migration outflows to specific locations following migration crises episodes could
cause problems when identifying destination-level factors. We use a refinement as noted in Appendix
B.1 to control for these episodes.
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Figure 1. Migration Patterns

where the unit of observation is country of origin o and period ¢, measured in 5-year
windows.

The dependent variables we consider, AM,,, are the change in migration outflow
and the origin-level factor as percent of initial population.”. The regressions control
for nonlinear differences in migration outcomes by including fixed effects for countries,
do. In addition, Equation 6 includes pre-existing country characteristics (z,;) that
affect the initial exposure of migration to climate impacts (initial population, previous
population change, initial migrant stock as percent of population, previous migration

outflows, initial origin factor, first and second lags of natural disasters, lagged average

"We identify the origin-level factor from the %/rowth in bilateral claims as described in section 4.

Our dependent variable is constructed as O, ; x P" =L where O, ; is the origin-factor, M, ;_1 is the

initial migrant stock, and P, ;_; is the initial populatlon



temperature difference with respect to 1950 levels, and initial altering land. The
results are robust to alternative specifications that control including initial GDP
per capita, GDP growth, agricultural GDP growth. Alternative specifications that
include time-trends and year-fixed effects to control for non-linear global exposures
are also robust.

The main explanatory variable we consider is the frequency of natural disasters
C,+. We measure natural disasters as the number of climatological disasters in EM-
DAT in the 5-year window. The coefficient of interest is § measures the change
in migration outflows due to natural disasters. The OLS estimate of § intends to
capture the total impact of natural disasters, including impacts mediated through

8 As observed natural disasters measure the backward-

other economic outcomes.
looking component of climate, we complement the analysis using data on climate
risks from Sautner et al. (2023).

We expand the empirical model to assess heterogeneous impacts of climate on
cross-border migration that depend on the country size. Equation 6 estimates the
average effect of climate on cross-border migration. Nonetheless, the impacts of
climate disasters on cross-border migration might be more pronounced in countries
with a smaller geographical area due to limited options for internal migration. The
following specification addresses the importance of country size on the impacts of

climate on cross-border migration:

A]\40,15 = BOCo,t + BISizeo,t X Co,t + xo,t@/ + 50 + uo,tv (7)

where Size is country size measured by land size and initial population. We expect

[1 to be negative.

5.1.2 Results

Impact of Climate Disasters on Cross-Border Migration We estimate Equa-
tion 6 via OLS for our panel of 135 countries. Table 1 reports the main empirical
findings about the impact of climate disasters on the origin-shocks-driven portion of
migration outflows and overall migration outflows. ? Climate disasters are found
to have strong and statistically significant impact on the portion of migration out-
flows primarily driven by origin-country shocks, with more frequent disasters associ-

ated with higher migration out of the affected countries. The effect remains positive

8See Appendix B.2 for a detailed discussion
9 Additional tables with the full specification are in Appendix B



Table 1
Cross-Border Migrant Outflows and Climate Disasters
(Outflows as percent of Initial population)

M @ ® @) @) ©
Origin Origin Origin Outflows Outflows Outflows
Factor Factor Factor
Total Disasters 0.0313***  0.0318***  0.0264** 0.0159 0.0180* 0.0180
(0.0115) (0.0115) (0.0123) (0.0110)  (0.0108)  (0.0119)
Observations 657 657 657 664 664 664
Number of Countries 135 135 135 135 135 135
Country Fixed Effects YES YES YES YES YES YES
Controls YES YES YES YES YES YES
Time Trend NO YES - NO YES -
Year Fixed Effects NO NO YES NO NO YES
R2 0.42 0.42 0.42 0.60 0.61 0.61
R2 without Disasters 0.41 0.41 0.42 0.60 0.61 0.61

Standard errors in parentheses
*¥** p<0.01, ** p<0.05, * p<0.1

This table presents the regression of migration outflows and origin level factors on natural
disasters. Origin stands for origin-level factors as estimated using the method proposed in Amiti
and Weinstein (2018) and measured as percent of initial population; Outflows stands for migration
outflows as percent of initial population. The explanatory variables are: Natural disasters
measured as the number of climatological disasters in EM-DAT in the 5-year window. Regressions
control for initial population and previous population change, initial migrant stock, 1st and 2nd
lag of natural disasters, lagged average temperature difference with respect to 1950 levels, initial
altering land, and lagged outflows. The observation level is country-time, where time is measured
by 5-year windows from 1990 to 2020. Sample is selected based on data availability since 1995.

when looking at overall migration outflows, not only origin-country-driven, albeit it is
smaller and not statistically significant anymore. In a nutshell, the results in Table 1
are aligned with the intuition that climate disasters affecting the country of migrants’
origin should be primarily associated with the portion of overall migration assigned
to origin-country shocks.

The impact of climate events on origin-driven portion of migration outflows is not
only statistically significant, but also economically meaningful. Figure 2 provides an
overview of the estimated impact of climate disasters for different groups of countries.
The impact is particularly large and statistically different from zero for low-income
countries (LICs) and emerging market economies (EMEs), while it is considerably
smaller and not statistically significant for the group of advanced economies. Intu-
itively, the latter group includes countries with better developed infrastructure to
address the impact of climate , and thereby, show higher resilience to climate disas-

ters. Moreover, the figure provides estimate about the quantitative impact of climate



Figure 2. Impact of Disasters on Migration through Origin Factors by Country Group

Impact of 1 SD Increase in Climate Events on Migration Outflows
(Percent of Initial Population)
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This figure presents the regression results of the impact of a one-standard deviation shock on climate
disasters on origin factors by country group. LIC stands for Low Income Country; EMEs are
Emerging countries without LICs; Advanced are advanced economies.

disasters. On average, a one standard deviation increase in the number of disasters is
associated with an increase in outward migration by about 1/2 percent of the initial
total population in LICs and EMEs over a five-year period. Translated into actual
numbers, this result implies that 3 extra climate disasters per year (one standard de-
viation) could translate into 1/2 percent of the overall population leaving the country
of origin during the five-year window. Our results reflect that climate change’s im-
pacts are disproportionately experienced by people in vulnerable situations, in line
with previous evidence of the impact of climate change, such as reported in Duenwald
et al. (2022). In the robustness section we consider large disasters—defined as those
with more than 100 deaths—to assess the importance of non-linearities due to large
natural disasters. We show that the impacts on cross-border migration are significant
and larger than those estimated in this section. We also test for non-linear effects
that depend on the country’s size.

