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1 Introduction

It is now well-known that local weather anomalies are abliepose significant strains on economies
(World Bank, 2010). A topic that has received much media coyebut less academic research is how
exactly these weather anomalies influence the incentivesgrate to places that are perceived to be
less affected by weather anomalies. The amount of peoplédlao leave their homes due to changes
in local weather conditions is believed to be everything dlst negligible. Estimates range from an
annual displacement of 15 million environmental refugehsing the 70s (El-Hinnawi, 1985) to 25
million for the sole year of 1995, of which 18 million origiteafrom Africa (Myers, 1996). Increasing
risks are predicted for the future, with a sea level rise & oreter potentially producing between 50
million (Jacobson, 1988) to 200 million environmental naigis (Myers, 1996). As reviewed by Piguet
et al. (2011), these authors were seeking to raise awarsagssinding the potential impact of climate
change on international migration. However, these estighédack a robust empirical framework and
are mostly extrapolations based on the amount of peoplegliin affected regions. Thus, despite
the comprehensive overview of the Intergovernmental Pamé&llimate Change (IPCC) fourth report,
the lack of robust evidence regarding the relationship betwmigration and weather anomalies is
unfortunate (Boko et al., 2007).

The general knowledge of the effect of weather anomalies ignation is still somewhat limited,
especially for a topic which is so very much at the heart ofrtteelern, international debate. Studies

that investigate the environmental motives for rural-arbagration are, for example, Findley (1994),

1The term ‘environmental refugee’ is itself under discussibhe distinction between refugee and migrant is an impor-
tant policy debate, notably in terms of assistance and gtiote see Black (2001), McGregor (1993), Kibreab (1997) or
Suhrke (1994). In the rest of the paper, the term ‘envirortadenigrant’ will be used. In the data, the people crossing a
border as a result of environmental damage would not be deresi as refugees given the mandate to the UNHCR by the
51 Convention of Geneva, but they would be counted as migjiamtational statistics.

2In its 2010 World Development Report development and Climate Changde World Bank (2010, pp.108-109)
underlines that these “estimates are based on broad ass#s@hpeople exposed to increasing risks rather than zemly
of whether exposure will lead them to migrate.”



Barrios et al. (2006), Henry et al. (2003), Mueller and Osg(@09) or Saldafia-Zorrilla and Sand-
berg (2009). Articles that look at international enviromtag migration are Munshi (2003) and Feng
et al. (2010), focusing on Mexican-US migration, as well @aude (2008), who studies whether nat-
ural disasters induces conflicts which lead to out-migraffor a theoretical work, see Marchiori and
Schumacher, 2011). While each of the articles provides anritapt contribution to our understanding
of how weather anomalies may drive migration, neither ofdfteles studies migration in within the
more holistic perspective that we try to advocate here.

As we shall argue, rural-urban and national-internationigiration are both intimately linked and
ought to be analyzed within a unified framework. It is, theref the objective of this article to provide
a theoretical and empirical analysis of the impact of wead#m®malies on rural-urban-international
migration. Based upon the empirical analysis we also fonaashtative estimate of the number of en-
vironmental migrants in Africa between 1960 and 2000, asasgbrojections of future environmental-
driven migration based on UN population forecasts and IPG@dwclimate scenarios for the end of
the 2Z' century.

What are the stylized facts that a study of rural-urban andnhbternational migration should
integrate? Firstly, it is well-known that weather anomabear the strongest direct impacts on agricul-
tural activities, whereas the manufacturing sector isllesd (IPCC, 2007). Thus, countries with a large
dependency on the agricultural sector are particularlgenable to weather anomalies (Deschenes and
Greenstone, 2007; Fisher et al., 2011; World Bank, 2010) hAsgricultural sector is predominantly
rural, while the manufacturing sector is mostly urban, weuth expect migration from the rural to the
urban areas. Weather anomalies are, therefore, likelysteffarbanization (Barrios et al. 2006, Collier
et al. 2008). As this internal migration implies that morerkers are now available in the urban sector,

this will exert a downward pressure on the urban wage at h@mujding incentives for the urban
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workers to move across borders (Hatton and Williamson, RODBus, international migration can be
seen as a consequence of the increasing pressures in timeanelas following rural-urban migration.
We dub the wage and urbanization effects the so-called aoangeographic channel’. In addition,
one should be able to account for the fact that weather anesnaduld potentially affect international
migration, independently of the wage and urbanization neEn Such a direct impact is consistent
with studies emphasizing how weather variability may aféenenities (Rappaport, 2007) or pure non-
market costs such as the spread of diseases or a higher pitglodloeath due to flooding or excessive
heat waves (World Bank, 2010). Hence, we label this the ‘atpehannel’. In line with these stylized
facts, our framework encompasses the above channels. €beetital model is a continuous time,
two-country model with a rural and urban sector, both pganompetitively. Weather anomalies affect
the productivity in the rural sector. We allow for rural-arband urban-international migration, where
agents compare their wages in the different sectors andmesiwvhen deciding whether to migrate or
not. This model predicts that larger weather anomaliesdedunternational migration through rural-
urban migration. Furthermore, the more depending a coumtig the agricultural sector, the stronger
the impact of weather anomalies on migration.

We then collected a new cross-country panel dataset in twvadéudy whether the theoretical results
hold in practice. Our focus here is on Africa for several jgatar reasons. Inhabitants of most sub-
Saharan countries already live on the brink of starvatidth wften more than 60% of people living
below the poverty line (see UN Human Development Report ZW0A). For example, in 2004 around
800 million people were at risk of hunger (FAO 2004) leadio@tound four million deaths annually.
Since many African countries are heavily relying on agtio@l production (in several countries up
to 90% of the population work in the agricultural sector, B8© 2004), even small changes in the

weather conditions can have significant impacts on peoplesices of survival. Around half of those

3



deaths are believed to have arisen in sub-Saharan AfriceenGieveral very likely scenarios of the
IPCC (2007) that predict increases in temperature and @sclim rainfall for most of sub-Saharan
Africa, the number of deaths could easily double in the nearé (Warren et al. 2006). In the light
of the recent events and IPCC projections one wonders wheltharmost important driving forces
behind the migration decisions in the sub-Saharan regiorouf knowledge, Hatton and Williamson
(2003) are among the first to have conducted an empiricaysisaln the determinants of migration in
Africa. Their study underlines the importance of the wagesgaetween sending and receiving regions
as well as demographic booms in the low-wage sending redarexplaining net migration within
sub-Saharan Africa. While taking into account economic asitipal determinants of migration, they
do not account for a potential environmental push factarriey be important in determining African
migration. The articles that look into part of this questare Barrios et al. (2006, 2010). In their 2006
article, the authors find that weather conditions in subagamAfrica lead to a displacement of people
internally. However, our theoretical model hints at furtb#ects from weather anomalies, namely that
changes in urban centres and relative wages provide miotivedr international migration, too. For
example, increased urbanization is likely to mitigate theact of weather on international migration
due to agglomeration forces. One of our motivations, tleegfis to understand the importance of
these economic geography effects for migration in sub-Gahafrica.

Though most previous studies proxy weather anomalies Imjath(Barrios et al., 2006, 2010),
it is also well-known that a significant part of weather anbesain sub-Saharan Africa is related to
increases in temperature. Even small changes in tempereduarvery often be decisive for whether a
region is semi-arid like Italy or arid like Namibia. Dell et £2009) show that the detrimental impact
of weather anomalies on economic performances is mainkgadiy annual variations in temperature.

Therefore, our aim here is to look specifically at both terapee and rainfall anomalies which provide
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a fairly complete picture of the true extent of weather anasgIPCC 2007).

Our results are as follows. Guided by the theoretical model study the economic geography
channel of weather anomalies on wages and urbanizatiomgbethich the theoretical model predicts
to be the main variables that drive international migrati@eisions. We find that weather anoma-
lies are, especially for agriculturally-dominated couegr an important determinant for international
migration over the period 1960-2000. Our interpretatiorthef empirical results in the light of the
theoretical model is as follows. We find that larger weathesraalies leads to a lower wage. This
induces migration into the cities since cities are gengrait directly (or as severely as rural areas) af-
fected by weather anomalies. Increases in urban centelsdeaglomeration externalities. However,
increased weather anomalies also (indirectly) induce lawkan wages. We find that, overall, the
reduction in the wages outweighs the benefits of urban caratems (or agglomeration forces) and,
therefore, weather anomalies induce out-migration. Basetth® empirical results we then estimate
that a minimum of around 5 million people have migrated imé&ionally between 1960 and 2000 due
to variations in local weather in sub-Saharan Africa. Tei@esents 0.3% of the population or 128’000
people every year. We then project the impact of weather ahesion the future rates of migration
in sub-Saharan Africa based on the moderate IPCC climat@soeklB (see Section 3.5 for details).
These estimates suggest that, in sub-Saharan Africa tewlaedend of the 21st century, every year an
additional 0.12%, 0.34% and 0.53% of the sub-Saharan Afrjcgoulation will move in best, median
and worst weather forecasts of IPCC scenario A1B. Multipligthe medium-fertility UN population
projection for the end of the century, this would amount rewear, to an additional displacement of
4, 11 and 25 million inhabitants in the best, median and wwesither forecast of the IPCC climate
scenario.

This paper is organized as follows. Section 2 introducestliberetical framework. Section 3
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presents the data, methodology and the empirical resutisradtudy. Section 4 concludes.

2 A Theoretical Framework

In this section, we introduce a simple theoretical modet tigdps in motivating the modeling choices
in the subsequent empirical analysis. The model is used aadimap to understand the impact of
weather anomalies on migration flows. For this aim we builbgtified model that is able to describe
the mechanisms underlying the link from weather anomabesutal-urban and urban-international
migration, allowing for the amenity as well as the econongogyraphy channel.

In the following framework, a change in any variableover time is denoted hy;, the derivative by
a subscript. We assume that there exists a mass 1 agri¢wrnieers that may work in the rural sector
or in the urban sector. These workers are thus mobile aceassrs. A shard.,; € [0, 1] constitutes
agricultural workers who work in the urban sector, while- L, work in the rural sector. There are
N, € [0, 1] urban workers that only work in the urban sector but are neadiitoss countries. There are
two sectors, the rural sector with production technol&gyc, 1 — L,), wherec denotes weather, and
the urban sector with™*(N; + L;, N;). Both productions exploit decreasing returns to scale iorf&b

Weather is assumed to affect total productivity in the re@dtor. One would ideally want to
measure weather through a random variable, say z, with supgo|0, oc]. Zero would then represent
the best outcome, while infinity would designate the worst.a@erage we would expect the outcome

E(z) = [;7 2f(z)dz, with f(z) denoting the probability function. In order to allow for anuise

30ur assumption on decreasing returns to scale in agriallpwoduction could be questioned on the grounds of the
replication argument. An obvious remedy in this case is tma the existence of another factor of production, like lan
X, that is constant, non-tradable and unpriced, suchtfat Y%(¢,1 — L, X), with Y* now being homogeneous of
degree 1 inland and labor. This would preserve the reswdsepted above. One could even go one step further and assume
that the new factor of production earns a return itself, bat this return is the residual profit from production. In aage,
the decreasing returns to scale in labor are a crucial aggmthat cannot be dispensed of if one wants the model to have
an interior solution.



and precise theoretical analysis, and without an impottast of generality, we shall avoid modeling
weather as a stochastic process here. Hence, we simplyede@mahdom draw from the distribution
f(z) asc > 0. On average, we would thus expect that F(z), while a year with a worse outcome
would implyc > E(z).4

We take capital and knowledge as given and being encompas#eel total factor productivities.
Both sectors price competitively and prices in each sectogaen. The rural sector produces accord-
ing tow*(1 — Ly, ¢) = p*Y* ;, with w{_; < 0, w? < 0 andlim;_,; w* = oco. The optimal wage in
the urban sector is given hy"(L; + Ny, N;) = p“Y}, with w¥ < 0,w% < 0. While the first part of
w* reflects the total amount of workers active in the urban settte second part stands for a Mar-
shallian externality on productivity that arises from laBbaring, input-output linkages or information
(Duranton and Puga, 2004). It represents agglomeratiectsff Workers compare their wages across
sectors and countries and migrate in case they obtain higgages elsewhere. Within this framework,

agricultural workers then decide to move from the rural ®uhban region according to

Lt :wu(Lt+Nt,Nt) —wa<1—Lt,C). (1)

Thus, the amount of agricultural workers that work in theaurlsector increases if the wage in the
urban sector is higher than in the rural one.
As for international migration, we assume that urban waleampare their wage at home with

the wage of the country they intend to migrate to, denotedtfy — V,); and a direct weather effect,

4In this way we also avoid the analytics associated with aesysif stochastic differential equations and a stochastic
steady state. Though mathematically feasible, we woulde@oh more about migration dynamics.

SFunctional forms consistent with these assumptions age, ¥¢ = A(c)(1 — L)%, a € (0,1), A(c) > 0 with
A’(c) < 0, where A denotes total factor productivity in the rural sector tlsahegatively affected by weather anomalies,
represented by > 0. Also, Y* = B(N;)(L; + N;)?, where By > 0 is the marginal effect ofV on the Marshallian
externality,5 € (0, 1) is the elasticity of labor.



given byg(c), with g. > 0.

We assume that workers that migrate have a negative impaitteoather country’s wage, such
thatw;_, < 0. The termg(c) assumes that weather anomalies also have a direct impagban u
workers through a change in the amenity value of the weathkome. It should capture what we
dubbed the amenity channel. For sub-Saharan Africa, wecespeh amenities to reflect non-market
costs induced by weather anomalies such as poor enviroatregrlity, possible spread of diseases
like malaria, denge or meningitis and consequently inagngasumbers of deaths (World Bank, 2010).

Thus, workers from the urban region migrate internatignadicording to

N; = w*(L; + Ny, Ny) — w*(1 — Ny) — g(c). (2)

As such, urban workers migrate if the net international wexygeeds the wage they would otherwise
obtain in the urban sector at home or if the amenity channedng strong. From now, the subscript

is dropped for presentation purpose.

Assumption 1. We assume thatl) lim; ow*(1 — L,¢) < w*(1 — N) + g(¢); (2) w*(L,0) >

w*(1) + g(c); and (3) w*(L + 1,1) < w*(0) + g(c).

The first part of this assumption basically means that, igticultural workers were to stay in the
rural sector, then the international wage must be highertiarural wage. If it were lower, then there
would be no reason for moving into the urban sector and we dveeé a corner solution ih. The
second and third parts of the assumption simply require @tiemal wage to be sufficiently responsive
to international migration. All three conditions are weakl atraight-forward.

We are now ready to study this rather intuitive model of weatimomalies inducing rural-urban

and urban-international migration.



Proposition 1. At equilibrium, a larger weather anomaly induces internaab migration through

rural-to-urban migration.

Proof. We assume thaV = L = 0. Combining then (1) with (2) gives the equilibrium condition
w*(1 = N)+g(c) =w*(1 — L,c). Sincew*(1 — N) + g(c) > 0, by Assumption 1 antlm;_; w® =

0o, then there exists an interior solution In Taking now the interior solution of. as given, then
Assumption 1 also assures an interior solutiorVin Deriving the weather anomalies’ impact on the

equilibrium locational decisions gives us

dL a U + *_ —q, U
ak uwca(wN @51 N) _ g wiv =~ 0, 3)
de wywi_p +wi_y(wi +wi_p)
dN . Y dL
= = e TL T2y &)
dc wi Fwi_y  wy +wi_y de

Hence, the proposition follows. [

Thus, weather anomalies increase rural-to-urban migrassovell as urban-to-international migra-
tion. Additionally, a stronger amenity effect induces ay&rinternational migration directly, which
increases the wage in the urban sector at home and therevesefgrther incentives for rural-urban
migration. The larger the effect of weather anomalies inrtimel sector, the more pronounced will be
the rural-urban migration, and the larger will be the intgtonal migration.

The next proposition derives the equilibrium dynamics @ thodel.

Proposition 2. The system of equatiorf$) and (2) has an asymptotically stable equilibrium point

(L, N}.

Proof. By Proposition 1 we know that there exists an interior equiiifm solution inL. and NV that we
denote a§ L, N}, where{L, N} solvesN = 0 andL = 0. We derive the Jacobian around the steady
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state{L, N'}. This is given by

u a u
wy +wi_y, Wy
j == 3
(L,N) u u *
Wy, Wy +wy_y

The trace is tf = w} + w{_;, + wl + wi_y < 0 and the determinant idet 7 = wiwi_y +

wi_; (wh + wi_y) > 0. Since the eigenvalues are given by

Mo = %(trji V(trg)? —4detj),

we know that either both eigenvalues are negative or compitxnegative real part. Thus, the equi-
librium point {L, N} is asymptotically stable. Disregarding complex dynamumssimplicity, this

implies that\; < 0 and\; < 0. [

As a consequence, we know that, given a change in the weathditions, bothZ, and N will
converge to a unique, interior steady state.

The storyline that we suggest here is capturing what we\metiebe the most reasonable underly-
ing processes for weather-induced migration decisiorgurgil illustrates the migration mechanisms
graphically. Assume we are at the equilibrium pojit N}, and now the weather condition in the
sending country worsens, such thiat > 0. This has two immediate effects. Firstly, the wage in
the rural sector shrinks, thus shifting thé curve down. This brings forth incentives for rural-urban
migration. At the same time, there is a direct effect fromaheenity value of the environment which
induces incentives for urban-international migrationwdwaer, due to the inflow of agricultural work-
ers into the urban sector, the wage in the urban sector s ¢aer unit ofV), and therefore the curve
w" shifts down. This gives further incentives for urban-ingtonal migration. Due to the Marshal-

lian externality, this effect is not as pronounced as it otliee would be. International factor price
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equalization is then achieved via two channels. Internationigration has a positive effect on inter-
national wage via agglomeration forces and a negativeteffadecreasing returns to scale to labor.
Conversely, the urban wage will increase, as shown by theddtitiew™ curve in the left panel. Given
assumption 2, the later effect will dominate the formerdiag to a decrease in the foreign country’s
wage. We thus arrive at a new equilibrium point that is giveqd b’, N'}.

Simple comparative statics furthermore suggest that ageroagglomeration effect would flatten
the curvew" and thereby diminish the change in international wageshiitthe direct effect of the
amenity value of weather, the curué (1 — N) + g(c) would not shift up and therefore international
migration would be lower. Similarly, with little internathal migration, the curve® in the left part of
Figure 1 would shift up by less, the effect being a lower amadisectoral migratiofs.

To complete the analysis we now derive the effect of weathemalies on several variables that
give us crucial hints for the way we should set up the emgianalysis.

We, firstly, derive the effect of weather anomalies on urbatnon. We here define urbanization as

Y= (L+N)/(1+N).

Proposition 3. Weather anomalies increase equilibrium urbanization & #menity channel is weak

enough and agglomeration forces are sufficiently small.

Proof. Since urbanization is defined @s= (L + N)/(1 + N), then we can easily calculate

dip 1+ N dL 1—-L dN

A (I+NpPde TOFNEde

5The direction of the changes presented here rests cruoilthe assumption that% < 0. If agglomeration forces
were stronger than the diminishing returns to labor in potida, then it could be possible that some effects are reders
However, it seems rather natural for us to assume that wag@sae responsive to migration than to agglomeration tffec
This is also what we confirm in the subsequent empirical amaly
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Substituting forc%, assumingy. — 0, gives

dp 1 (L N)(wh +wiy) — (1- Lwy dL
de  (1+ N)2 wY + wi_ de
Then(1 + N)(w¥% + wi_y) — (1 — L)w¥ < 0 implies £ > 0. O

This result may be explained as follows. Since weather ahesimduce rural-urban migration,
then the subsequent decrease in the urban wage will indtereational migration. As a consequence,
we see an increase in urbanization, since both the numbehabitants decreases and the number of
rural workers in the rural sector decreases. This holdsssritee amenity effect af(c) is too strong or
if the residual ofw}, — wf, representing the effect df on the agglomeration externality, is too large.

The next proposition derives the amenity channel.

Proposition 4. A stronger amenity channel leads to out-migration.

Proof. The amenity effect is given by the effect gfc) on N only. By equation (4), this effect is

negative. O

Therefore, the stronger the effect of weather anomalieb®ainenity value at home, the more will
urban workers be inclined to migrate abroad. We dub this thergty channel since it explains how
weather anomalies affect migration directly without goihgpugh other variables like urbanization or
wages.

Our final proposition is related to a country’s exposure tatlver anomalies. We define a country

that is depending on one sector as one where that sectorqgaeduelatively larger share of GDP.

Proposition 5. The more depending a country is on the rural sector, the giothe impact of weather
anomalies on migration.

12



Proof. From the profit functions we know that a highemplies a lowerY * versusY*. Furthermore,
from equation (3) we know thdt at steady state is increasingdnFrom equation (4), the proposition

thus follows. n

This result seems rather intuitive. Take any country whoB# @ highly exposed to weather
anomalies, then one will also see a larger impact of weathemalies on the country that is more
exposed. This exposure term might be very low for counthasare more urbanized and, thus, whose
production is mostly independent of weather anomalieg ¢iauntries with a larger manufacturing
sector. It could, however, be large for those countriesahatery dependent on the agricultural sector
and where even small changes in the weather conditions theigthto a significant exposure of a large
share of GDP.

This framework leaves out several aspects. For examplasibben established that migrants move
with their demands and can affect consumer prices (SaiZ,;2@&&h, 2007) as well as the profitability
of locally provided goods and services. In addition, migsaran also constitute complementary factors
in the production of the receiving countries and strengtgglomeration economies (Ottaviano and
Peri, 2011). We did not allow for changes in prices, (codtigle in goods or firm re-allocations, and
introduced agglomeration effects as well as consumer ssiigdnsiderations in a somewhat stylized
way. Nevertheless, we believe that the model captures timatiqualitative links of rural-urban and
urban-international migration.

Another point could be that the sending country is a smalhenwy. In this case one would expect
that the receiving country’s wage is not responsive to magonal migration, such that* = w*.
Though this does not qualitatively change the results ptegseabove, we are likely to see a larger

rural-urban and a larger international migration from theaB country. The reason is that, in this case,
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international migration does not drive down the receivingrdry’s wage and, as a consequence, more

international migration is necessary to restore equuitri

3 Empirical analysis

Since Todaro (1980) and the review of Yap (1977), it has becstandard in the literature to relate,
in an aggregate migration form, the migration rate to changexpected income and to changes in
the degree of urbanisation (see also Taylor and Martin (§00&/e will not depart from this tradi-
tion. However, Propositions 1, 3 and 4 of our theoreticaieavork not only point to the importance
of the amenity channel but also to the economic geograplayiG@dome and urbanization) channel
through which weather anomalies could affect internatiomgration. The theoretical model and its
discussion also shed light on possible risks of endogenfsydiscussed above, the self-reinforcing
and cumulative nature of migration makes economic wealththe level of urbanisation potentially
endogenous variables. Therefore, we develop a threetequabdel, with one equation for the net
migration rate, one for GDP per capita and one for the levekrbénisation. We collect a new dataset
of 39 sub-Saharan African countries with yearly data fror@Q@2000. This cross-country panel data
consists of variables on migration, variables describimgweather characteristics, the economic and
demographic situations, as well as several country-spe@fiables. The country list can be found in

Table 1 in the Appendix. Our three-equation model is forradas follows:

14



ﬁ)?pgi )

MIGR,; = [, + 01 WeatherA; + 5, (WeatherA; x AGRI,) + (F3log (W
~rt

—

+6410g(URBr,t) + 6 Xr,t + /BR,t + 67" + Er,t (5)

( GDPpg,,
log :

W) =7 + 'ylWeathel’A,t + Y2 (WeatherAM * AGR'T) + ’}/Znt + ’}/Rﬂg + Yr + Er,t(6)
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This baseline model suggests tidl G R, ;, which represents average net migration rates, can be
explained by a set of weather variables (weather anomdkdisied below)Veather A, ,; by per capita
GDP (GDPpc,,) as a proxy for domestic wage; by the foreign per capita GBPaverage per capita
GDP in the other SSA countries weighted by the distance tatepu (GD Ppc_,.); by the share of
the urban population{RB, ;) as well as by a vector of control variables, (), described below. As
suggested by Propositions 1 and 3, we also allow weather @resio affect international migration
through the economic geography channel, which works itstheyugh per capita GDP and the level
of urbanisation. Proposition 5 also invites us to assesdiffezentiated impact of weather variables in
countries whose economies largely depend on the agrialikactor. We introduce, therefore, interac-
tion terms(WeatherA,; * AGRI, ), whereAG RI, is an “agricultural” dummy, which as in Dell et al.
(2009) equals 1 for an above median agricultural GDP shat®@b’ Denotinga € {3,7,0}, we
also control for any time-constant source of country hefeneity by the use of country fixed effects
a,- and for phenomena common to all countries across time thrtheyintroduction of time dummies,

a;. We also follow Dell et al. (2009) in introducing a time-regifixed effectap,, thus controlling

"We follow Dell et al. (2009, footnote 10) in using 1995 data &gricultural share because data coverage for earlier
years is sparse.
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for the importance of changes in the regional patterns ofatiign in sub-Saharan Africa (Adebusoye,

2006).

3.1 Variables description

Data are collected from several sources to compute theblasiantroduced in the system of equations
above. Descriptive statistics are provided in Tables 2 aftaBle 1 in the supplementary material

offers a detailed description with data sources for thesdfit variables).

e MIGR,,: Thenet migration ratas defined as the difference between immigrants and emgrant
per thousands of population, corrected by net refugee fleas lpelow). Typically research on
international migration uses bilateral data on migratiow8l or stocks to analyze migration into
developed countries. However, such data is barely availfaivldeveloping countries and par-
ticularly difficult to obtain for Africa (over a longer per). The reason is that cross-border
migration in sub-Saharan Africa is poorly documented (@lgt1999)% Thus, we do not use
directly observable data for international migration. e idatton and Williamson (2003), we
rely on net migration flows as a proxy for cross-border migrat This data is available for the
period 1960-2000 and provided by the US Census Bureau. Thésdaaastructed from a com-
bination of directly observable international migraticatalbased on official population registers
and indirect observations, i.e. migration estimates uaingriety of sources, including censuses,

surveys, and administrative recorfd8loreover, as Hatton and Williamson (2003), we account

8Directly observable cross-border migration data for Afrdan be found in the United Nations Demographic Yearbooks
and in the ILO’s International Migration Database, but thnber of entries is very scarce. In order to deal with the lack
of bilateral migration data and to control for possible sdadlependency introduced by such data constraint, we gxplo
spatial weighting matrices in order to capture the influesfceome variables in neighboring countries. In line with the
seminal work of Ravenstein (1885) on the role of distance igration flows, such a weighting also constitutes a way to
take into account the costs of migration across borderssiwdtiould be positively correlated with distance (Clarlg@)9

9The US Census Bureau’s strategy to construct its migratia series can be summarized as follows. First, the US
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for refugees who are driven by non-economic factors andided in the net migration estimates.
To do so, we subtract the refugee movement from the net nogredte. In fact, the US Census
includes net refugee movements in its net migration sesiesing UNHCR refugee data. Using
the same source (UNHCR, 2009), we computerteerefugee movement (NetREF), which is
expressed per thousand of the country’s population, asitieeeshce between the change in the
stock of refugees living in a country (change in refugeeglneg in countryr) and the change

in the stock of refugees from that country living elsewheteafige in refugees originating from
countryr). Nevertheless, our robustness analysis reveals thag@dotg or not to such a correc-

tion in the dependent variable leaves our main findings umgpba (see Section 3.4).

o WeatherA, ;. Weather variableshould capture the incentives for migration that come thhou
weather anomalies. In line with the climatology literat¢see for example, Nicholson, 1986,
1992; Munoz-Diaz and Rodrigo, 2004), we use anomalies initatons and in temperature.
The anomalies are computed as the deviations from the gaaifdng-term mean, divided by
its long-run standard deviation. Rainfall and temperatatte driginate from the IPCC (Mitchell
et al., 2002). Like Barrios et al. (2010), we take the long4wie the 1901-2000 period and

denote the weather anomaly WeatherA, which represents eémfall anomaly (RAIN) or tem-

Census Bureau uses direct net international migrationreaens from country censuses on foreign born population o
data from general sources such as Eurostat, the Interabti@aor Organization (ILO), International Organizatiaor f
Migration (IOM), the Organization for Economic Cooperatiand Development (OECD). Net migration can be estimated
for the intercensal period from census data, especiallynvitheontains information such as place of birth of the foneig
born population or date of arrival and departure. Seconéywio or few direct migration observations are availabke 4B
Census relies on indirect estimation techniques, whictappdied through an iterative process to generate most aigcur
results (US Census, 2010, p.22-26). For instance, the semmhort analysis attributes irregularities in the conguariof
population by year of birth across two or more censuses toniggiation. The residual technique calculates net mignatio
as differences between observed census population distrband population distribution resulting from a popidat
projection that accounts for natural increases but not atiign (US Census, 2010, p.22-26). The residual technique is
likely to include illegal and undocumented migrants conapao the more direct, observational approach.
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perature anomaly (TEMP), as follows

Weatherl}w@lm — M,{JR(WeatherAEvel)
oLE(WeatherAe,.;)

WeatherA , = (8)

where WeatherA,.; . stands for the level of either rainfall or temperature ofrtoyr in yeart,
andulf(WeatherA,,.;) ando®(WeatherA,,.;) are country-'s mean value and standard devia-
tion, respectively, in rainfall or temperature over thegemn (LR) reference period. As pointed
out by Barrios et al. (2010), anomalies allow one to eliminpdssible scale effects and take ac-
count of the likelihood that for the more arid countries aéifiity is large compared to the mean
(Munoz-Diaz and Rodrigo, 2004). The long-term mean givesdaa iof the ‘normal’ weather
conditions of a particular region. Anomalies thus descitbbow far the weather conditions

depart from this normal in a given ye4r.