Besides the level of income per capita, the degree of economic development, and
various socio-economic characteristics, the impact of climate disasters on cross-border
migration may critically depend on the actual size of the affected country. For in-
stance, larger countries—either measured by population size or land area—are likely to
experience relatively smaller cross-border migration outflows because a large portion
of the affected population may migrate internally (World Bank, 2023).

We formally test for the importance of country size for the climate-migration
nexus. Table 2 reports the key results from the estimation of Equation 7. As before,

more frequent climate disasters are associated with larger migration outflows, and
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this impact is particularly important and statistically significant for the portion of
migration flows attributed to origin-country shocks. In addition, the coefficients in
front of the interaction terms, which capture the effect of country size, imply that
the impact of climate on outward migration is mitigated by the size of the coun-
try: larger economies—either measured by population size or land area—experience
relatively smaller increase in outward migration as a result of climate disasters. In
essence, these findings confirm the conjecture that climate may be less of a driver
for cross-border migration originating from larger economies because their size al-
lows for relatively larger within-country migration of the affected population. Our
evidence also reflects that climate amplifies pre-existing humanitarian and develop-

ment challenges, by exacerbating pre-existing and interconnected vulnerabilities and

fragility.
Table 2. Impacts of climate and size
1) @) ) @)
Origin Factor Migration Origin Factor Outflows
Disasters 0.287** 0.208 0.182%* 0.124
(0.142) (0.127) (0.0923) (0.0827)
Disasters x Log Population -0.0140%* -0.0103
(0.00767) (0.00687)
Disasters x Log Land -0.0135* -0.00936
(0.00804) (0.00721)
Observations 640 646 640 646
Number of Countries 132 132 132 132
Country FE YES YES YES YES
R-squared 0.420 0.630 0.419 0.629

Standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.1

This table presents the regression of migration outflows and origin level factors on natural disasters
with heterogeneous impacts across country size. Country size is measured by initial population and
land size. Log Population is the natural logarithm of the initial population. Log Land is the
natural logarithm of the country’s land size measured in squared miles. Origin stands for
origin-level factors as estimated using the method proposed in Amiti and Weinstein (2018) and
measured as percent of initial population; Outflows stands for migration outflows as percent of
initial population. The explanatory variables are: Natural disasters measured as the number of
climatological disasters in EM-DAT in the 5-year window. Regressions control for initial
population and previous population change, initial migrant stock, 1st and 2nd lag of natural
disasters, lagged average temperature difference with respect to 1950 levels, initial altering land,
and lagged outflows. The observation level is country-time, where time is measured by 5-year
windows from 1990 to 2020. Sample is selected based on data availability since 1995.

11



Figure 3. Impact of Disasters and Country Size

Percent of Initial Population
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The chart shows the impact of 1 standard deviation increase in climate disasters on cross-border
migration through the origin factor. Estimated marginal effect uses estimated equation 7 as presented
in Table 2

Impact of Climate Disasters on Cross-Border Migration by Type of Dis-
aster The results presented above refer to climate disasters in general, without
distinguishing between different types of climate-related calamities. Here we go on
step further by zooming into the impact by type of climate disaster. We define
two types of disasters: water-related and heat-related. The former category includes
storms, landslides, and floods, while the latter category includes wildfires, extreme
temperature events, and droughts.

Figure 4 presents the findings for these two types of climate disasters across dif-
ferent country groups.’® The results for both water-related and heat-related disasters
suggest that their impact is especially important for LICs and EMDEs, while the
impact for advanced economies is not statistically significant from zero - a result
consistent with the findings for the overall sample presented in Figure 2. Moreover,
the impact of water-related disasters seems relatively larger than the impact of heat-

related disasters for each of these groups of countries.

Impact of Climate Disasters on Cross-Border Migration by Sex Climate
change has different impact on males and females and their migration patterns.!!

Household, cultural, environmental and other factors would likely shape the response

OFurther disaggregation by sub-type of disaster has the drawback of resulting in limited variation
with the groups of interest.

UFor instance, see Gray and Bilsborrow (2013); Holland et al. (2017); Miletto et al. (2017); Rigaud
et al. (2018); Sedova et al. (2021)
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Figure 4. Impact of Climate Disasters by Type of Disaster

Impact of 1 SD Increase in Water-Related Impact of 1 SD Increase in Heat-Related
Events on Migration Outflows Events on Migration Outflows
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This figure presents the regression results of the impact of a one-standard deviation shock on climate
disasters on origin factors by type and country group. LIC stands for Low Income Countries; EMEs
include Emerging countries without LICs; Advanced includes advanced economies. Water-related
disasters include storms, landslides, and floods. Heat-related disasters include wildfires, extreme
temperature events, and droughts.

of males and females to particular climate events, pointing at possibilities of differ-
ential impacts across gender. In light of these insights, here we formally explore the
differential impact of climate disasters between males and females.

Figure 5 presents an overview of the empirical findings of gender differences across
different country groups. These results imply that climate events increase outward
migration of both males and females, albeit the impact is somewhat larger for males.
Nonetheless, this gender difference is statistically significant only for the groups of
LICs.

Impact of Climate Risks on Cross-Border Migration In this section we esti-
mate the impact of climate risks on cross-border migration. Our measure of climate
risks aims to capture the forward-looking component and potential implication of
climate change. We use firm-level climate risks from the novel dataset in Sautner et
al. (2023) and aggregate them at the country level, thereby providing an estimate
about the country-wide climate risk.'> The measures we consider include: (i) overall
climate; (ii) physical exposure; and (iii) regulatory risks.

The estimation results for the three types of risks are presented in Table 3. Overall

risks and physical exposure risks are both found to be associated with higher origin-

12A drawback of this novel dataset is its limited availability to 33 countries, mainly advanced
economies and only a few emerging markets.
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Table 3

Cross-Border Migrant Outflows and Climate Risks

(Outflows as percent of Initial population)

(1) (2) 3)

(4)

(5)

(6)

Origin Origin Origin Outflows Outflows Outflows
Factor Factor Factor
Climate Risks 0.0713* 0.0406
(0.0361) (0.0265)
Climate Exposure 0.00323* 0.00234**
(0.00163) (0.00106)
Regulatory Risks -0.00648 -0.00670
(0.0139) (0.0104)
Observations 119 119 119 119 119 119
Number of Countries 30 30 30 30 30 30
Country Fixed Effects YES YES YES YES YES YES
Controls YES YES YES YES YES YES
R2 0.8 0.8 0.8 0.8 0.8 0.8