e GDPpc,,: GDP per capitais used as a proxy for the domestic wage. A comparison with the
‘foreign’ wage should reflect an individual’s economic intiees to migrate. In the tables we use
the short hand notationsfor this variable. One problem for directly translating theoretical
framework into an empirical one is that we do not have sepatata on rural and urban wages.
This is, however, of a lesser problem for the following reesoFirstly, according to our theo-
retical framework, weather impacts the rural wage and u§ibg per capita is a compromise
that may, nevertheless, be a good proxy for the average v&agmndly, our theoretical frame-
work predicts that weather anomalies drive rural and urbages in the same direction. Thus,
whenever weather anomalies reduce rural wages then theylal® down urban wages. This

implies that average wages, proxied by our GDP per capilla,Farthermore, the more easily

10since the anomaly transformation provides a partial ctimedo year-to-year fluctuations, the reader should keep in
mind that we are capturing deviations in the weather frormtbren.
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migrants can move between rural and urban areas the morkhyquidl the wage differential

between both areas be minimized.

e GDPpc_,,: Foreign GDP per capitgroxies the ‘foreign’ wage, i.e. the wage outside the home
country, and is measured as average GDP per capita in thecotlnries of the sample weighted
by a distance functio®." , f(d,.)wage,,, wheref(d,.) = 1/(d,.)>** In the tables we use

the short hand notationg” for this variable.

e URB,,: Urban populationis defined as the ratio of urban to total population in eaclmtgu

and originates from the United Nations (2009).

e Z.;: Our baseline regression includes a setafitrol variables The occurrence of war seeks
to capture the political motivations to migrate. Data on tiaenber of internal armedonflicts
(WAR are used. This is particularly relevant in the case of Africhere internal conflict have
been by far the dominant form of conflict since the late 198Bkeditsch et al., 2002). We
expect a negative sign, as war should lead to out-migratt@nced migration is undeniably an
important feature of migration in Africa. Between the earfys8and the mid 90’s, Africa hosted
30% to 45% of the world total refugee stock. The number ofgeés in Africa has increased
from 1960 to 1995, but due to resolution of conflicts, impott&patriations were made possible

since the 1990’s. Nevertheless, refugees accounted fog@ashare of the total migrastockin

HAlthough Head and Mayer (2004) warn against giving a stmattestimation to this proxy, the ‘foreign’ wage could
be interpreted as the Real Market Potential introduced hyi$lf1954). It is unfortunately not possible to proceed to
the Redding and Venables (2004) estimation of the real mard&ential on the investigated period, given the lack of
bilateral trade data availability before 1993 (Bosker arair€sen, 2008). We use distance data from the CEPII (Mayer
and Zignago, 2006), and more specifically the simple digtaradculated following the great circle formula, which uses
latitudes and longitudes of the most important city (in teraf population). The Foreign GDP per capita is therefore
constructed by making the less restrictive assumptionrdagg migration costs, i.e. increasing linearly with dista. As
indicated in Section 3.4., our results are nonethelessstdblalternative proxies for migration barriers, incluglcolonial
link, contiguity, common colonial ruler and linguistic primity.
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Africa passing from 25% in 1980, to 33% in 1990 and to 22% in®@otnik, 2003)*? We also
follow Hatton and Williamson (2003) in introducing four aawny-specific policy dummies. For
example, Hatton and Williamson (2003) suggest to controttie large expulsion of Ghanaian

migrants by the Nigerian government in 1983 and 1985.

e Time-regional dummieare introduced using the grouping described in Table 1 oAftyeendix.
This should capture the regional pattern of migration ultiesl by several authors. In fact,
across-border migration in sub-Saharan African is notitigied evenly across regions. In 2000,
42% of the international migrants in Africa lived in couesiof Western Africa, 28% in Eastern
Africa, 12% in Northern Africa, and 9% in each Middle and Swrh Africa (Zlotnik, 2003:5).
Moreover, trans-boundary migration occurs often amongtras of the same region, as regions
have their own attraction poles and economic grouping,teggEconomic Community of West
Africa States, the Southern African Development Communiiy the Common Market of East
and Southern Africa (Adebusoye, 2006). Surveys of the @ajmri aged 15 years and older
carried out showed that, in 1993, 92% of all the foreigner$vory Coast, which is a main
attraction pole for migrants in the region, originated fre@ven other countries in Western Africa

(Zlotnik, 1999).

Figures 2.a and 2.b plot net migration rate against raiafadl temperature anomalies, respectively,
for the 39 sub-Saharan African countries of the sample dweeperiod 1960-2000. Temperature is on

an increasing track whereas rainfall exhibits a decregsattgrn, indicating that sub-Saharan Africa

12Gjven the fact that migration data incorporate refugee éiguwe do not follow Hatton and Williamson (2003) in
introducing net numbers of refugee flows as an explanataighia. It would generate an obvious endogeneity problem
due to the simultaneity between this additional variable tye dependent variable. We prefer to substract the negeefu
flows directly from our dependent variable. Still, we willstthat results are not fundamentally changed when we follow
Hatton and Williamson (2003)'s approach. Our estimati@o aiffers from the one of Hatton and Williamson (2003) in
the sense that we include a country fixed effect while thgdepaises a Pooled Ordinary Least Squares (POLS) estimation.
An F-test unambiguously confirms the presence of unobséixed effects and the Hausman test unambiguously supports
the use of a fixed effect model over a random effect one.
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is experiencing weather changes over the period of our ligag®n. Moreover, Barrios et al. (2006)
stress that rainfall in sub-Saharan Africa remained constaring the first part of the 20century
until the 1950s, peaking in the late 1950s and being on a di@anward trend since that peak. While
weather variables indicate clear trends, average net timgrdoes not. Thus, judging purely based on
correlation, it is difficult to state whether net migratiaate and rainfall/temperature anomalies move
together. Furthermore, our identification strategy explgear-to-year anomalies of temperature and
rainfall anomalieswithin countries that cannot be observed in the averaged seriaguiel 2.a and
2.b.

Given the relatively long time period used, the non-stargmature of our variables may be a
point of concern, leading to possible spurious relatignstiMaddala and Wu, 1999). We perform
the Fisher panel data unit root test on the dependent andxfilanatory variables (see Table 2 in
the supplementary material). The tests show that all sarestationary at any reasonable level of

confidence.

3.2 Dealing with endogeneity

Despite the introduction of region-time dummies which a@kely to capture some time-specific and

time-region-specific events, we might be in trouble if anhserved effect is both country-specific and
time-variant. For example, the reputation of migrants erghesence of people with the same nation-
ality could accumulate over time and be specific to some cmmtThere is some evidence for what is
called the ‘friends and relative’ argument, i.e. the faet tinigrants are attracted to locations to which
they already have some relations (see Hatton and William2003). Assume that the presence of
migrants from the same nationality would affect GDP per tzapegatively, it means that our estimates
might be biased downward. Another source of time-varyingbserved effect could result from some
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form of ‘selective’ migration policy introduced both in tes of skills and countries of origin by some
OECD countries. Such factors could impact GDP per capita atehgally affect migration through
another channel than these economic variables. Also, akausrpretation could be problematic
given the potential simultaneity problems that threatendktimation of some variables. Although
empirically the causality from migration to wages is at hestik, we cannot neglect this possibifify.
Our theoretical framework clearly points to a potential @itaneity, since migrants move with their
demand for goods and affect the production in the receiMmtries, and thereby alter wages in both
the country of origin and the destination country.

To be more precise, our theoretical model suggests thdalaamd temperature anomalies affect
the incentives to migrate through an amenity as well as an@o@ geography channel. Though
the amenity channel poses no challenge econometricallyexistence of the economic geography
channel hints at possible endogeneities. The two mainlagdhat comprise the economic geography
channel are, according to our theoretical contributiorgegeand urbanization. Given the results of our
theoretical model as well as those in Barrios et al. (2006) neenell-aware that the size of the urban
population is likely to be endogenous to wages, weather afiesnand several control variables. An
increase in urbanization should theoretically increageiticentives to further migrate as migrants
move with their income and strengthen agglomeration for€ass is what is usually referred to as the
home market effect (Krugman, 1991).

One approach to deal with this simultaneity issue is by tesgpto instrumental variables in a fixed
effect framework that copes with unobserved time-constadttime-region heterogeneity. One of the

difficulties is to find a valid instrumental variable that lilot affect the net migration rate through

13Among others, Card (1990), Friedberg and Hunt (1995), HL®92) as well as Ottaviano and Peri (2011) cannot find
empirical evidence supporting this causal link. With theaption of Maystadt and Verwimp (2009) who study the issue in
the particular context of refugee hosting, no similar assent has been undertaken in the African context.
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another channel than the potentially endogenous varidbleegression (1), we instrument GDP per
capita with the absolute growth in the money supply. Theveglee of this candidate rests on the
importance of monetary variables in determining GDP venmat

Indeed, one of the most familiar rules in monetary policyhis Taylor rule, which links monetary
policy with inflation and the output gap. Under this rule, ahnis followed by e.g. the Fed in the
US, deviations from the potential output should induce ntanyepolicy actions, thus making money
supply, at least for the US, endogenous to GDP. HoweverSaitaran African countries, just like the
Euro area countries, do not follow the Taylor rule but focas/mn fighting inflation. This is also
confirmed in Kasekende and Brownbridge (20¥yho write that “[tjhe implementation of monetary
targeting frameworks in sub-Saharan Africa has, in practoaid little attention to the stabilization
of output.” As a result, monetary policy in sub-Saharan ¢&rcan be viewed as clearly monetarist in
nature. Hence, by changing the money supply, policy makeralae to induce changes in interest rates
which affect the incentives for investments, and therelmdpction and wages. Indeed, contractions
in the money supply have been shown to be the source of sumigstontractions in production as
those during the Great Depression (Friedman and Schwd&@%4)1or as such large expansions as
the Great Moderation (Brunnermeier (2008); Bean (2010); Gstigqt2009)). The channels through
which monetary policy may affect production are now wellebéd, and include direct channels like
the interest rate channel, or indirect ones, like the crédhinnels (see Cecchetti (1995); Gertler and
Bernanke (1995); Mishkin (1996)). Hence, especially in ¢oas with inflation targets like the sub-

Saharan African countries, the causality clearly goes fnoonetary policy to GDP.

14The authors are Deputy Governor and Economic Advisor to thee@or at the central bank of Uganda.
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3.3 Results

We present the main results of this article in Table 4. As ioted by the theoretical model we find
both robust and statistically significant evidence for kb#hamenity channel and the economic geog-
raphy channel. With respect to the amenity channel, we fiatitleather anomalies in agriculturally-
dominated countries induce out-migration. Thus, this sugpthe existence of environmental non-
economic (non-market) pure externalities that exacertbegencentives to move to another country.
Similar evidence has been obtained by Rappaport and Sadd3)@0d Rappaport (2007) for the case
of the US, and by Cheshire and Magrini (2000) for Europe. Thesees suggest that weather-related
migration, in richer regions like the US or Europe, may be tua larger relative valuation of the
environment from rising per capita income. For sub-SahAfana, it seems unlikely that the amenity
channel is due to the fact that people simply want to live acpk with nicer weather per se. Instead,
we would more strongly emphasize the view that the amenignohll most likely captures health-
related or risk-reducing migration. Health-related migna should be mainly due to weather anoma-
lies spreading diseases like malaria, denge or meningi@|l{l Bank, 2010). Indeed, sub-Saharan
Africa is the region in the world with most deaths from madaoir similar diseases. Risk-reducing
migration is likely due to the fact that a period of weatheommalies may be associated with higher
future risk$® and, consequently, migration might occur as a prevente Similar reasons have been
forwarded by Gutmann and Field (2010) who emphasize why lhptevious inhabitants returned in
the aftermath of the hurricanes Katrina or Andrew.

With respect to the economic geography channel, we find fh@vimg. Firstly, weather anomalies
clearly impact wages (proxied by relative GDP per capithjsTesult, thus, confirms and complements

previous works by Barrios et al. (2010). Furthermore, subagn African countries that have a large

BThere is evidence that climatic variables help in explajnimalaria transmission (Kiszewski et al., 2004).
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agricultural sector are particularly vulnerable. In resgiens (1), (3) and (7), temperature anomalies
have a negative impact on the GDP per capita ratio, in lind wie findings in Dell et al. (20099.
The interaction term of rainfall anomalies and the dummyafoove-median agricultural added value
(AGRI) have the expected positive sign. Given the significant aogitipe coefficient of the GDP
per capita ratio in the second stage of the estimation proeetee (2), (5), (6) and (9)), weather
anomalies increase the incentives to migrate out of onalstcy of origin, particularly in countries
that are highly dependent on the agricultural sector.

In line with Barrios et al. (2006), weather anomalies streagtthe urbanization process in agriculturally-
dominated countrie¥. Given the role of agglomeration economies, such an incrisasganization
constitutes an attraction force for international migsanthis is consistent with the mechanism de-
scribed in our theoretical framework where decreased weiges lead to a larger urban concentration,
while in turn, stronger agglomeration forces provide inoes for in-migration. This result also finds
support both with empirical New Economic Geography studiethe role of urbanization in attracting
migrants (Head and Mayer, 2004) and more descriptive evelem the importance of international
migrants in African cities (Beauchemin and Bocquier, 2004ie@ its positive and significant coef-

ficient in the second-stage of the regressions, urbanizatdtens the impact of weather anomalies

16This result is useful in that it supports the assumption thaiperature affects GDP which is the foundation for the
whole integrated assessment literature, see e.g. Nordha0s).

7Further analyses (available from the authors) show thatesurts on rainfall differ from those in Barrios et al. (2006
because we have a different sample (migration data causekiation in the sample size). Although non-significant, our
coefficients have a similar effect on urbanization, in teohsnagnitude, as Barrios et al. (2006). They find that a one
percent decrease in rainfall (i.e. -10 mm per year and pentcguyields a 0.45 percent increase in urbanization. Our
(non-significant) rainfall coefficients indicate that a quercent decrease in rainfall induces a 0.98 percent (ufiezig
country average) and a 0.81 percent (population-weightedage) increase in urbanization. We note that even though
temperature anomalies dominate in our sample, resultster samples e.g. Henry et al. (2003), Barrios et al. (2006) or
regions (Munshi, 2003, for Mexico) emphasize the role ofifadl, while yet others push the importance of temperature
alone (Dillon et al., 2010; Burke et al., 2009). Thus, thouwfferent samples find robust results for an impact from
weather anomalies, they differ in whether rainfall or tenapere is the main driver. Since both drive evapotranspinat
the differences in results may arise through the possiliiiat for some countries, evapotranspiration is more gtyon
driven by temperature while in others rain might be more irtgott simply due to differences in geographic conditions or
the local flora and fauna.
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on international migration. Section 3.5 discusses whi@nakels outweigh for international migration
and provides estimates of the effect of weather anomaliéstemational migratiod®

These results hinge crucially on the use of our three regmessnstrumental variables framework.
As we argued above, only a unified framework may be able tolsameously account for the channels
that we identified within our theoretical framework. Thusy;, €onsistency we describe our use of the
instruments in more detail now. Our first-stage regressanfions that a decline in the growth of
money is statistically associated with a fall in GDP per tapiA decrease by a standard deviation
in money growth should reduce relative GDP per capita by abd%. In regressions (3) to (5), we
show results under overidentifying restrictions by introthg two additional instruments. We use a
dummy indicating whether a country experienced the two Yiestrs of independence, as well as the
interaction of this variable with a dummy that takes the gabme if that country has been colonized
by the UK colonial power. According to Miller and Singh (19%4catch-up hypothesis and consistent
with the results of Barrios et al. (2006), restrictions oreinal movements during colonial times have
been followed by a strong urbanization after independéhcEnis has been particularly the case in
former British colonies whose administration favored thiealelsshment of new colonial urban centers

(Falola and Salm, 2004). Although Figure 2 does not seem pictla different trajectory in net

180ur preferred specification (3)-(5) yields average pasfédcts (APE) of rainfall and temperature in agricultuyall
dominated countries (Agri=1) and in countries with belowdme agricultural GDP share (Agri=0) taking on the follogin
values: APRanagi=1=1.07, APRaIN,agriz0=0, APEremp,agii=1=-0.65 and APkevp agi=c=0.53. These values account for
the amenity and economic geography channel of weather oratiug.