Clustered standard errors in parenthesis.
*** p<0.01, ** p<0.05, * p<0.1

This table presents the effect of firms’ climate-related risks on migration outflows and origin level
factors. Origin stands for origin-level factor as estimated using the method proposed in Amiti and
Weinstein (2018) and measured as percent of initial population; Outflows stands for migration
outflows as percent of initial population. The explanatory variables are firms’ climate-related risks
from Sautner et al. (2023). Risks and exposures at the firm level are aggregated using the
size-weighted average using total assets. Climate-related risks are measured in basis points.
Regressions control for initial population and previous population change, initial migrant stock, 1st
and 2nd lag of natural disasters, lagged average temperature difference with respect to 1950 levels,
initial altering land, and lagged outflows. The observation level is country-time, where time is
measured by 5-year windows from 1990 to 2020. Observations with migration outflows above the
99.5 percentile are removed.
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Figure 5. Impact of Climate Disasters by Sex

Impact of 1 SD Increase in Climate Events on Migration Outflows
(Percent of Initial Population)
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This figure presents the regression results of the impact of a one-standard deviation shock on climate
disasters on origin factors by sex and country group. LIC stands for Low Income Country; EMEs
includes Emerging countries without LICs; Advanced includes advanced economies.

shock migration outflows from the corresponding home countries, and both of these
results are statistically significant. Turning to overall migration outflows (without
distinguishing among origin-country, destination-country, and global shocks), the im-
pact of physical exposure risks to climate remains statistically significant, while the
impact of overall climate risks decreases by about half and loses (marginally) statisti-
cal significance. These interesting results suggest that not only actual climate events
and disasters play a role in the migration nexus, but also the anticipation of climate
impacts—as captured by firms’ perceptions and firms’ assessments—are associated with
higher migration outflows.

A final note worth mentioning is the lack of significance of regulatory risks. A
priori, it is not easy to assign an expected sign about the impact of regulatory risk:
on the one hand, firms may perceive higher climate regulatory risk in environments
lacking basic regulation about addressing the implications of climate events, and
thereby be associated with higher migration outflows from such jurisdictions. On the
other hand, however, firms may perceive higher regulatory risks for them when the
regulatory adjustment is being implemented swiftly to address climate issues, and

such jurisdictions may be more likely receivers rather than emitters of migrants.
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5.2 Impact of Climate Disasters on Economic Outcomes

We estimate the overall impact of climate disasters on economic outcomes. The
specification is:
Yot = BYCoy + xg,t@; + 07 + 5%,1&7 (8)

where the unit of observation is country of origin o and period ¢, measured over 5-year
windows.

As dependent variables y,; we consider agricultural GDP, remittances, employ-
ment and the Gini index. The regressions control for non-observed country-specific
heterogeneity via the inclusion of fixed effects ¢7. In addition, Equation 8 includes
pre-existing country characteristics (z} ;) that affect the initial exposure of economic
activity to climate impacts (initial population, previous population change, initial
migrant stock as percent of population, previous migration outflows,'? initial origin
factor, first and second lags of natural disasters, lagged average temperature difference
with respect to 1950 levels, and initial altering land). We also include initial GDP per
capita, GDP growth, agricultural GDP growth, and the lag of the dependent variable
as controls. Alternative specifications include time-trends and year-fixed effects to
control for non-linear global exposures are also robust.

The explanatory variable C, ; captures natural disasters. The coefficient of interest
is BY, which measures the total change in economic outcomes as a consequence of the
occurrence of natural disasters. The OLS estimate of 8Y intends to capture the total

impact of natural disasters. 4

5.2.1 Identifying the Impact through Climate-Driven Migration

The empirical model in Equation 8 does not rule out climate-driven migration impacts
on economic outcomes. Indeed, 5Y should be interpreted as a combination of the effect
of climate-driven migration and other direct climate-related factors.

The following empirical setting allows for the identification of the impact of
climate-driven migration and links it to the total impact estimated in Equation 8.
Consider, without loss of generality, a simplified model of economic outcomes denoted

by ¥,+; migration flows denoted by AM,;; and natural disasters captured by C,;.*

13We are interested in the impacts of climate on new migration flows, conditional on initial migra-
tion levels. Not including initial levels of migration would lead to amplification bias of the estimated
impact of new migration flows.

14See Appendix B.2 for a detailed discussion

15 Appendix B.2 shows how results are robust to the inclusion of additional control variables.
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Yot = aCoy + " AM,, + ui’,t,
AMo,t = ﬁCCo,t +u

o,t?

Proposition 1. Suppose C' L u™ u¥ and but E(u¥u™) # 0. Assume ezists Z such
that E(ZAM) # 0 and E(ZuY) = 0.

1. The total impact of natural disasters on economic outcomes y

Jy

% — ac + (]{777)/8C7 (9)
is identified from )
= E(Cy

that s, can be identified by regressing cross-border migration, Y, on natural

disasters.

2. The mediation effect of climate-driven migration

oy O0AM e
oaM oc O (11)

is identified from:

E((y — a°C — a™AM)C)

0
E((y — a°C — a™AM)Z) =0

This is, a 2SLS using Z as instrument when regressing economic outcome vy,
on natural disasters, C, and the migration flows will identify a°. Therefore, the

mediation effect is identified.
Proof. See Appendix B.2 m

Proposition 1 shows how to identify the mediation effects of climate-driven migra-
tion when an instrument for migration is available. This proposition can be extended
when allowing for additional feedback-loop effects of economic outcomes on migra-
tion. Appendix B.2 provides more details about the interpretation of our results and

further extensions.
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Our decomposition is also instrumental to delivering a plausible instrument for
cross-border migration: destination factors. Such factors are by construction orthog-
onal to origin-level factors, and hence, plausibly exogenous to unobserved variation
that explains economic outcomes. At the same time, destination factors explain about
30 percent of cross-border migration.!®

To address endogeneity concerns, our method exploits the variation in destination
factors and controls for initial development levels. Migration is an endogenous object
that depends on economic performance and economic incentives. We address this
concern in the mediation analysis method used to quantify the direct and indirect
effects of climate through migration. Precisely, we use instrumental variables to
decompose total impact of migration following the mediation analysis. We also control

by initial development levels and pre-existing conditions.