®Hance (1970, p.223) documents that restrictions on moventethe cities under colonial regimes greatly explain the
low urban levels of less than 10% in the three main Eastericdircountries (Ethiopia, Somalia and Kenya). According to
Njoh (2003), colonial authorities worked fervently to discage Africans from living in urban areas. Governmentin-c
nial Africa, and South Africa during the apartheid era, mdflegislation to prevent the rural-to-urban migratiomafive
Africans. The covert goals of this policy were to presene‘thhite’ character of the cities and keep the black poparati
in the rural areas. As reported by Roberts (2003) “colomkltionships between core countries and their dependesete
the stage for differences in urbanization among less-dpeel countries. In the colonial situation, provincial estioften
served mainly as administrative and control centers torertbie channeling for export of minerals, precious metather
products of plantations and large estates; but wealth ates eénded to concentrate in the major city. When countries
became independent and began to industrialize, it was thegar cities that attracted both population and investment
They represented the largest and most available marketsdostrialists producing for the domestic market. Theyals
were likely to have the best infrastructure to support botlustry and commerce in terms of communications and eliti
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migration in the years where most African countries becardependent, we cannot exclude a priori
the possibility that state independence has affected -trasker migration by another channel than
rural-urban migration. However, using three instrumenith wwo endogenous variables allows us
to test the exogenous nature of these instruments (ovéifidation test). Beyond the reasonable
nature of the overidentifying restrictions, statistiegts support our confidence in the validity of these
instrumental variables. Provided at least one instrumentlid, the Hansen overidentification test
fails to reject the null hypothesis of zero correlation bedw these instrumental variables and the error
terms. F-tests on excluded instruments equal 30.84 indiegte regression (3) and 12.99 in first-
stage regression (4). As suggested by Angrist and Pisclit®)2we also test the robustness of the
results under overidentifying restrictions to the Limitedormation Maximum Likelihood (LIML)
estimator. Regression (6) indicates that our results arétemed with the LIML estimator and that
we can reject the null hypothesis of weak instruments. Inesgons (7), (8) and (9), we also follow
Angrist and Pischke (2009) in checking the robustness ofresults to a just-identified estimation.
Just-identified 2SLS is indeed approximately unbiasedentie LIML estimator is approximately
median-unbiased for overidentified models. When just-ifledtestimation is implemented, results do
not change whether the dummy for the first two years of indégece is introduced as an exogenous

explanatory variable or not.

3.4 Robustnhess

Robustness checks are not shown in the paper (but preser$edtion 4 of the supplementary mate-
rial). These robustness checks relate to the use of aliegrpendent variables, alternative definition
of the main explanatory variables of interest and the amlditir omission of control variables. Re-
garding the dependent variable, our results are robusetdefinition used by Hatton and Williamson
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(2003), i.e. without subtracting the net refugee flows frowa nigration rate but introducing them as
an explanatory variable (see Table 5 in the supplementatgriaf. Since now the dependent variable
incorporates the movement of refugees, the net refugee {NetfRREF) exhibit a positive coefficient
which is close to 1. Although it unduly increases the risk md@geneity, our results are unaltered by
this inclusion?® Furthermore, we test the robustness of our findings to amalige definition of our
variables of interest (see Table 6 in the supplementarynmagteOur results are unaltered when rain-
fall and temperature are expressed in levels (with or withmgarithmic transformation) rather than in
anomaly terms. Moreover, the inclusion of a foreign-defimexsion or of lagged values for weather
variables, which do not feature significant explanatory @owloes not change our main results. Us-
ing alternative definitions for GDP per capita does not cleamgy findings. In fact, our main results
are confirmed when replacing GDP per capita by the GDP perevousing the Chain transforma-
tion instead of the Laspeyres index in the real terms tranmsdition (see Table 7 in the supplementary
material), or exploiting alternative weights in the spladiecay function to compute the foreign wage
(see Table 8 in the supplementary material). These alteenakights include other proxies than the
distance for migration costs, including colonial link, ¢tigaity, a common colonial ruler and linguis-
tic proximity. Moreover, we also test the robustness of @sutts to the omission of some control
variables (see Table 9 in the supplementary material).eSime works by Miguel et al. (2004), Burke
et al. (2009) and Hsiang et al. (2011), we cannot excludevilather affects conflict and, hence, the

inclusion of the conflict variable may wipe out some of thelarptory power of our weather variables.

2OMoreover, Hatton and Williamson (2003) point out that denapiyic pressure is an important determinant of interna-
tional migration. Our main results remain valid when intiothg such a demographic variable in our specification with
the lagged value of population density, which is significamd affects net migration negatively. However, potentiale
geneity issues induced by the introduction of populatiamsitg require to be cautious with this specification. Fumhere,
the entry into the ACP agreements could also constitutehenateterminant of international migration. Completing th
data by Head et al. (2010) on the entry into ACP with data fois®ana and Namibia, adding the entry into ACP as an
additional control variable does not alter the main resais shows a non-significant coefficient. These results axaersh
in the supplementary material.
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Therefore, the inclusion of the conflict-related variabiesy undermine our estimations of weather-
induced migration. Although introducing a potential ommittvariable bias, omitting the conflict-related
variable does not alter the main results of this paper. Finae test the robustness of our results to an
alternative dependent variable, based on bilateral magrdlows between our 39 SSA countries and
14 OECD destination countries (see Table 10 in the supplememntaterial based on data from Ortega
and Peri (2009, 2011)). Results obtained from two-stagenatitins like in our baseline confirm our
main findings of Table 4. Like in Mayda (2010), we find that at@gGDP per capita at origin or lower
GDP per capita at destination reduces outmigration. Maedhese robustness results indicate that
decreased rainfall anomalies increase the economic imesrtb migrate from countries highly depen-
dent on the agricultural sector, while temperature anasait turn increase that economic incentives.
Our main findings hold, therefore, also for migration outsidrica.

It is likely that our proxy for the domestic wage could be sdbjto measurement errors and thus
potentially bias our resul. Nevertheless, we believe that this should not significainfluence our
results for the following reasons. Firstly, these measer@serrors are partly dealt with through
the use of the instrumental variables. Secondly, by réstgadhe sample to sub-Saharan African
countries, we are more likely to have relatively similar GBfiRl institutional structures, which is an
important determinant of sound comparisons over time (@eahd Heston, 2010). Thirdly, we test
the robustness of our results to alternative GDP per capg@sorements. Replacing GDP per capita

by GDP per worker or using the Chain transformation insteati@t.aspeyres index in the real terms

210ne would expect these errors to be largely dependent onglitutional environment in the countries under concern.
In this case, they would not cause any bias if they were cahstaer time or time-specific, as we use country- and time-
specific fixed effects. Nevertheless, since some countrightrhave experienced institutional changes that induced a
variability in the measurement error then this could pasdigtleave some room for biases. For example, poor countrie
may be more likely to have a less developed statistical égpacd migration data may be more likely to be based on
the residual approach, or more inclusive of illegal and wodoented migrants. Consequently, a change in economic
development and statistical capacity may be associatédwveihange in demographic accounting methodology, for ele@amp
from a residual to an observational approach. In that chsegdtimated coefficient of the GDP ratio is likely to featare
downward bias.
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transformation does not change the main results (see supptary material).

3.5 Projections

Overall, our results suggest that weather anomalies ragsententives to migrate to another country.
In this section we provide a tentative estimation of weathduced migration flows in sub-Saharan
Africa. We first estimate the historical migration flows irmed by weather anomalies over the period
1960-2000. Subsequently, we provide an end of century giojefor the change in migration flows

based on IPCC forecasts for potential weather scenariosas®titon population projections from the
UN. Our computations are based on the significant coeffisiehthe weather variables as well as on
the coefficients of the GDP per capita ratio and urbanizatioegressions (3) to (5) of Table 4. More

details can be found in the supplementary material.

3.5.1 Historical estimates

We compute the contribution of weather changes to past tiogran sub-Saharan Africa over the pe-
riod 1960-2000. Our calculations are based on the signifaetficients of our preferred regressions
(3) to (5) in Table 4 and on observed weather data in the 39tdearof our sample. Our findings yield
that 0.03% of the sub-Saharan African population livinghe tountries most exposed to weather
anomalies (i.e. highly dependent upon the agriculturabsgavas displaced on average each year due
to changes in temperature and precipitations during thensklcalf of the 28 century (see first column

of Table 6). Table 6 also indicates the share of this weatitereed migration that is due to rainfall
and temperature as well as the fraction that is due to the iyredfect of weather and to the economic
geography effects (GDP per capita ratio and urbanizatidgginfall changes drove changes in net

migration more strongly than temperature over the perid@D12000, while weather anomalies affect
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international migration mainly through the economic gepdry channel, thus economic incentives,
to migrate. This estimate correspondset figureso 128’000 individuals having been displaced on
average every year due to weather anomalies over the pe3&t 2000, which represents only about
3% of the 4 million annual internal (rural-urban) migrangised by weather anomalies. This means
that we estimate that in total, over the period 1960-2000ijlkom people have been displaced due to
weather anomalies. Such a figure may seem rather low, bub ¢iine‘net’ nature of our dependent

variable, it represents a lower bound estinfate.

3.5.2 End of century projections

To give a rough estimate of the possible consequences befurteather anomalies on migration flows
in sub-Saharan Africa, we can make use of the climate piojgctiescribed in the Fourth Assessment
Report (AR4) of the United Nations Intergovernmental PaneCbmate Change (IPCC). The IPCC
projections are drawn from various climate models and stefnand provide estimates on the future
changein regional temperature and precipitation between theoderi 980-1999 and 2080-2099. Our
migration projections are based on weather anomalies dgyestenario A1B, which is described in
detail in Chapter 11 of the IPCC report (Christensen et al., 2p@54) and its forecasted weather
changes are reproduced in Table 5. This scenario seemas@s it assumes greater economic
integration in the future, which is in line with recent ecamo growth trends of emerging countries

(China, India and even sub-Saharan Africa). Furthermorgjraptions on future green house gas

22\We find that, in net terms, 0.851 people out of 1000 individuiaing in sub-Saharan Africa (SSA) left their country
every year over the period 1960-2000. This value is obtainedomputing the number of net migrants from countries
with a negativeaverage net migration rates over the period 1960-2000 efividy total SSA population. Similarly, by
focusing on countries with positive average net migratates, we find that 0.637/1000 migrated to another of the 39 SSA
countries of our sample. The difference between these tluesaindicates that 0.241/1000 established in anothertopu
of the world. Considering only the effect of weather changes find that 0.305/1000 left one of the 39 SSA countries,
0.159/1000 found home in another of these 39 countries drb0.000 in another country of the world. This means also
that 35.83% (305/851) of people leaving their country didheocause of weather changes.
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emission and world population increase are moderate (steefudetails in the supplementary mate-
rial).

According to our projections, an additional 0.121% to 0%3% the sub-Saharan African popula-
tion will be induced to migrate annually due to varying weatbonditions towards the end of the’21
century (see columns 2 to 4 of Table 6). The UN Populationdiovi provides projections of popu-
lation changes over the 21century according to low-, medium- and high-fertility saeins (United
Nations, 2009). Applying our projected net migration rateghese estimated population changes
yields, in net terms, a figure of an additional 2.9 million rammental migrants every year for the pe-
riod 2080-2099 compared to the period 1980-1999 in the lemility/best-weather-change scenario.
The results are an additional 25 million migrants in the Higptility/worse-weather-change scenario.

In order to present country-specific results we construatethp?® While there has been a long
tradition of migration to the coastal agglomerations iniédr(Adebusoye, 2006), coastal areas could
experience a significant proportion of their populationifigegoward African mainland due to weather
changes by 2099. West Africa, Benin, Ghana, Guinea, GuinssaBj Nigeria and Sierra Leone may
be among the most affected countries. In contrast, EasteiteAKenya, Madagascar, Mozambique,
Tanzania and Uganda may constitute a cluster of sendingresiof environmental migrants. South-
ern Africa, Angola and Botswana could become important ssiof environmental migrants while
Congo and Gabon could also be pointed out in Central Africa.

Concerning the end of century projections we have to adddhesn the non-negligible amounts of
environmental migrants that we estimate, some of our assongomay not continue to hold. In par-

ticular, there might be a strong divergence between theealsimigrate versus the capacity to do*$o.

Z3For illustrative purposes, the map displays values for Cégde, Guinea-Bissau, Somalia and South Africa. These
countries were dropped from our initial sample due to feweoletions on various variables. To include them in the map,
we applied our coefficients to available data on migrati@mpybation and weather for these countries.

24We are grateful to one referee for suggesting this line adigino.
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For example, if there are large and persistent migrationsflivam one country into another, then the
potential receiving country could restrict migration,tjlike Europe did for migrants from Africa and
the US for those from Mexico. Additionally, problems of ia§tructure and property rights may evolve.
Then, massive population movements could speed up thentrssisn of epidemic diseases such as
e.g. malaria (Montalvo and Reynal-Querol, 2007) in areagetiee population has not yet developed
protective genetic modifications (Boko et al., 2007). Fipalhe expected move towards mainland
Africa could become a major geopolitical concern since jepan density, ethnic differences and so-
cial disparities have been recognized as factors enhawgonijcts; these factors have been argued to
be relevant for the conflicts in North-Kivu in Congo, Burundi (®lervoet, 2009), Rwanda (Andre and
Platteau, 1998) or also Darfur (Fadul, 2006). Naturallghsconsequences remain to be verified both
theoretically and empirically in order to be more affirmation the relationship between migration

flows and conflict onset.

4 Conclusion

The problems associated with weather anomalies certaanly &as one of the important issues of our
times. However, few academic evidence has been provideddieg one of its most often heard
consequences, hamely human migration. In this article wpqse a theoretical framework featuring
rural-urban-international migration as a consequence edtiaer anomalies. Our theoretical model
predicts that weather anomalies should work its way intermdtional migration through two channels.
Firstly, the theoretical model predicts that weather arl@savill lead to lower wages, particularly

if the effect of weather anomalies on agricultural produetis sufficiently strong. This will then

induce agricultural workers to move into the cities in ortierfind work. Weather anomalies are

33



therefore a key determinant of urbanization. Such a ruraduu flow, by decreasing the urban wage,
magnifies the incentives of the internationally mobile vesrko move to another country. However,
due to agglomeration economies, an increase in urbanizedials to mitigate the impact of weather
anomalies on international migration.

We then collect a new dataset for African countries and user¢Bults of our theoretical work
as guidance for an empirical analysis of the impact of weadhemalies on international migration.
Weather anomalies have a significant and robust impact acageevages. This result, therefore, sup-
ports the works by Barrios et al. (2010) and Dell et al. (2008)o show that weather anomalies bear
an important impact on GDP per capita. We then find that wagesadust and significant determi-
nants of international migration. We also obtain that weatimomalies directly affect international
migration, reflecting possible pure externality effectsvefather anomalies. We dub this the amenity
channel. Second, we observe that weather anomalies iecreamntives to move to the cities. Such
a channel of transmission is consistent with the paper ofi@&aat al. (2006) who show that weather
anomalies in Africa displace people internally. We also timat urban centers represent an attraction
force, thus urbanization softens the impact of weather afiesion international migration. We label
these effects, via wages and urbanization, the economgrgpby channel.

Overall we conclude that a minimum of about 5 million peopdedrmigrated between 1960 and
2000 due to anomalies in local weather in sub-Saharan Affibe represents 0.3% of the population
or 128’000 people every year. We then project the impact @tiaer anomalies on the future rates of
migration in sub-Saharan Africa. Considering the mediurntiliiy population forecast of the United
Nations, our main results are that in sub-Saharan Africatde/the end of the 2icentury every year
an additional 11 million inhabitants may move as a consecgiehweather anomalies.

These results impose serious and challenging questiop®licy makers. After all, African coun-

34



tries account for only approximately five percent of worldigsions. If one believes the academic
literature and the works of the IPCC in that weather anomatiag be human-induced, then these
variations are nearly exclusively driven by the developedidv This externality thus imposed on the
sub-Saharan countries requires international atten@ésed on equity and fairness criteria. In this re-
spect, the recent advances presented in the Cancun Agregroeidie a good starting point. However,
one of the important components of the Cancun Agreement, Igaiagionally Appropriate Mitigation
Actions, will not be a useful policy tool for Africa due to thielatively low total emissions. Future
policies should therefore focus more closely on adaptatadicies. As argued by Collier et al. (2008),
policies aiming at making crops less sensitive to weathenaties is the most obvious policy recom-
mendation. Easing the market reallocation from agricaltarmanufacturing sectors and emphasizing
the absorption role of urban areas will also reduce the boasds of weather anomalies. However, our
paper also qualifies the market-oriented solution prombte@ollier et al. (2008). Specific policies
easing the factor absorption capacity at national levebongensation mechanisms at supra-national
level should help countries in dealing with the human cagipletion that threatens some of the most
affected countries.

Our projections also warn us about possible consequencesnrs of health and security that
such population movements could have on their hosting matiBrovided one is concerned about the
security consequences of environmental migration, sthemgng the buffering role of urban centers
may constitute a policy option. In that respect, reducinggestion costs and improving transport

infrastructure may enhance the absorption capacity ofoaggtation centers.
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Table 1: Countries

Regions Countries

Central Burundi, Cameroon, Central African Republic, Chad, CongazB
zaville, Congo Kinshasa, Gabon, Rwanda

East Djibouti, Ethiopia, Kenya, Mauritius, Sudan, Tanzaniagdda

South Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia,
Swaziland, Zambia, Zimbabwe

West Benin, Burkina Faso, Céte d'lvoire, Gambia, Ghana, Guinea,
Guinea Bissau, Liberia, Mali, Mauritania, Niger, Nigerienegal,
Sierra Leone, Togo

Table 2: Short description of main variables

CODE Definition/Description

MIGR Net migration rate: Difference between numbers of igirants and emigrants per
thousands of population, corrected by the refugee movement

RAIN Rain Anomalies, deviations from the country’s longrtemean, divided by its long-
run standard deviation

TEMP Temperature Anomalies: deviations from the countigrgy-term mean, divided by
its long-run standard deviation

ylyF GDP per capita over GDP per capita in other African countsiegthed by distance.

WAR War onset, value 1 for civil war onset

WART War onsets in other countries weigthed by distance

URB Share of urban population in total population

AGRI Whether a country has an agricultural value added abdievenedian in 1995 (similar
to Dell, 2009)

A Money Money plus Quasi-Money: Absolute growth in money $ypp

New State Independence: value 1 if country is in the two fiestrg of independence

MIGR* Original net migration rate, without refugee movement ection

NetREF Net refugee movement per thousands of population

A more detailed variable description containing also thfednt sources for the data is provided in the supplemgntar
material.
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Table 3: Descriptive statistics

Mean Std Dev | Units

MIGR 0.1511 20.657 | per 1’000 of population

MIGR® 0.1581 8.930 | per 1'000 of population

RAIN cper 1051.2470 578.741| mm

TEMP,cper 24.4440 3.371 | Celsius degrees

RAIN -0.3688 0.975 | anomalies

TEMP 0.5588 1.063 | anomalies

AGRI 0.4347 0.496 | 1 if country’s agricultural share of GDP is above median
in 1995, 0 otherwise

RAIN*AGRI -0.1583 0.648

TEMP*AGRI 0.2221 0.754

WAR;_1 0.0333 0.180 | 1 if more than 100 deaths, O otherwise

WARF | 0.0298 0.059

URB 28.5612 14.725 | % of population

(log)URB 3.1931 0.616

log(y/y") -1.1689 0.836

A Money Supply 0.0277 0.140 | in 10'2 US dollars

New State 0.0053 0.073 | 1if country is in 2 first years of independence, 0 other-
wise

New State UK 0.0040 0.063 | 1if country is in 2 first years of independence from UK,
0 otherwise

NetREF -6.69*107° 18.528 | per 1’000 of population

MIGR? stands for net migration rate without the correction forrsfeigee movement.
Figure 2: Weather anomalies and net migration rate in suta®a Africa
? - -'Net Migration Rate (left scale) e ’ - -'Net Migration Rate (left scale) ’
6 —Rainfall Anomalies (right scale) 6 —Temperature Anomalies (right scale) 2.5
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Table 4: Two-stage regressions

Regression (1) (2 (3 (G) (5) (6) ) (8) 9
Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
LIML
SE robust robust robust robust robust robust robust robust robust
Stage 1st an 1st 1st 2nd 2nd 1st 1st znd
Dependent log(y/y*") MIGR log(y/y¥') | log(URB) MIGR MIGR log(y/y¥) | log(URB) MIGR
Variable
RAIN -0.0222 1.277 -0.023 -0.00332 0.843 0.843 -0.0231 -0.0034 0.845
[0.0140] [0.978] [0.0140] [0.00832] [0.832] [0.832] [0.0139] [0.00830] [0.833]
TEMP -0.0457*** 2.922% -0.0432*** | -0.0204** 2.841* 2.842* -0.0432*** | -0.0203** 2.849**
[0.0153] [1.366] [0.0153] [0.00876] [1.239] [1.240] [0.0153] [0.00875] [1.252]
RAIN*AGRI 0.0484*** -2.608** 0.0494*** 0.00162 -1.258 -1.258 0.0495*** 0.0017 -1.26
[0.0187] [1.314] [0.0187] [0.00997] [0.936] [0.936] [0.0187] [0.00995] [0.937]
TEMP*AGRI 0.00702 -1.382 0.00811 0.0455*** | -4,253** -4.254** 0.00807 0.0454*** | -4.268**
[0.0217] [1.297] [0.0218] [0.00980] [1.693] [1.694] [0.0217] [0.00979] [1.715]
WAR:_1 -0.075 6.024 -0.0738 0.0104 2.997 2.997 -0.0738 0.0104 2.996
[0.0877] [7.611] [0.0877] [0.0259] [5.709] [5.710] [0.0876] [0.0259] [5.715]
WARF_1 -0.183 7.869 -0.182 0.02 0.86 0.861 -0.182 0.02 0.861
[0.150] [9.281] [0.150] [0.0850] [7.194] [7.195] [0.150] [0.0849] [7.210]
log(y/y*) 52.30** 21.58*** 21.59*** 21.62%**
[20.57] [7.216] [7.219] [7.286]
log(URB) 67.51%** 67.53*+* 67.83*+*
[24.14] [24.15] [24.55]
Instruments
A Money 0.131** 0.131** 0.0596 0.130** 0.0591
[0.0556] [0.0557] [0.0350] [0.0556] [0.0349]
New State UK -0.641%** 0.230*** -0.671%** 0.194**=*
[0.0892] [0.0484] [0.0725] [0.0323]
New State -0.0297 -0.0362
[0.0504] [0.0338]
HW-Dum® Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Dunt Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Time-Duntf* Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Timé Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Observations 750 750 750 750 750 750 750 750 750
Number of countries 39 39 39 39 39 39 39 39 39
F-test 61.85%** 23.23%** 88.87*** 65.79%** 22.17%* 22.17%* 93.85%** 66.36%** 19.33***
F-test on excl. IV 5.51** 30.84*** 12.99%** 46.24** 19.43***
Underid test 6.796*** 7.595%** 7.595%** 7.124%+*
P-value Hansen 0.871 0.871
Endo stat 12.98*** 14.53*+* 14.53*+* 13.26***
Root MSE .2288 13.04 .2283 .09746 10.82 10.82 .2281 .09738 10.84

** significant at 5%; *** significant at 1% (significance at 10%ot highlighted). Robust standard errors are in square
bracketsy stands for domestic GDP per capiid, stands for foreign GDP per capita. “HW-Dum” stands for theithdhies

of Hatton and Williamson (2003) for Ghana and Nigeria for ysars 1983 and 1985, “Region-Dum” includes region
dummies, “Time-Dum” time dummies and “Region-Time” timegion dummies. R-squared is not shown, because, in the
case of 2SLS/1V, it is not an appropriate measure of the gesslof fit and has no statistical meaning (see www.stata.com)
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Table 5: IPCC projected changes in rainfall and temperature

projected change in rainfall

projected change in tempegatu

best median worst best median worst
Saharan 57% -6% -44% 2.6 3.6 5.4
West 13% 2% -9% 1.8 3.3 47
East 25% 7% -3% 1.8 3.2 4.3
South 6% -4% -12% 1.9 3.4 4.8

Columns “worst”, “median” and “best” correspond to the lessrafstic, medium and most optimistic
weather changes of the IPCC'’s scenario A1B, i.e. 75%, 50%2&f0 quartile values for projected

changes in precipitation (%) and to the 25%, 50%, and 75%itpigalues for projected

changes in temperature@) between the period 1980-1999 and the period 2080-2099.
Source:IPCC Fourth Assessment Report, Scenario A1B (Christensain €007).

Table 6: Weather-induced migration for the sub-Saharait&fegion

1960-2000 Projections for the end of the 21st century
best median worst

Weather-driven migration
Annual net (international) migration rafe -0.30 -1.21 -340 -532
Annual number of net international migrafs -128'414
Annual number ofnternal migrants®-<) 4'206'729
Total number of net international migrants -5'136’569
Total number ofnternal migrant$® 168'269'153
Proj. ann. nb. of net int’l migr. (low fertility}" -2'910'008 -8'493'369 -13'332’808
Proj. ann. nb. of net int'l migr. (medium fertility)) -4'053'671 -11'784'960 -18'477'402
Proj. ann. nb. of net int'l migr. (high fertilityy) -5'528'551 -16'014'948 -25’080'975
Contribution of rainfall and temperature
anomaliesto net international migration
Temperature 47 % 162 % 103 % 92 %
Rainfall 53 % -62 % -3% 8%
Contribution of amenity and economic geography
channel to net international migration
Amenity channel 101 % 352 % 224 % 200 %
GDP per capita (econ. geog. channel) 120 % 170 % 145 % 140 %
Urban population (econ. geog. channel) -121 % -422 % -269 % -241 %

Table displays net (international) migration rate and teenumber of (international) migrants displaced out of SSA
countries due to weather changes over the period 1960-2@Dprajections for the end of the 21st century. Negative
numbers for net international migration mean that thereewgore emigrants than immigrants.
(a) Net migration rate is expressed in 1000 of population.
(t) Calculated using 1960-2000 population averages.
(¢) Refers to rural-urban migration, i.e. increases in urkstion.
(4) Proj. ann. nb. of net int'l migrstands for projected annual number of international migran the cases ()980-99
pop, (ii) low fertility, (iii) medium fertility and (iv) high fertility, projected migrants are obtained by multiplyingeth
projected net migration rates of the first row with the (i) Q2899 population averages, (ii) 2080-2099 averages UN low
fertility population projections, (iii) medium fertilitprojections and (iv) high fertility projections.

50



Figure 3: Projected net environmental migrants per thadisapopulation, 2000-2099

Predicted net environmental
Migration from 2000 to 2099

|:| 5.21 to 7.38 (per thousand of population)
l:l 0 to 4.9 (per thousand of population)
|:| Not in sample

- -5.48 to 0 (per thousand of population)
- -7.41 to -5.99 (per thousand of population)
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Supplementary material to

The Impact of Weather Anomalies on Migration in sub-Saharan Africa

Luca Marchiori * Jean-Francois MaystadtT Ingmar Schumacher

October, 2011

1 Literature overview on environmentally-induced migration

There has been some controversy on whether migration $yréiggres as a means of adaptation to
environmental factors or not. For example, tentative mtopas by Myers (1996) suggest that we
might see around 200 million environmental refugees if @ Isvel rises by one meter. In contrast
to this claim, Black (2001)’s reading of the literature stybynsuggests that much of the literature on
environmental refugees until 2001 does not give rise to tmelasion that environmental, climate or
weather conditions are a significant contributor towardgration. During the past ten years there have

been substantial further contributions on this topic, bging to either of the two points of view. Thus,
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in this overview we constrain ourselves to hard evidencermir@nmental factors inducing migration
based on either case studies or econometric analysis. Aniewds provided in Table 1. Furthermore,

we limit ourselves to evidence based on the last 60 years.

As Table 1 shows, most of the recent evidence supports thethig environmental factors have
contributed to migration, both rural-urban and internagianigration. While most of the environmentally-
induced migration in Africa has been linked to droughts, mmogyration in the US has arisen as a
consequence of hurricanes and for quality of life reasolse far Europe). Thus, the evidence points
to two channels - one we dub the ‘amenity channel’, which oag lmk to the amenity value attached
to the environment (quality of life); and we call the othee tkconomic geography channel’, which
can be related to economic geography effects (income arahindition). Most of the studies do not
clearly separate the two channels, which makes it difficulittribute empirical results to either one.
Furthermore, most studies do not control for endogeneitifecting income or employment oppor-
tunities which subsequently affect incentives to migratecéptions being Munshi (2003), Feng et al.

(2010) and Naude (2008)). Not controlling for these endeges may certainly lead to biased results.

There are four articles that point towards evidence suggg#tat environmental factors do not
induce migratory movements (Findley (1994), Paul (200%)llitay (2006), and Mortreux and Bar-
nett (2009)). Findley (1994) studied droughts in Mali anci@dades that droughts did not increase
overall migration, but reduced long-term migration and@ased short-term migration. This change
in migration pattern should be attributed to the fact thaglberm migration is associated with signifi-
cant uncertainty of whether it is possible to find work quyckhough in order to support the family at
home. Clearly, during a drought immediate finance is necgsshich is more easily obtained through

short-distance migration. Supporting this income chaeffelct is the observation that “[d]uring the



drought, 63 percent of the families said that they depende@mittances from family members who
had already migrated.” ((Findley, 1994), pp. 544) Thuss gupports our view that neglecting the

effect of environmental factors on income may bias emgdiresults.