5.2.2 Results

Table 4 presents the estimation results about the impact of climate on macroeconomic
outcomes. The first row depicts the overall impact of climate disasters on several
important macroeconomic variables, such as agricultural GDP, inequality measured
by the Gini coefficient, employment, and remittances. As expected, climate disasters
are found to reduce agricultural output and employment, with both of these effects
being statistically significant, and increase income inequality and remittances (albeit
these findings lack statistical significance). In turn, Table 4 also presents results
about the portion of the overall climate impact that is being mediated via climate-
induced migration - interestingly, climate-induced migration is found to account for

an important portion of climate’s overall impact in the case of agricultural output!”,

Gini, and remittances. ®

There are four key findings worth highlighting. First, higher climate-induced mi-
gration is associated with lower agricultural output!?—accounting for about 15 percent
of climate’s overall negative impact on agriculture—and this effect is statistically sig-
nificant. Not surprisingly, in the impact of climate-induced migration is in the same

direction as the overall climate impact, reinforcing the other climate components.

16That is, when including origin-country and global factors, we can explain 70 percent of the
variation of cross-border migration.

1"We present the impacts on agricultural GDP as this sector is directly impacted by climate
disasters. Impacts on total GDP are subject to a broader set of shocks and large uncertainty.

18 Additional tables with the full specification to measure the impact of climate through other
channels are in Appendix B

19We present the impact of agricultural GDP as percent of initial GDP.
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Table 4. Impacts of Climate Disasters on Macroeconomic Outcomes

) (2) (3) (4)

Agricultural GDP Gini Employment Remittances

Total Impact of Disasters -0.0559** 0.0423 -0.0401%* 0.0051

(0.0244) (0.0293) (0.0219) (0.0173)
of which
Mediated through -0.0083*** -0.023%** -0.001 0.0202%**
Climate-Driven Migration (0.0026) (0.0083) (0.0009) (0.0041)
Other Channels -0.0476** 0.0657** -0.0400* -0.0151

(0.0218) (0.0323) (0.0211) (0.0214)
Observations 576 453 643 629
Number of Countries 130 120 130 131
Country Fixed Effects YES YES YES YES

Standard errors in parentheses
*E p<0.01, ** p<0.05, * p<0.1

This table presents the effect of natural disasters on macroeconomic outcomes. The dependent
variables are: Agricultural GDP, measured as percentage of initial GDP (0-100); gini index
(0-100); employment as percent of 15+ population (0-100); remittances as percent of GDP (0-1000.
Natural disasters measured as the number of climatological disasters in EM-DAT in the 5-year
window. Regressions control for initial population and previous population change, initial migrant
stock, 1st and 2nd lag of natural disasters, lagged average temperature difference with respect to
1950 levels, initial altering land, and lagged outflows, and lag of the dependent variable. The
observation level is country-time, where time is measured by 5-year windows from 1990 to 2020.
Sample is selected based on data availability since 1995. The total effect is measured from the
coefficient from the regression of the dependent variables on natural disasters without controlling
for migration outflows. The direct impact through other channels is measured as the coefficient on
disasters controlling for migration outflows instrumented using destination-level shocks. The
indirect effect mediated through climate-driven migration is the residual.
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Second, while climate disasters are associated with lower income inequality—as mea-
sured by the Gini coefficient—climate-induced migration actually helps mitigate this
overall impact, as migrants displaced due to climate disasters may be more likely to
also belong to the bottom segment of the income distribution (hence, their depar-
ture may mitigate climate disasters’ overall role in raising income inequality). Third,
the positive impact of climate-induced migration on remittances offsets the nega-
tive impact of the remaining climate-related factors on remittance inflows, thereby
explaining the positive—albeit not statistically significant—overall impact of climate
disasters on remittances. Fourth, the impact of climate and climate-driven migration
on employment is negative, although estimated with high uncertainty. The impact
of climate-driven migration is not significant, likely reflecting opposing forces acting
on employment: on one hand, under inelastic labor demand or when a large share of
migrants are unemployed, the impact on the employment ratio to population should
be positive, in line with lower population due to migration; on the other hand, under
large elasticity of supply, the impact of climate-driven migration should be negative.
Overall, these three findings and associated conjectures may deserve more in-depth
analysis to understand the underlying reasons when climate-induced migration rein-

forces or counterbalances climate’s remaining impact on macroeconomic outcomes.

5.3 Robustness

Measurement of Climate Disasters A potential threat to identification is the
increasing reporting of disasters. Indeed, coverage of less-deadly disasters has in-
creased over time, most notably from 1900 to 1980. The time period we consider is
1995 to 2020%°, less affected by increase in coverage.?! Furthermore, the sample of
countries in our main specifications includes countries that started reporting before
1995.

To address this potential threat, we estimate the impact of natural disasters with
reported deaths above 100 and show the results are broadly aligned to our main
specification. Table 5 presents the impact of natural disasters on cross-border migra-
tion when limiting disasters to those with reported deaths above 100. The estimated

impact of disasters is positive and significant on both migration outflows and the

20 Available data on cross-border migration stock starts in 1990. The decomposition method we
use leverages the growth rate of the cross-border migration stock, and hence starts in 1995.

21For example, the number of reported storms in the Americas in 1990 is comparable to that one
in 2010
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Table 5. Impact of disasters limited to more than 100 deaths

(1) (2) (3) (4) () (6)

Origin Origin Origin  Outflows Outflows Outflows

Disasters 0.0799%  0.0816* 0.0801** 0.0838** 0.0937** 0.0907+*
(above 100 deaths)  (0.0449) (0.0445) (0.0447) (0.0389)  (0.0397)  (0.0394)

Observations 657 657 657 664 664 664
Number of Countries 135 135 135 135 135 135
Country FE YES YES YES YES YES YES
Time FE NO NO YES NO NO YES
Time Trend NO YES NO NO YES NO
R-squared 0.449 0.450 0.453 0.637 0.643 0.644

Standard errors in parentheses
K p<0.01, ** p<0.05, * p<0.1

This table presents the regression of migration outflows and origin level shocks on natural disasters
excluding disasters with less than 100 deaths. Origin stands for origin-level shocks as estimated
using the method proposed in Amiti-Weinstein (2018) and measured as percent of initial
population; Outflows stands for migration outflows as percent of initial population. The
explanatory variables are: Natural disasters with more than 100 deaths measured as the number of
climatological disasters in EM-DAT in the 5-year window. Regressions control for initial
population and previous population change, initial GDP growth, initial migrant stock, 1st and 2nd
lag of natural disasters, lagged average temperature difference with respect to 1950 levels, initial
altering land, and lagged outflows. The observation level is country-time, where time is measured
by 5-year windows from 1990 to 2020. Sample is selected based on data availability since 1995.

origin-level factor. 2 A one standard deviation increase in disasters with more than
100 deaths increases cross-border migration outflows by 0.23 percent of the initial

population.