Paul (2005) finds that the 2004 flooding in Bangladesh did raat te migration due to disaster aid.
The obvious questions is whether we would have observedatiogrwithout this disaster aid or not.
A useful conclusion that one can draw from his works is, havethat though environmental factors

might provide reasons for migration, good governance cak &gainst this.

Finally, Mortreux and Barnett (2009) studied migration intiées in an island of Tuvalu and con-
cludes that climate change does not figure as an importardrdsf migration decisions. Religious
beliefs as well as no immediate threat of sea level rise sedra the main reasons behind this point of
view. This result stands in contrast to the more immediateatiof sea level rise faced by the Carteret
Islands (Papua New Guinea islands). Here, evacuatioredtart2009 and will continue throughout

the next years as a response to the sea level rise whichlitikeubmerge the Carteret Islands.

In summary, the evidence tends to favor the result that thieemment has an impact on rural-urban
as well as international migration. However, the literatteview emphasizes also that it is important
to distinguish between the amenity channel and the econgeagraphy channel, as well as between

internal and international migration. This task shoul@allly, be undertaken in a unified framework.



2 Additional tables: Variable description and unit root tests

Table 2 offers a detailed description of the main variabléh an indication of the various sources

used. Table 3 presents one-period lagged unit root testsyfmalanced panels.

3 The amenity channel

Columns (1)-(3) in Table 4 are estimated by means of a pooksd&son. We use this method as it is
likely to capture the long-term relationship between owplamatory variables and net migration rates
in sub-Saharan Africa, provided standard assumptionsudfibeid (see also Hatton and Williamson
(2003)). Regressions (1) and (2) of Table 4 start by intratythhe environmental, political and eco-
nomic incentives to migrate, without any reference to oeotitical framework. We also correct our
standard errors for heteroskedasticity and serial cdioala Using Pooled Ordinary Least Squares
estimation (POLS), models (1) and (2) show that neitherfallinor temperature seem to affect the
incentives to migrate at the meahdloreover, in model (3) we introduce an interaction term leeta
the weather variables and the ‘agricultural’ dummiy{R). At least two reasons motivate the choice
of such an explanatory variable. First, our theoretical eh@tiggests that the effect of weather vari-
ations should be conditional on an exposure term, where & sh@minant agricultural sector in the
national economy implies a larger exposure. Second, ttesaation term corresponds to the common
sense view that agriculture-dependent countries will béiquéarly vulnerable to weather variability
(Collier et al., 2008; World Bank, 2010). In regressions @))-(veather variations appear not to affect

net migration flows in neither of the three POLS regressidriee dummies proposed by Hatton and

1For consistency reasons, we also include temperature anfdlifanomalies separately, but the effect of these weathe
variables remains insignificant.



Williamson (2003) are significant and capture the poliaydoced expulsion of Ghanaian migrants by

the Nigerian government.

Nevertheless, it is well known that our POLS estimation mafes from an endogeneity bias due
to unobserved heterogeneity among the countries of ourlsarfpr example, this would be the case
if a long tradition of labor migration (Adepoju, 1995) afts¢the dependent variable and the GDP per
capita ratio variable but does not follow the regional pattecaptured by our regional-time dummies.
A more promising approach is to get rid of the possible presefa (time-constant) unobserved effect
by using a fixed-effects estimation (FE). Like the POLS eatians, the FE models regressions (4)-(8)
of Table 4 indicate that weather variables do not seem to havenpact on migration, even when

introducing further lags as in regressions (7) and (8).

As pointed in the paper, it would, however, be hasty to cahelinom this that weather variations
do not impact migration behavior. For example, weatheradeis are known to affect GDP per capita
as shown in Barrios et al. (2010) and Dell et al. (2009). Algtomo amenity effect from weather
variations to migration is identified, our theoretical framork also suggests that weather variations
may indirectly affect migration through the economic geguy channel. Furthermore, our theoret-
ical model also points to a possible endogeneity bias tenéag the economic variables. The paper
proposes an approach to consider both the amenity and tinemoogeography channel of weather

variations on international migration and to deal with the@geneity of the main economic variables.



4 Robhustness tests: Additional tables

Robustness checks are not shown in the paper but are desoritied supplementary material and
are based on the baseline results, regressions (3) to (B) Table 4 in the paper. These robustness
checks relate to the use of alternative dependent varigbddse 5), alternative definition of the main
explanatory variables of interest (Tables 6-8) and thetemhdor omission of control variables (Table

9) and the use of alternative bilateral migration data (@4dl).

First, in addition to robustness shown in the paper and basdalateral migration data, Table 5
shows that our results do not depend on the refugee-relateglction done to the net migration rate.
Regressions (9) to (11) replicate the over-identified edtonaf Table 4 in the paper without subtract-
ing the net refugee flows from the migration rate but intradgt¢hem as an explanatory variable. Since
now the dependent variable incorporates the movement ofees, the net refugee flows (NetREF)
exhibit a positive coefficient which is close to 1. Althouglunduly increases the risk of endogeneity,

our results are unaltered by this inclusion.

Second, we test the robustness of our findings to an alteerdgiinition of our variables of interest,
the weather-related variables. Regressions (12) to (14)abfeT6 indicate that similar results are
obtained when rainfall and temperature are expressedefsleather than in anomaly terms. The same
results are obtained when the levels are transformed igarikhhm. In regressions (15) to (20) of Table
6, the inclusion of a foreign-defined version or of laggediealfor weather variables does not change
our main result. Nevertheless, most of these additional variables are éam fbeing significant.
Only temperature seems to have some lagging effects on thHe & capita ratio and the level of

urbanization. Even if we do not elaborate further on thesaltg, the lagging effect of temperature is

°Note that the inclusion of foreign climatic variables is atjsailarly strong assumption about the capacity of the
migrants to react to weather variations occurring in faneiguntries.
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consistent with evidence provided by Dell et al. (2008). Resue also robust to alternative definitions
for the GDP per capita. Replacing GDP per capita by the GDP péekewx (regressions (21) to (23) of
Table 7), using the Chain transformation instead of the Lyggsandex in the real terms transformation
(regressions (24) to (26) of Table 7) do not change the maulteof the paper. We also test the
results of the paper to alternative weighting in the comparteof the Foreign wage. These alternative
weights include other proxies than the distance for migratiosts, including colonial link (regressions
(27) to (29) of Table 7) a common colonial ruler (regressi@®) to (32) of Table 8) and linguistic
proximity (regressions (36) to (38) of Table 8)We could indeed assume that since African countries
are more likely to have less migration restrictions withitfiermer colonial ruler, the fact to have a
colonial relationship is the distinction that matters floe foreign wage (Mcube et al., 2010). It has
to be noted that it cannot be introduced as a control varigbilee migration equation as it is time-
constant. We could also assume that the fact to have expedensimilar colonial experiences is what
matters because it will capture many similarities due to rmmm colonial heritage (Acemoglu et al.,
2001; La Porta et al., 1999; Huillery, 2009). According tdlEs 7 and 8, results remain unaltered
when the foreign wage is weighted by these alternative psofar migration costs. These robustness
checks remain valid when the colonial or linguistic proxymndicators are interacted with the distance
between countries. Regarding the use of distance, we alstheesobustness of our results to the
assumption that only neighboring countries matter for atign (regressions (33) to (35) of Table 8).

Our results remain robust to that more restrictive asswnpin migration costs.

Third, we also test the robustness of our results to the iaddir omission of some control vari-

ables. For example, one may think that the entry into the AC®eagents could also constitute another

3We use the linguistic proximity based on official or natiolsaiguages and languages spoken by at least 20% of the
population of the country in Table 8. However, similar résalre obtained when we use mother tongue as a criteria. These
variables are taken from the CEPII's distances measuregdgiMand Zignago, 2006).



determinant of international migration. Completing theaday Head et al. (2010) on the entry into
ACP with data for Botswana and Namibia, adding the entry into ASBn additional control variable
does not alter the main results and shows a non-significafticent (with the exception of the effect
on the GDP ratio). This can be seen in regressions (39) tod#Iable 9. Furthermore, since the
works by Miguel et al. (2004) and Burke et al. (2009), we camxatude that weather affects conflict
and, hence, the inclusion of the conflict variable may wipesmme of the explanatory power of our
weather variables. Therefore, the inclusion of the confetated variables may undermine our estima-
tions of climate-induced migration. Although introduciagpotential omitted variable bias, omitting
the conflict-related variable does not alter the main resflthis paper (regressions (42) to (44) of Ta-
ble 9). As expected, the direct and indirect effects of weatariations on migration slightly increase
as a result of this omission. Finally, Hatton and William$a803) point out that demographic pressure
is an important determinant of international migration.céiding to regressions (45) to (47) of Table
9, our main results remain valid when introducing such a dgaghic variable in our specification
with the lagged value of population density, which is sigrifit and affects net migration negatively.
However, potential endogeneity issues induced by theduattion of population density require to be

cautious with this specification and lead us to exclude thigable from our paper.

Fourth, one last robustness check deserves further atteritn Table 10, we test the robustness
of our results to an alternative dependent variable, basettieo OECD database on bilateral migra-
tion flows between our 39 SSA countries and 14 destinatiomtci@s (Australia, Belgium, Canada,
Denmark, France, Germany, Japan, Netherlands, Norwayn,Spaeden, Switzerland, the United
Kingdom and the United States). We should note that the relsemestion becomes radically differ-

ent as there are many reasons to believe that migrationnatfrica greatly differs from migration



movements outside Africa (see e.g. Mayda, 2010). Givenyhdid nature of these data and similar to
Mayda (2010), our specification replaces our country fixéebeby a destination and origin countries’
fixed effects, while the GDP ratio defined as the log of theioriguntry’s (/) to the destination coun-
try’s GDP per capitay’). Regression (48) of Table 10 first adopts a specificationlairto Mayda
(2010) but restricted to our sample. Like Mayda (2010), we ass dependent variable the emigration
rate, i.e. immigrant inflow from origin to destination cogn¢multiplied by 100°’000), divided by ori-
gin country’s population. The data is similar to Mayda (2)1fut extended to more countries and
years by Ortega and Peri (2009, 201A¥ expected by Mayda (2010), a negative coefficient is found
for the GDP per capita ratio (significant at 10%). In regr@s<g49) of Table 10, we introduce the
weather-related incentives to migrate and proceed in ssgmes (50) to (56) to the same two-stage es-
timations than in our baseline results. We confirm our masults of table 4 in the article. Decreased
rainfall anomalies increase the economic incentives taraiégfrom countries highly dependent on
the agricultural sector, while temperature anomalies in tacrease that economic incentives. And
this is true for migration outside Africa. However, we shibalkcknowledge that the direct effects of
weather anomalies on international migration and the béfiect of the level of urbanization does
not hold anymore. The impact of weather anomalies on theé édwebanization is confirmed but this
last variable is not significant anymore in the second stdg®. explanations may be advanced. First
of all, the fact that weather deviations do not directly efffaternational migration outside of Africa
seems perfectly consistent with Mayda (2010) view that pgwanstraints may be binding for some

forms of international migration outside Africa. Seconike fact that agglomeration economies are

40Ortega and Peri (2009) and Ortega and Peri (2011) build ord&£3010) to extend the existing datasets on bilateral
migration flows (gross and net) and stocks to more countti¢€ECD destinations and 74 countries of origin) and years
(1980-2005) 1980-2007. Ortega and Peri's data offer diffemigration variables originating from different sowscbut
only the one based on UN data is going back until 1960 andésrding to Ortega and Peri, the most suitable for long-term
analysis.



not sufficient to counter-balance at least partly the clexwalated economic incentives to migrate out-
side Africa is consistent with the low levels of agglomesatiorces within African cities at a global
scale (de Brauw et al., 2011). Not jeopardizing our main testhis last robustness check certainly

undermines the external validity of our results.

5 Details on the projections

Past movements. The annual average for any variabifeover the period 1960-2000 is indicated by
pt969=2000(\y The average annual migration flow over the period 1960€2,,'9°~2%9(MIGR), due

to variations in rainfall and temperature is computed ds\:

MIQGO_QOOO(MIGR) — APERAIN M1960_2000(RA|N) + APETE]WP MIQGO_QOOO(TEMP),

wherey190-2000(RAIN ) andy1969~209(TEMP) are the average annual rainfall and temperature anoma-
lies, respectively, over the period 1960-2000. The avepaggal effects (APE) of rainfall anomalies
and of temperature anomalies on net migration combine tieetddffect and the indirect effects via the
GDP per capita ratio and the level of urbanization of climatgations. We use for this computation
the significant coefficients of the most precise results gfegsions (3)-(5) of Table 4 in the paper.
This means that we use the significant coefficients on TEMPR¥RIAN*AGRI of regression (3), on
TEMP and TEMP*AGRI of regression (4), and on TEMP, TEMP*AGRig(y/y") and log(URB) of

regression (5J.

SOur preferred specification (3)-(5) yields average pasftdcts (APE) of rainfall and temperature in agricultuyall
dominated countries (Agri=1) and in countries with belowdmea agricultural GDP share (Agri=0) taking on the follogin
values: APEAIN,Agri:1:1-O7| APEQAIN,Agrizozov APErEMp’Agri:]_:-O.65 and APEEMP,Agri:O:0-53- These values account for
the amenity and economic geography channel of weather oratiug.
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Future movements. The IPCC projected future changes in climate for the 21stucgratre based on
different atmosphere-ocean general circulation modedsdiiferent climate scenarios. The scenarios
are divided into four families (A1, A2, B1, B2), depending os@asptions on the future evolution
of greenhouse gas pollution, land-use, technological Idpugent, economic growth, demographic
changes, etc. Our projections of weather-driven migrasimbased on weather changes given by
family A1 and in particular climate scenario A1B, describedietail in Chapter 11 of the IPCC report
(Christensen et al., 2007). This scenario assumes, amoeg things, an increasing but moderate
emission trajectory over the 2Icentury (Global GHG emissions, i.e. CO2, CH4, N20 and F-gases,
increase until 2050 and then slowly decrease until 2100@@and more integrated world with rapid
economic growth. This scenario choice is not an unreaserdtuice for our projections, given that
the world economy is marked by the rapid growth of China andhladd that sub-Saharan Africa also

experienced surprisingly high economic growth rates ir2tb@0s (Easterly, 2009).

The IPCC scenarios account also for future population elsluassuming that world population
in 2100 attaining 7.1 billion (families A1 and B1), 10.4 kolii (family B2) or 15 billion (family A2) in
2100. In comparison, the United Nations’ Population Dmis{United Nations, 2009) projects world
population to attain either 6.2 (low fertility scenariof).1 (medium fertility scenario) or 15.8 (high
fertility scenario). Scenario A1B assumes that world papah peaks around 2050 and settles at 7.1
billion in 2100. This assumption thus comprised betweendiveand medium fertility scenarios of the

UN.