Mediated impact of economic-outcomes Macroeconomic outcomes could shape
the impact of climate shocks on migration. For example, climate-related declines in
agricultural productivity and overall labor demand could lead to persistent drops in
wages, and thus affecting migration incentives. Determining the magnitude of these
indirect effects is crucial for policymaking, as it can offer valuable insights for targeted
policy implementation.

Evaluating the mediation of climate-related shocks via macroeconomic outcomes

22Note that the impact on cross-border migration is significant, against the results presented in
the main section that find a non-significant effect. The channel through which disasters operate
is origin-factors, with a coefficient that is not statistically different from the one on cross-border
migration.

21



Table 6. Bounds to Mediation of Macroeconomic Variables

Mediating Variable Identified Sign Lower Bound
(Percentage of total effect)
Agricultural GDP Positive 7.87
Confidence Interval (0.00 -14.32)
Employment Positive 6.34
Confidence Interval (0.02-12.47)
Gini Positive 9.74
Confidence Interval (3.61-15.87)
Remittances Not identified -
Lower Bound of Indirect Impacts Positive 18
Upper Bound of Direct Impact Positive 82

poses empirical challenges, as it requires exogenous variation in macroeconomic out-
comes unrelated to other domestic factors affecting both migration and climate shocks.
In other words, identifying the mediation impact requires an instrument for macroe-
conomic outcomes as in other IV settings. However, given the endogenous nature of
migration and macroeconomic outcomes and the link of migration to labor demand,
finding an appropriate instrument for macroeconomic outcomes is rather difficult.

To address this challenge, we propose a novel approach that provides upper and
lower bounds for the estimated mediated effect of key economic outcomes. Our
method extends Dippel et al. (2021) by using the exogenous variation from the oc-
currence of disasters and destination factors that explain migration in a simultaneous
equation approach. The bounds we propose identify the share of climate impacts
on migration that are explained through macro-economic outcomes. Appendix B.2.
provides details on the approach.

Our findings suggest that macroeconomic outcomes intensify the impacts of cli-
mate on migration. Table 6 shows that overall, identified macroeconomic outcomes
could explain at least 18 percent of the impacts of climate on migration. Impacts
through productivity are likely large, as mediated impacts of agricultural GDP and
employment suggest. Importantly, our findings suggest unskilled-labor intensive sec-

tor are likely more affected, as the results on inequality suggest.
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Impact of Climate on Immigration An additional question is whether climate
disasters in the countries of destination affect migration inflows. We assess this ques-
tion by estimating the impact of disasters in the country of destination on cross-border
migration inflows in the country of destination. Table 7 presents the results of the
impacts on inflows and the identified destination factor. The point estimate is nega-
tive, reflecting that disasters in the country of destination reduces migration inflows.

However, the estimates are not statistically significant.

Table 7. Impact of Disasters in Destination Countries on Inflows to Destination

(1) (2) (3) (4) (5) (6) (M) (8)

Destination Destination Destination Inflows Inflows Inflows Destination Inflows

Disasters -0.00114 0.00439 -0.0136 -0.00490 -0.00511 -0.00536

(In Destination) (0.0110) (0.0137) (0.0159) (0.00659) (0.00736) (0.00700)

Disastersx Advanced -0.0192 -0.00674
(0.0482) (0.0261)

Disastersx EMEs -0.0127 -0.00512
(0.0144) (0.00639)

Observations 672 672 672 672 672 672 672 672

Number of Countries 135 135 135 135 135 135 135 135

Country FE YES YES YES YES YES YES YES YES

Time Trend NO YES NO NO YES NO NO

Year FE NO NO YES NO NO YES YES YES

R-squared 0.217 0.221 0.226 0.588 0.591 0.591 0.226 0.591

Standard errors in parentheses
5% 5<0.01, ** p<0.05, * p<0.1

This table presents the regression of migration inflows and destination level shocks on natural
disasters. Destination stands for destination-level factors as estimated using the method proposed
in Amiti and Weinstein (2018) and measured as percent of initial population; Inflows stands for
migration inflows as percent of initial population. The explanatory variables are: Natural disasters
at the country of destination measured as the number of climatological disasters in EM-DAT in the
5-year window. Regressions control for initial population and previous population change, initial
GDP growth, initial migrant inflow, 1st and 2nd lag of natural disasters, lagged average
temperature difference with respect to 1950 levels, initial altering land, and lagged outflows. The
observation level is country-time, where time is measured by 5-year windows from 1990 to 2020.
Sample is selected based on data availability since 1995.

6 Model Implications

To quantify the impacts of adaptation in alleviating the effects of disasters on cross-
border migration, we introduce migration to a medium-size general equilibrium model
with disasters, the DIGNAD model (Debt-Investment-Growth and Natural Disasters)
that we calibrate using the identified effects of climate on migration. DIGNAD is a
workhorse model to study the effects of climate risk due to natural disasters and how
investments in adaptation infrastructure can help mitigate these risks. We introduce
endogenous locational choices of households and calibrate the key moments of the
model using our empirical identified effects of disasters on cross-border migration and

other economic outcomes.
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6.1 Introducing Cross-Border Migration

We introduce endogenous migration allowing for locational decisions of workers as in
other dynamic migration models in the literature (Caliendo et al., 2023). Migration is
forward-looking and workers maximize the life-time utility and decide optimally where
to locate each period subject to mobility frictions and idiosyncratic taste shocks.

In what follows, we describe the key elements we introduce to the DIGNAD model
to allow for endogenous migration choices. Hand-to-mouth Workers maximize the

life-time utility. The recursive value function of a worker living in country j is
Vie=Inc +2 + max PE (Vd,t+1 — Mg+ V5d,t)> (12)
de{origin,abroad}

where ¢/ is per worker consumption and z’ is the non-monetary value workers
assign to location j. Additional non-monetary moving costs are captured in m; 4,
which are assumed to be zero if the worker stays in the same location. Non-monetary
costs allow the model to add an additional motive of migration, besides those captured
in the economic benefits related to wages and productivity. Additionally, 4, are
idiosyncratic locational shocks, assumed to be drawn from a Fréchet distribution
following the trade literature as in Caliendo et al. (2023). The idiosyncratic shocks
allow for tractability of the problem and their variance will determine the aggregate
elasticity of migration with respect to wages in equilibrium.

To understand the economic motives of cross-border migration, we present here the
budget constraints faced by workers in the home country and abroad. The aggregated

budget constraint of hand-to-mouth workers living at their home-country is
C«;)rigin = C?rigmLorigin,t = WtLom'gin,t + Remt + Tt> (13)

where W are local wages determined in equilibrium, Loy;gin+ are hand-to-mouth work-
ers living at the home-country, Rem, are remittances received from abroad, T; are
lump-sum transfers. Similarly, the aggregated budget constraint of hand-to-mouth

workers living abroad is
abroad abroad
Ct = Wt Labroad,t - Remt; (14)

where Wer°ad are wages in the country of destination, assumed to be exogenous,

Labroad, are hand-to-mouth workers living abroad. We assume remittances are exoge-
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nous, but we allow for endogenous remittances as a robustness check. From equations
13 and 14, it is clear that the wage differential will partially determine cross-border
migration motives. Besides wages, social transfers and remittances could alleviate
cross-border migration.

Finally, the evolution of migrants abroad will be determined endogenously and
balancing economic trade-offs of migrating. More precisely, the fraction of workers

that migrate is governed by the following expression:?3

-1 1/v
Nmigrate,t = Qmigrate eXp(ﬁE‘/abroad,t - morigin,abroad,t) / ) (15>

where Qigrate 18 the outward migration market access,

Qmigrate = eXp(ﬁEV;zbroad,H—l - morigimabroad,t)l/y + eXp(ﬁEV:)rigin,t—ﬁ—l)l/V; (16)

and thus defining the stock of migrants abroad as:

Labroad,t = (]- - H’repat,t)Labroad,t—l + ﬂ/migrate,tLorigin,t—la (17)

with Loyigin + Labroad = L. Note that the migration outflow from country of
origin is migratetLorigint—1, With imigrates the fraction of workers that migrate. The

repatriation inflow is ftrepat,t Labroad,t—1-

6.2 Calibration: From Empirics to the Model

To assess the economic effects of adaptation on cross-border migration and other eco-
nomic outcomes using a model, it is necessary to discipline the baseline calibration
using the identified moments in the data. First, the steady-state should reflect the
average cross-border migration of the period in consideration. Second, the baseline re-
sponses should match the response of cross-border migration and economic outcomes
to a long-term intensification of disasters.

The steady-state calibration matches the stock of migrants to total population ra-
tio. We calibrate the migration costs in the model (m) to match the stock of migrants
as percent of total population. In the baseline, non-monetary benefits of migration z
are assumed to be zero. Without loss of generality, the remaining parameters follow

a standard approach and match the macroeconomic moments.

23 A similar expression governs the fraction of workers that returns to the home-country Hrepat =
-1 1 . _ 1
Qreturn eXP(BEVorigin,t _mabroad,origin,t) /v with Qreturn = eXp(BEVabroad,t) v +eXp(BEVorigin,t -
mabroad,origin,t) /v

25



The baseline response is disciplined to match three important impacts of a one-
standard deviation increase in disasters in the long-run: (1) the GDP responses; (2)
climate-driven migration; and (3) the mediation through macroeconomic outcomes.
First, the baseline response matches about 1 percent decline of GDP in the long-
term following a one-standard deviation shock in natural disasters, equivalent to the
response of the agricultural GDP. Second, the cross-border migrant stock increases by
0.53 percent of the initial population in the long-run in the baseline response. Third,
we assume about 20 percent of the migration response is driven by wage differentials,
in line with our empirical results.

To discipline the baseline response, the variance of preference shocks and non-
monetary benefits of migration are instrumental. The variance of preference shocks
governs the elasticity of cross-border migration to migration trade-offs, which is clear
from equation 15. Hence, the variance of preference shocks will be key to matching
the response of cross-border migration to the intensification of disasters. To balance
the share of migration that could be attributed to macroeconomic outcomes, we use
non-monetary benefits of migration (z).

We calibrate the model for CAPDR, a region largely affected by disasters and
cross-border migration outflows. The initial migrant stock is estimated at 4.2 percent
of population for the average CAPDR country. The remaining parameters are stan-
dard and match the average CAPDR economy. Appendix A presents the parameters

used in the model.

6.3 Counterfactual Analysis: The Effects of Adaptation on Cross-Border
Migration

Our counterfactual analysis compares the impacts of a long-term shock in the number
of disasters in two economies that differ in public capital adaptation levels. We assume
the baseline economy does not invest in adaptation, while 50 percent of public capital
is resilient in the counterfactual economy. The shock we consider corresponds to a
one-standard deviation increase in natural disasters, associated with a shock in real
GDP of 1 percent in the baseline as discussed in the previous section.

Figure 6 presents the counterfactual exercise. Panel a) shows that cross-border
migration can be attenuated via resilient infrastructure. Climate-driven migration,
estimated at about 0.5 percent of the initial population without resilient capital,
could be reduced by about 0.2 percent of the initial population by having invested

on 50 percent of resilient public capital. The transmission channels are via lower
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GDP losses, as depicted in panel b), with important impacts on private investment
resiliency (panel d). Significant fiscal gains are reaped. Fiscal deficit and public
debt increases moderate significantly when the government invests in resilient public

capital (panels e and f).

7 Concluding Remarks

Positioned at the intersection of migration and climate change—two critical forces
shaping the economic outlook of many economies across the world—our novel analysis
arrives at a set of findings that shed light about the impact of climate on cross-
border migration. First, our decomposition of cross-border migration outflows into
origin-country, destination-country, and global shocks demonstrated that all of them
have contributed to understanding migration patterns over the past three decades.
Moreover, our analysis shows considerable differences in the relative importance of
these shocks: while all three shocks—origin-country, destination-country, and global—
contribute to outflows from EMDESs, only the global shocks seem important for ad-
vanced economies. In this context, it is worthwhile noting that origin-country migra-
tion shocks have gained importance as driver of cross-border migration in EMDEs
over the period 2005-2015.

Second, our regression analysis implies that climate disasters play an important
role in explaining origin-country migration shocks, albeit less for overall migration
outflows. The impact of climate disasters is particularly large and statistically signif-
icant for low-income countries (LICs) and emerging market economies (EMEs), while
it is considerably smaller and not statistically significant for the group of advanced
economies, likely reflecting better infrastructure to address the impact of climate in
the latter group. This effect is also economically meaningful. On average, a one stan-
dard deviation increase in the number of climate disasters (3 extra climate disasters
per year) is associated with an increase in outward migration by about 1/2 percent
of the initial total population in LICs and EMEs over a five-year period.

Third, the impact of climate disasters on cross-border migration may critically de-
pend on the actual size of the affected country: smaller economies—either measured
by population size or land area-—experience relatively larger increase in outward mi-
gration as a result of climate disasters.

Fourth, while climate disasters lead to higher migration of both genders, the im-

pact seems to be particularly important for males from LICs. Overall, the impact of
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water-related disasters seems relatively larger than the impact of heat-related disas-
ters in driving migration outflows.