The IPCC provides projections on the change in regional teatype and precipitation between the
periods 1980-1999 and 2080-2099. Table 5 in the paper shwuvsast, median and worst long term

climate changes in terms of temperatuf€’Y and precipitation (%) for 4 African regions (Saharan,
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Western, Eastern and Southern Africa). These changes stemdifferences between the 1980-1999
period and the 2080-2099 period. To obtain these preditithre IPCC relies on a multi-model data
set which makes use of information from all available rediens for the 1980 to 1999 period and plots
the evolution of projected changes for a specific scenarithiperiod 2080-2099. The best, median
and worst cases - representing the 25%, 50% and 75% quaatiles/for changes in temperature
(°C) and the 75%, 50% and 25% quartile values for changes ingtaton (%) - are reported based
on 21 models (Christensen et al., 2007, p.854). Since clnpagdictions by the IPCC are based
on realizations over the period 1980-1999, we computedrtipact on net migration of a change
in climatic variables with respect to the average climatioagion over the period 1980-1999. The
predicted net numbers of migrants are calculated basedeoawrage population over the period

1980-1999. Our calculations are described in what follows.

The projectedhangein net migration flows due to forecasted weather variatidtdd)GR, can be

computed by adopting the following strategy:

AMIGR = APEgra;y (ARAIN) + APErgyp (ATEMP) (1)

where the APE’s are computed as before. A change in any Vanabefers to the change between
the annual average value of V over the period 2080-2099 andrthual average over the period 1980-
1999, AV = 208072099/ — ,1980-1999(\/) " ARAIN and ATEMP are thus forecastethangesin
weather variable anomaly and are directly based on the IP&Cdsted weather changes. The average
annual rainfall and temperatua@omalyover the period 2080-20992050—2999(RAIN ), is given by the

difference in the average rainfédlvelduring period 2080-2099 and the one over the long-run period

12



w*®, divided by the long-run standard deviatiert?, in rainfall level:

2080-2099 (RAIN 10pe;) — 1R (RAIN o)

2080-2099 (RAIN) = P
a (RAIN) PZICYN N

The rainfall level during the period 2080-2099 correspotadaverage level during the period 1980-

1999plusthe future changes in the rainfall level as predicted by B@Q:

uQOSO_QOQg(RAINleUBZ) — #1980_1999(RA|Nlevel) + ARAINIPCC

level *

The future change in temperature anomali&§EMP, is calculated in an analogous way. We can then
compute the additional net migration flows induced by futueather variations via equation (1) and
by using our preferred estimates in regressions (3)-(5abtel4 in the paper for thd PE’s and the
IPCC predictions forARAINI’SC and ATEMPFCC (see Table 5 in the paper for the IPCC’s weather

level level

forecasts).

Based on these projections, Table 11 ranks the countriesrafasaple according to higheatl-
ditional net out-migration expected by future weather change in thdiam outcome of the IPCC
projections. The numbers of net migrants are computed mguke medium-fertility population sce-
nario of the UN Population Projections (United Nations, 200t also offers thevariation in yearly
net migration for the worst and best weather changes, andala comparison, the yearly average net
migration induced by observed weather variations over gregd 1960-2000 for every country in the

sample.
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Table 1: Literature overview

Study focuses on

Source Country/Place Period Results

EVIDENCE FOR ENVIRONMENTAL IMPACTS ON MIGRATION

Naude (2008) sub-Saharan Africa 1965-2005 natural disasteluces conflicts
which lead to out-migration

Barrios et al. (2010) Sub-saharan Africa 1960-1990 lowierfall induces urbanization

Hammer (2004) Niger 1985 1 million migrated due to droughts

(plus many more in the Sahel region
during 1973 - 1999)

Smith and Petley (2009) Bangladesh 1994 0.4% of househdigimtad from
flooding

Henry et al. (2003) Burkina Faso 1970-1998 odds of migragirghigher in dry
regions vs. those with average rain-
fall

Dillon et al. (2010) Nigeria 1988-2008 temperature affeatsentives to
migrate

Ezra and Kiros (2001) Ethopia 1984-1994 vulnerability todcrisis induces
migration

Dercon (2004) Ethopia 1989-1997 rainfall affects consuompgrowth

Gutmann and Field (2010) City of New Orleans 2005 four yedimr aurricane Katrina
population is still down by 23%

Gutmann and Field (2010) southern South Sade County 1992 ricklne Andrew led to reduction
in population of 39%

Rappaport and Sachs (2003) USA 2000 quality of life (meabkuheough

weather) effect leads to larger pop-
ulation concentration at coast

Rappaport (2007) USA 1970-2000 population density affictoy
quality of life (measured through
weather)

Feng et al. (2010) Mexico 1995-2005 weather-driven changescrop
yields affect migration rate to the
us

Leighton (2006) North-East Brazil 1960-1980 drought anskdtfication induced
3.4 million migrants

Halliday (2006) El Salvador 1997-2001 agricultural shotiduce interna-
tional migration

Saldafia-Zorrilla and Sandberg Mexico 1980-2005 natural disasters lead to internal mi-

(2009) gration

Munshi (2003) Mexico 1982-1997 rainfall induces Mexico t& lthi-
gration

Cheshire and Magrini (2000) Europe 1980-2000 climatic atarns impact urban

population growth
EVIDENCE AGAINST ENVIRONMENTAL IMPACTS ON MIGRATION

Findley (1994) Mali 1982,1989 droughts did not increaserale
migration, but there was an in-
crease in female and child as well
as shorter-cycle migration

Paul (2005) Bangladegb 2004 no migration (due to disagigr ai
Halliday (2006) El Salvad 2001 earthquake reduced nimrat
Mortreux and Barnett (2009) Tuvalu 2007 climate change mmemt reason

for migration




Table 2: Variable definition and sources

CODE Definition Characteristics Source
MIGR Net migration flows Difference between numbers of immigrantsUS Census Bureau and UNHCR (2009)
and emigrants per thousands of populatipn
from 1960 to 2000, on a yearly basis, car-
rected by the refugee movement
RAIN Rain Anomalies Deviations from the country’s long-term Inter-Governmental Panel on Climate
mean, divided by its long-run standard de-Change (IPCC)
viation
TEMP Temperature Anomalies Deviations from the country’s long-term Inter-Governmental Panel on Climate
mean, divided by its long-run standard de-Change (IPCC)
viation
yiyF GDP per capita over GDP per capita Available 1960-2000 Income per capita from Penn World Ta-
in other African countries weighted bles and World Bank data and data fér
by the distance. To build this ratio|, originates from CEPIl (Mayer and Zignaga,
we excluded from the numerator the 2006).
country for which there was a miss-
ing value for GDP per capita, and
thus correspondingly also excluded
its distance to country in the de-
nominator. (This is to keep the
sum of rows in the weighting matrix
equalto 1, see Anselin (2002)). The
distance function used ig(d) =
1/d?, whered is distance of other
countries to country
WAR war onset 1 for civil war onset Fearon and Latin (2003)
WART War onsets in other countries Value between 0 and 1; war onsets in anotheFearon and Latin (2003) and CEPII
weighted by distance sub-Saharan African country weighted by|a
distance function
URB Urban population Share of urban population in total populatign United Nations (2009)
AGRI Whether a country has an agricul- Dummy variable World Bank (2009) for agricultural value
tural value added above the median added.
in 1995 (similar to Dell, 2009)
A Money Money plus Quasi-Money Absolute growth in money supply, available Robert Bates’ Database (Bates et al., 2011)
1960-2000
New State Independence 1 if country is in the two first years of indet Fearon and Latin (2003)
pendence, available 1960-2000
POPden Population density People per square meter, available 1960Robert Bates’ Database (Bates et al., 2011)

2000
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Table 3: Panel unit root test (Maddala and Wu, 1999)

Variable Panel Unit
Root Test

MIGR 324.478***
MIGR? 483.870***
RAIN 243.916***
TEMP 252.616***
RAIN*AGRI 123.067***

TEMP*AGRI 103.385**

WAR;_1 133.281***
WAR!" | 503.238***
Log(URB) 157.267***
Log(y/y™) 183.103***
A Money 108.057***
NetREF 406.949***

** gignificant at 5%; *** significant at 1%.
MIGR® stands for net migration rate without the correction forrgfeigee movement.

Fisher statistics are given by the test of Maddala and Wuq)L99nit test with one period lag.

22



Table 4: Basic Regressions

Regression (1) (2 (3 (4) (5) (6) ) (8)
Models POLS POLS POLS FE FE FE FE FE
RAIN -0.232 -0.21 -0.24 -0.223 -0.216 0.0168 -0.255 | -0.00701
[0.340] | [0.345] | [0.312] || [0.368] | [0.347] | [0.301] | [0.352] | [0.312]
TEMP -0.33 -0.169 | -0.00869 || -0.216 | -0.0631 | 0.000572| -0.142 -0.053
[0.382] | [0.362] | [0.257] || [0.270] | [0.254] | [0.295] | [0.248] | [0.250]
RAIN*AGRI 0.0548 -0.593 -0.639
[0.809] [0.833] [0.835]
TEMP*AGRI -0.361 -0.183 -0.256
[0.815] [0.543] [0.589]
RAIN;_1 -0.0115 | -0.0667
[0.213] [0.185]
TEMP; ¢ 0.314 0.248
[0.223] [0.245]
RAIN;:_1*AGRI 0.167
[0.504]
TEMP,_1*AGRI 0.185
[0.304]
log(y/yF) 0.813 0.799 -0.385 | -0.336 -0.29 -0.254
[0.703] | [0.711] [2.612] | [2.597] | [2.639] | [2.643]
log(URB) 0.78 0.794 -2.668 -2.633 -3.026 -3.011
[0.713] | [0.750] [3.711] | [3.692] | [3.794] | [3.782]
WAR;_1 1.338 1.366 1.009 1.072 1.034 1.119
[3.490] | [3.530] [3.320] | [3.320] | [3.329] | [3.331]
WARF | -2.749 -2.815 -2.608 -2.68 -2.411 -2.29
[3.997] | [4.026] [5.208] | [5.169] | [5.090] | [5.105]
AGRI 0.289
[0.911]
Constant 0.257 -1.327 -1.526 0.197 8.226 8.17 9.344 9.331
[0.446] | [2.866] | [2.850] [0.250] | [10.30] [10.26] [10.67] [10.64]
Observations 750 750 750 750 750 750 750 750
R-squared 0.002 0.014 0.015 0.001 0.005 0.006 0.006 0.007
F-test 0.655 1.38 1.454 1.033 0.564 0.623 0.668 0.841
Number of coun 39 39 39 39 39 39 39 39

** significant at 5%; *** significant at 1%.
Robust standard errors are in square brackessands for GDP per capita.
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Table 5: Robustness to an alternative dependent variable

Regressions 9) (10) (112)
Models FE2SLS FE2SLS FE2SLS
SE Robust Robust Robust
Stage 15t 15t 2nd
Dependent log(y/y") log(URB) | MIGR®
Variable
RAIN -0.0227* -0.00323 0.854
[0.0137] [0.00834] [0.862]
TEMP -0.0437*** | -0.0205** 2.934**
[0.0154] [0.00879] [1.302]
RAIN*AGRI 0.0494*** 0.00161 -1.293
[0.0187] [0.00997] [0.994]
TEMP*AGRI 0.00879 0.0457*** | -4.386**
[0.0218] [0.00984] [1.814]
WAR; — 1 -0.0755 0.00987 3.096
[0.0880] [0.0259] [5.919]
WARE [+ —1 -0.173 0.0224 0.581
[0.149] [0.0840] [7.288]
NetRef 0.000334 9.70E-05 | 0.986***
[0.000944] | [0.000254] | [0.0473]
log(y/y™) 22.26***
[7.763]
log(URB) 69.69***
[26.19]
Instruments
A Money 0.126** 0.0581*
[0.0580] [0.0351]
New State UK -0.642*** 0.230%***
[0.0894] [0.0484]
New State -0.0285 -0.0358
[0.0508] [0.0338]
HW-Dum® incl. incl. incl.
Region-Dun¥ incl. incl. incl.
Time-Duntf* incl. incl. incl.
Region-Timé incl. incl. incl.
Observations 750 750 750
Number of countries 39 39 39
F-test 92.76%** 67.94%** 24.86%**
F-Test on excluded IV| 30.26*** 12.96%**
Underid test 7.449**
Weak id stat 2.334
P-value Hansen test 0.862
Endo stat 13.08***
Root MSE 0.23 0.097 11.01

* significant at 10%; ** significant at 5%; *** significant at 19%\IGR* stands for net migration rate without the correction
for the refugee movement. Robust standard errors are inestpuacketsy stands for domestic GDP per capiid, stands
for foreign GDP per capita. “HW-Dum” stands for the 4 dumnoésiatton and Williamson (2003) for Ghana and Nigeria
for the years 1983 and 1985, “Region-Dum” includes regiomuhies, “Time-Dum” time dummies and“Region-Time”
time-region dummies.
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Table 6: Robustness to alternative climatic variables