Fifth, looking forward, the results suggest that not only actual climate events
and disasters play a role in the migration nexus, but also the anticipation of climate
events—as captured by firms’ perceptions and assessments of climate-related risks—is
associated with higher migration outflows.

Sixth, an important portion of climate’s overall impact on economic outcomes
captured via climate-driven migration, which is associated with lower (agricultural)
output and higher remittances, and plays an important role in mitigating climate’s
adverse impact on income inequality.

Finally, our model implies that investment in resilient infrastructure can reduce
the impact of climate on cross-border migration: countries that invest in resilient
public capital stock experience economic gains via lower climate-driven migration.

Our analysis also opens venues for future research. For instance, understanding
the underlying reasons why climate-induced migration reinforces climate’s on macroe-
conomic outcomes in some cases but offsets it in others could be a promising area for
in-depth analysis in the future. Besides the model implications about the investment
in climate-resilient infrastructure, our analysis may also shed some light about the
relevance of reinforcing social safety nets and enhancing climate mitigating measures
to contain the adverse economic effects of climate shocks. Additional policy measures
are warranted, including to tackle some of the other root causes of displacement that
are amplified by climate change such as poverty, inequality, and violence.

In this paper we focus on cross-border migration and the impacts of climate, yet
internal migration is also an important channel. Future research is warranted to
assess the impacts of climate on internal migration, its interaction with cross-border

migration, and how they affect macroeconomic outcomes.
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A Appendix. Methodological Annex

A.1 Refining the Decomposition Method

We refine Amiti and Weinstein (2018) to allow for migration crises heterogeneously
affect countries at the border. This disproportionate impact is a stylized fact of mas-
sive migration events. Note that in normal times, network effects would be linear and
hence unaffected. We allow for this non-homotheticity to capture disproportionate

effect during crises only as follows:

Go,dt = Of,f’[d” + Oot + Dyt + Gy + €044, (18)

where 027" is an additional factor that captures the non-homotheticity. We identi-

fied 11 episodes of massive migration.

A.2 Identification

Let C' be natural disasters (or treatment). The equation that governs cross-border

migration outflows Y is
Y =B0C+ X +¢, (19)

where £ is an unobserved confounding variable and X is a mediator variable also
impacted by C":
X = BEC+ By + &%, (20)

X

where €% is an unobserved confounding variable. Note we allow for impacts of

cross-border migration on Y through 3:¥ > 0.

Proof. We prove Proposition 1. Cross-border migration outflows are
Y = BEC + BB C + % + BreX. (21)
We write
Y = (B8 +BxpE)C +¢&, (22)

where C L &Y. Then, we can identify the total impact of natural disasters via
regressing Y on C.

Part 2 of proposition 1 comes from orthogonality assumptions. Note identification
requires corr(CY') # 1.
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Also note that following the Frisch—-Waugh—Lovell theorem, regressing cross-border
migration, Y, on natural disasters, C, and the mediation variable, X will return the

coefficient on X:

By = (XTMeX) ' XM Y, (23)

Where M is the complementary projection matrix. Note that

MoX 5 X, (24)
and
McY B eV 4 gret. (25)
It follows
Ba - BX, (26)
O

The model implied solution of cross-border migration is

V=8 + 6 + 0, (21)
with u, = me¥ + mpyeX, and m = (1 — 8% 55%) "

Proposition 2. Suppose C L £X,&¥ and ¥ L £X. The total impact of natural

disasters on cross-border flows,

AY
AC m(fe + BxBE), (28)
is identified from cy)
-~ ECY
b= m, (29)

that is, can be identified by regressing cross-border migration, Y, on natural disasters.
Proof. Follows from exogeneity assumptions and 27. O]

Proposition 3. Suppose C L eX,&¥ and ¥ L . The OLS coefficient on X after

regressing Y on C and X converges in probability to

Y 2 X 2
/BXO-EI + /BYO-Ey

o, + (B )02,

By 3=

(30)
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2

where o7
x

and ng are the variance of unobserved components as defined in the em-

pirical model.

Proof. We apply the Frisch-Waugh-Lovell theorem noting that

MoY B u, = me” +mpie, (31)
which follows from the model solution. Similarly,

McX B u, = me® + mpieY. (32)
Assuming m # 0 and m bounded, it follows

By = (X"McX)'X"™MY
£> B}Y(O-EI —|—ﬁ§)/(0'§y — )
o+ (BFRa2, ~

O

Proposition 4. Suppose C L e &Y and &¥ 1 X with B and o? known. Then,

regarding the mediation impact of X on Y:

1. The sign of B% is identified when sign() x sign(B%) = —1
2. 3% is bounded.

a. (Regions I and II) If 3 < 0 cmdﬁ~ < 0 the upper and lower bounds

are: 9

A1+ @) < sk <4 3

where o2 is the variance of Y.

b. (Region IV) If B > 0 and BY < 0 with B < 0 the upper and lower

bounds are:

3 x\2 0% ¥ 0Y Y 5

B 1+<5Y)U_2 _BYJ—QSB)(S@ (34)
c. (Region III) If B < 0, with B> 0 the upper and lower bounds are:

p \ P x\2 0% ¥ Oy

BBy <B(1+BP5) -8 (35)
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d. (Region V and VI) If 3% > 0, with B> 0 the upper and lower bounds

are:

x 0% Y 7 x\2 0%
—BYU—Qﬁﬁxﬁﬂ 1+ (By) 52 (36)
Appendix Table A1l. Regions of estimated impacts
By <0 BF>0,8<0| 83 >0,6>0
5% <0 I) IV) V)
By > 0,8 <0 1) n.a. n.a
% >0,6>0| III) n.a. VI)

Note that economic intuition would imply that the relevant region are I (typical case) and IV
(when remittances have positive impacts on GDP)

Proof. First, we note that from the definition of B, if the sign of 3 and B differ, we
can identify the sign of 8%. Second, note that from the definition of B:

Y _ 7 X2i _ Xa_gy
BX _/6 ]'—'_(BY) o2 Y0_2 (37)

Ex Ex

Third, note that the variance of €y is bounded:
2 2
0< oz, < oy

Therefore, we can provide bounds for S%. Note also the bounds depend essentially
on the identified signs of B and B O

Now, note that if we were to have an instrument for Y uncorrelated to ey and C,
we could identify 3;f. Note this also implies we could identify O‘EQX.

We argue that a partition of cross-border migration flows is uncorrelated to do-
mestic conditions. In particular, we use destination-level shocks as identified in our
setting to instrument for cross-border migration flows. The following assumptions are

needed:

e Exogeneity: We require destination-level shocks to be orthogonal to unobserved
confounders of domestic variables and only to impact macro-outcomes through
migration. Given we have multiple shocks (and we are just aggregating them),

we could potentially partially evaluate the exogeneity assumption.

e Relevance: We need to verify that the F-stat in the first stage is larger than 50.

A preliminary assessment gives me an F larger than 20.
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B Appendix. Additional Tables

Appendix Table A2. Model Parameters

Parameter  Values Parameter Values Parameter  Values Parameter Values
121y 0.06 0 0 0za 0.03 As 0.5
zay 0 0 0 Yai 0.5 A6 0.5
ho 0.12 0 0 Vs 0.5 r* 0.04
hlo 0.1 Qratio 0.8 Yaz 0.5 O 0.05
sharey, 0.28 So 0.5 pgammarg. 0.5 On, 0.05
shareg 0.05 Qg 0.5 fo 0.05 T 0.34
shareg, 0.27 o, 0.5 A 0.2 10} 100
sharepstar 0.2 Oy 0.4 An 0.4 105 0
70 0.05 Qay, 0.55 Anl 0.4 n 1
T4CO 0.06 Tnd,, 25 v 0.5 etag 0
sharegrants 0 Ura 0.25 A1 0.5 Tip 0
oilro 0 R.io 0.25 Ao 0.5 Oy 0
share,emit  0.15 R..0 0.3 A3 0.5 On 0
imp2gdp 0.48 0z 0.075 A\ 0.5 nITpsi 1

w 2.41
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Appendix Table A3. Summary Statistics

Variable Obs Mean Std. dev. Min Max
Total Disasters 675 10.16741 16.84358 0 127

Log GDP per capita 684 9.014431 1.207397 6.051807 11.78874
Average temperature 698 0.957702 0.428512 -0.096 2.434
Log Migrant Stock 714 12.78685 1.769527 7.103322 16.58093
Log Population 714  15.73919 2.106014 10.12206 21.04525
Origin Factor 714 0.049005 1.721234 -5.9426  8.823364
Global Factor 714 0.7683 0.942376  0.003623 7.372074
Destination Factor 714 0.270471 1.499605 -7.61006 8.440207
Migration Flow 714  1.087775 1.971751 -8.86778 14.58284
Log Altering Land 709  7.066878 3.09006 -3.06873 12.23883
Agricultural GDP 679 12.23149 11.49112 0.015978 71.7793
Remmitances 661 4.002281 6.838162 0 73.05267
Employment 678  56.862 11.17569  23.4454  85.0562
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Appendix Table A4. Impacts of Climate Disasters on Cross-Border Migration

(1) (2)

VARIABLES Origin Factor Outflows
Total Disasters 0.0313%** 0.0159
(0.0115) (0.0110)
Initial Temperature 0.188 0.556%*
(0.298) (0.234)
Lag Total Disasters -0.00662 0.00208
(0.00699) (0.0125)
2nd Lag Total Disasters -0.00760 0.00394
(0.00843) (0.0113)
Lag Event 4.299%* 4.539%**
(2.583) (0.869)
Log Initital Stock Migrants — -1.324%**% 1 157%%*
(0.467) (0.300)
Lag Population Growth -0.0487 -0.000908
(0.0462) (0.0202)
Log Initial Population 1.722%* 0.241
(0.754) (0.548)
Lag Origin Factor -0.0639 -0.139%**
(0.0672) (0.0388)
Lag Altering Land 0.138 0.0874
(0.428) (0.416)
Lag Migration Flow 0.0156 0.126%+*
(0.0966) (0.0413)
Observations 657 665
Country FE YES YES
R-squared 0.42 0.60

Standard errors in parentheses
i p<0.01, ** p<0.05, * p<0.1
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Appendix Table A5. Full Model Specification to Measure Climate Impacts through

other Channels

) ©) ®) @)
VARIABLES Agricultural GDP Gini Employment Remittances
Instrumented Migration -0.499* -2.401%%* -0.00445 0.796*
(0.276) (0.567) (0.323) (0.449)
Disasters -0.0476** 0.0657** -0.0400* -0.0151
(0.0218) (0.0323)  (0.0211) (0.0214)
Lag Log Agricultural GDP 3. 127k -3.094*** 1.313%* -0.123
(0.668) (1.166) (0.550) (0.655)
Lag Log GDP per capita -2.851%** 1.808* -0.460 -0.686
(0.656) (1.099) (0.520) (0.605)
Lag GDP growth -0.0756*** -0.0221 -0.00446 -0.00171
(0.0110) (0.0204)  (0.00883) (0.0103)
Lag Agr. GDP growth 0.0158 -0.000900 0.0218%** 0.00789
(0.0106) (0.0188)  (0.00841)  (0.00999)
Lag Av temperature change -0.381 -0.593 0.646 1.024%*
(0.552) (0.784) (0.436) (0.506)
Lag Total Disasters -0.0158 0.0349 0.0165 0.0148
(0.0240) (0.0333)  (0.0191) (0.0217)
Event 5.478* - 3.024 -
(3.008) : (2.381) :
Log Initial Migrant Stock -0.947 -9.848*** 1.738** -0.187
(0.799) (1.879) (0.687) (0.801)
Lag Population Growth 0.137#%* -0.0663 -0.0492 -0.0384
(0.0483) (0.0879)  (0.0386) (0.0446)
Lag Log Population -5 175*** 1.886 -5.258*H* 2.070%*
(1.310) (2.677) (1.068) (1.235)
Lag Origin Factor 0.0572 -0.0931 -0.213%* 0.0897
(0.101) (0.191) (0.0828) (0.0847)
Lag Global Factor -0.781 3727k 0.180 -0.163
(0.637) (1.052) (0.474) (0.535)
Lag Log Altering Land -0.308 0.671 0.769 -1.047
(0.799) (1.284) (0.642) (0.717)
Lag Migration Flow 0.0617 0.384 0.0495 -0.0855
(0.142) (0.263) (0.112) (0.115)
Lag Employment Level 0.569***
(0.0407)
Lag Remittances to GDP 0.472%%*
(0.0215)
2nd Lag Total Disasters -0.0127 0.0522 -0.0506** 0.00175
(0.0248) (0.0356)  (0.0197) (0.0224)
Observations 576 453 643 629
Country FE YES YES YES YES
Number of Countries 130 120 130 131

Standard errggy in parentheses
R p<0.01, ** p<0.05, * p<0.1
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