Regression (12) (13) (14) (15) (26) a7 (18) (29) (20)
Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st 1nd st 1st 1nd 2nd 1st 1st 2nd
Dependent log(y/yF) log(URB) MIGR log(yly¥) | log(URB) MIGR log(yly¥) | log(URB) MIGR
Alternative 1 RAIN¢per RAIN ¢yl RAINcper RAINF RAINT RAINF RAIN;_1 RAIN;_1 RAIN;_1
Alternative 2 TEMPieyer | TEMPieyer | TEMPiyer TEMPF TEMPF TEMPF TEMP;_y, | TEMP;_1 | TEMP;_4
Alternative 3 RAIN e RAIN ¢yl RAIN ¢yl RAINF RAINF RAINF RAIN;_1 RAIN;_1 RAIN;_1
*AGRI *AGRI *AGRI *AGRI *AGRI *AGRI *AGRI *AGRI *AGRI
Alternative 4 TEMPiever | TEMPrewer | TEMPeyer TEMPF TEMPY TEMPF TEMP,_; | TEMP,—; | TEMP;_;
*AGRI *AGRI *AGRI *AGRI *AGRI *AGRI *AGRI *AGRI *AGRI
RAIN -0.0255* -0.00431 0.936 -0.0202 -0.00164 0.615
[0.0144] [0.00838] [0.845] [0.0142] [0.00806] [0.883]
TEMP -0.0404** | -0.0281*** 3.146* -0.0354** -0.0164* 2.552*
[0.0180] [0.0101] [1.444] [0.0159] [0.00885] [1.350]
RAIN*AGRI 0.0539*** 0.00504 -1.529 0.0448** -0.00285 -0.656
[0.0197] [0.0101] [1.023] [0.0189] [0.00977] [1.023]
TEMP*AGRI -0.00646 | 0.0606*** -4.566** 0.00572 | 0.0341*** -4.278**
[0.0304] [0.0140] [2.305] [0.0221] [0.00965] [1.925]
Alternative 1 -2.109** 0.175 37.87 0.106 0.0113 -3.063 -0.0151 0.0054 -0.0861
[0.997] [0.468] [48.63] [0.114] [0.0587] [5.754] [0.0148] [0.00792] [0.911]
Alternative 2 -0.0919** -0.0354 5.888** 0.0438 0.213 -18.84 -0.0345* | -0.0174** 2.282
[0.0421] [0.0255] [2.980] [0.279] [0.148] [15.52] [0.0161] [0.00861] [1.468]
Alternative 3 3.068** -0.609 -35.45 -0.125 -0.0696 11.19 0.025 -0.00652 0.221
[1.338] [0.621] [58.57] [0.171] [0.0830] [9.504] [0.0191] [0.00954] [0.997]
Alternative 4 0.0319 0.109*** -11.00** 0.134 -0.153 3.934 0.0129 0.0325*** -2.586
[0.0653] [0.0317] [4.410] [0.229] [0.0983] [10.34] [0.0221] [0.00989] [2.051]
WAR;_ 1 -0.0716 0.0125 2.666 -0.0772 0.00976 2.987 -0.0765 0.0115 2.507
[0.0859] [0.0263] [5.459] [0.0877] [0.0258] [5.498] [0.0877] [0.0260] [5.699]
[0.405] [0.633] [0.625] [0.379] [0.706] [0.587] [0.383] [0.659] [0.660]
WARf'l1 -0.181 0.0212 0.389 -0.202 0.00136 3.128 -0.175 0.0409 -1.649
[0.153] [0.0817] [6.991] [0.148] [0.0847] [7.405] [0.154] [0.0869] [7.937]
[0.239] [0.796] [0.956] [0.172] [0.987] [0.673] [0.255] [0.638] [0.835]
log(y/y*") 19.22%* 18.43** 17.27**
[6.617] [6.873] [7.335]
[0.00368] [0.00733] [0.0185]
log(URB) 67.25%* 67.99%** 87.89**
[24.15] [25.58] [42.01]
[0.00536] [0.00787] [0.0364]
Instruments
A Money 0.127** 0.0639* 0.132** 0.0644* 0.131* 0.0506
[0.0560] [0.0354] [0.0555] [0.0358] [0.0537] [0.0342]
New State UK -0.701%* 0.233*** -0.672%* 0.212%*= -0.703*** 0.140%*
[0.0925] [0.0488] [0.0957] [0.0510] [0.109] [0.0540]
New State -0.0395 -0.0393 -0.0235 -0.0367 -0.00312 -0.0279
[0.0499] [0.0335] [0.0499] [0.0341] [0.0553] [0.0340]
HW-Dum? incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Dun¥ incl. incl. incl. incl. incl. incl. incl. incl. incl.
Time-Dunf incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Timé incl. incl. incl. incl. incl. incl. incl. incl. incl.
Observations 750 750 750 750 750 750 750 750 750
Nbr of countries 39 39 39 39 39 39 39 39 39
Nbr of countries 39 39 39 39 39 39 39 39 39
F-test 39.33%** 104.87*** 42.27%* 89.98*** 62.65*** 26.73%* 88.87*** 65.79*** 22.17***
F-Test on excl. IV 31.51%** 12.23%+* 27.76%** 9.06%+* 22.42%** 3.46%+*
Underid test 7.899** 7.103** 3.985
Weak id stat 2.511 2.242 1.3
P-value Hansen test 0.764 0.973 0.933
Endo stat 14.33%** 13.71%** 14.42%*
Root MSE 0.23 0.098 10.61 0.23 0.097 10.51 0.23 0.096 11.53

* significant at 10%; ** significant at 5%; *** significant at 1%Robust standard errors are in square brackgttands
for domestic GDP per capita,” stands for foreign GDP per capita. “HW-Dum” stands for theu#ndhies of Hatton
and Williamson (2003) for Ghana and Nigeria for the years3188d 1985, “Region-Dum” includes region dummies,
“Time-Dum” time dummies and“Region-Time” time-region domes.



Table 7: Robustness to alternative economic variables {part

Regression (21) (22) (23) (24) (25) (26) 27) (28) (29)
Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st 1nd st 1st 1nd 2nd 1st 1st 2nd
Dependent log(y/y¥) | log(URB) MIGR log(y/y) | log(URB) MIGR log(y/y¥) | log(URB) MIGR
Alternative GDP per GDP per GDP per Chain Chain Chain Colony Colony Colony
log(y/y™') worker worker worker Trans. Trans. Trans.
RAIN -0.0203 -0.00332 0.944 -0.0229 -0.00332 0.846 -0.0197 -0.00332 0.899
[0.0135] [0.00832] [0.894] [0.0139] [0.00832] [0.834] [0.0137] [0.00832] [0.957]
TEMP -0.0416*** | -0.0204** 3.095** -0.0429*** | -0.0204** | 2.846** -0.0384** | -0.0204** | 3.221*
[0.0149] [0.00876] [1.362] [0.0153] [0.00876] [1.242] [0.0149] [0.00876] [1.511]
RAIN*AGRI 0.0421** 0.00162 -1.437 0.0493*** 0.00162 -1.264 0.0448** 0.00162 -1.33
[0.0183] [0.00997] [1.027] [0.0187] [0.00997] [0.939] [0.0186] [0.00997] [1.095]
TEMP*AGRI 0.0177 0.0455%** -4.496** 0.00808 0.0455%** | -4.262** -0.00491 | 0.0455*** | -4.782**
[0.0212] [0.00980] [1.841] [0.0218] [0.00980] [1.697] [0.0216] [0.00980] [2.062]
WAR; — 1 -0.0669 0.0104 3.413 -0.0746 0.0104 3.026 -0.0748 0.0104 3.055
[0.0868] [0.0259] [6.238] [0.0877] [0.0259] [5.723] [0.0882] [0.0259] [6.091]
WARFE |4 —1 -0.137 0.02 1.054 -0.183 0.02 0.904 -0.205 0.02 1.611
[0.142] [0.0850] [7.670] [0.150] [0.0850] [7.213] [0.147] [0.0850] [8.448]
Alternative 29.66*** 21.75%** 24.60**
log(y/yF) [10.29] [7.269] [9.575]
log(URB) 65.19%** 67.69%** 85.80**
[24.59] [24.17] [34.82]
Instruments
A Money 0.0987* 0.0596* 0.129* 0.0596* 0.0618 0.0596*
[0.0519] [0.0350] [0.0563] [0.0350] [0.0541] [0.0350]
New State UK -0.428** 0.230*** -0.641%* 0.230*** -0.616*** 0.230***
[0.0820] [0.0484] [0.0891] [0.0484] [0.0872] [0.0484]
New State -0.0451 -0.0362 -0.0258 -0.0362 -0.101** -0.0362
[0.0554] [0.0338] [0.0505] [0.0338] [0.0480] [0.0338]
HW-Dum® incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Dunt incl. incl. incl. incl. incl. incl. incl. incl. incl.
Time-Dunf incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Timé incl. incl. incl. incl. incl. incl. incl. incl. incl.
Observations 750 750 750 750 750 750 750 750 750
Number of countries 39 39 39 39 39 39 39 39 39
F-test 95.46%** 65.79%** 270.96*** 90.41%** 65.79%** 22.20%* 32.49%** 65.79*** 13.71%xx
F-Test on excl. IV 23.31%** 12.99%** 30.59*** 12.99*** 35.13%** 12.99***
Underid test 11.82%* 7.665** 8.265**
Weak id stat 0.00271 0.0217 0.016
P-value Hansen test 0.746 0.891 0.487
Endo stat 14.67%** 14.56%** 13.08***
Root MSE 0.23 0.097 11.75 0.23 0.097 10.85 0.23 0.097 12.1

* significant at 10%; ** significant at 5%; *** significant at 1%Robust standard errors are in square brackgstands
for domestic GDP per capita,”” stands for foreign GDP per capita. “HW-Dum” stands for theudnchies of Hatton
and Williamson (2003) for Ghana and Nigeria for the years3188d 1985, “Region-Dum” includes region dummies,
“Time-Dum” time dummies and“Region-Time” time-region duames.
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Table 8: Robustness to alternative economic variables #part

Regression (30) (31) (32) (33) (34) (35) (36) (37) (38)
Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st lnd st 1st 1nd 2nd 1st 1st an
Dependent log(yy™) | log(URB) MIGR log(y/y™) | log(URB) MIGR log(yly™) | log(URB) | MIGR®
Alternative log(y/f') Common Common | Common || Contiguity | Contiguity | Contiguity || Linguistic | Linguistic | Linguistic
Colony Colony Colony proximity | proximity | proximity
RAIN -0.0454*** -0.00332 1512 -0.0292* -0.00332 0.943 -0.0172 -0.00332 0.748
[0.0151] [0.00832] [1.112] [0.0173] [0.00832] [0.924] [0.0152] [0.00832] [0.896]
TEMP -0.0470*** | -0.0204** 3.376** -0.019 -0.0204** 2.471*% -0.0381** | -0.0204** 2.965**
[0.0172] [0.00876] [1.610] [0.0231] [0.00876] [1.249] [0.0173] [0.00876] [1.408]
RAIN*AGRI 0.0575*** 0.00162 -1.624 0.0497** 0.00162 -1.166 0.0446** 0.00162 -1.133
[0.0192] [0.00997] [1.161] [0.0227] [0.00997] [1.027] [0.0198] [0.00997] [1.017]
TEMP*AGRI -0.0096 0.0455%** -4.568** -0.0314 | 0.0455*** -3.910* -0.0125 | 0.0455*** | -4.429**
[0.0219] [0.00980] [2.015] [0.0273] [0.00980] [1.734] [0.0232] [0.00980] [1.919]
WAR; — 1 -0.0225 0.0104 1.788 -0.0802 0.0104 2.853 -0.104 0.0104 3.408
[0.0887] [0.0259] [6.147] [0.0961] [0.0259] [5.714] [0.0925] [0.0259] [5.813]
WARF |4 —1 -0.145 0.02 0.152 -0.23 0.02 1.192 -0.221 0.02 1.231
[0.163] [0.0850] [9.419] [0.196] [0.0850] [7.884] [0.154] [0.0850] [7.917]
Alternative 24.35% 19.30%** 20.61**
log(y/y*) [9.572] [7.225] [8.007]
log(URB) 83.56** 77.16** 80.91**
[34.38] [30.38] [32.96]
Instruments
A Money 0.0685 0.0596* 0.116** 0.0596* 0.0974* 0.0596*
[0.0520] [0.0350] [0.0579] [0.0350] [0.0527] [0.0350]
New State UK -0.608*** 0.230*** -0.827*+* 0.230** -0.804*** | 0.230***
[0.0906] [0.0484] [0.0901] [0.0484] [0.0906] [0.0484]
New State -0.101** -0.0362 -0.0204 -0.0362 -0.0248 -0.0362
[0.0488] [0.0338] [0.0572] [0.0338] [0.0487] [0.0338]
HW-Dum? incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Dunt incl. incl. incl. incl. incl. incl. incl. incl. incl.
Time-Dunf incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Timé& incl. incl. incl. incl. incl. incl. incl. incl. incl.
Observations 750 750 750 750 750 750 750 750 750
Number of countries 39 39 39 39 39 39 39 39 39
F-test 285.58*** 65.79%* 50.79%* 28.66*** 65.79%** 19.31%* 65.24%* 65.79%* 25.55%+*
F-Test on excl. IV 31.88*** 12.99*** 55.21%** 12,99+ 41.87** 12.99***
Underid test 8.455** 7.548** 6.933**
Weak id stat 0.0146 0.023 0.0312
P-value Hansen test 0.5 0.857 0.803
Endo stat 13.001%*** 14.34%** 14 4+
Root MSE 0.239 0.097 12.48 0.27 0.097 11.36 0.241 0.097 11.48

* significant at 10%; ** significant at 5%; *** significant at 1%Robust standard errors are in square brackgttands
for domestic GDP per capita,” stands for foreign GDP per capita. “HW-Dum” stands for theu#ndhies of Hatton
and Williamson (2003) for Ghana and Nigeria for the years3188d 1985, “Region-Dum” includes region dummies,
“Time-Dum” time dummies and“Region-Time” time-region domes.
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Table 9: Robustness to the addition or omission of controhistes

Regression (39) (40) (41) (42) (43) (44) (45) (46) (47)
Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st ond 1st 1st ond ond 1st 15t ond
Dependent log(y/y*) | log(URB) MIGR log(y/y") log(URB) MIGR log(y/y¥) log(URB) MIGR
Variable
Addition ACP ACP ACP Density Density Density
Omission No Conflict | No Conflict | No Conflict
RAIN -0.0232* -0.0033 0.882 -0.0229 -0.00332 0.849 -0.00819 -0.00133 0.484
[0.0137] [0.00831] [0.822] [0.0141] [0.00831] [0.844] [0.0143] [0.00797] [0.828]
TEMP -0.0426*** | -0.0204** | 2.851** -0.0435%*=* -0.0203** 2.858* -0.0387** -0.0200** 2.636**
[0.0152] [0.00877] [1.228] [0.0153] [0.00876] [1.244] [0.0155] [0.00875] [1.221]
RAIN*AGRI 0.0498*** 0.00159 -1.367 0.0473** 0.00191 -1.187 0.0378** -0.000235 -1.271
[0.0185] [0.00996] [0.927] [0.0184] [0.00999] [0.908] [0.0188] [0.0101] [0.980]
TEMP*AGRI 0.0106 0.0452*** | -4,161** 0.00614 0.0458*** -4.219** 0.0134 0.0480*** -4.118**
[0.0214] [0.00983] [1.652] [0.0217] [0.00975] [1.696] [0.0219] [0.0101] [1.660]
WAR; — 1 -0.0742 0.0104 3.211 -0.0947 0.0039 5.013
[0.0877] [0.0259] [5.818] [0.0904] [0.0251] [6.421]
WARfflt -1 -0.182 0.02 1.355 -0.26 0.00357 6.48
[0.150] [0.0851] [7.177] [0.164] [0.0829] [7.486]
Addition 0.177* -0.0163 -3.697 0.00310*** 0.000668 -0.140**
[0.1000] [0.0354] [2.936] [0.000754] | [0.000590] [0.0606]
log(y/yF) 23.86%** 21.63*** 31.00%**
[8.079] [7.243] [10.05]
log(URB) 63.82%** 68.50%** 55.82%**
[22.78] [24.37] [19.37]
Instruments
A Money 0.128** 0.0598* 0.129* 0.0598* 0.119* 0.0567
[0.0541] [0.0350] [0.0557] [0.0350] [0.0533] [0.0358]
New State UK -0.615*** 0.228*** -0.646*** 0.231%*= -0.408*** 0.275%*=
[0.0929] [0.0489] [0.0897] [0.0481] [0.0975] [0.0613]
New State 0.0843 -0.0467 -0.0292 -0.0362 -0.0469 -0.0395
[0.0892] [0.0380] [0.0508] [0.0337] [0.0514] [0.0342]
HW-Dum® incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Dun% incl. incl. incl. incl. incl. incl. incl. incl. incl.
Time-Duntf* incl. incl. incl. incl. incl. incl. incl. incl. incl.
Region-Timé incl. incl. incl. incl. incl. incl. incl. incl. incl.
Observations 750 750 750 750 750 750 750 735 735
Number of countries 39 39 39 39 39 39 39 39 39
Number of countries 39 39 39 39 39 39 39 39 39
F-test 85.57*** 68.72%** 56.11%** 64.18*** 64.98*** 595.00%** 61.10 54.,18*** 3512.28***
F-Test on excl. IV 17.56*** Q.22%** 31.07*** 13.18*** 14.25%** 9.06***
Underid test 7.773** 7.661** 13.59%+*
Weak id stat 2.56 2.449 4.822
P-value Hansen test 0.535 0.869 0.731
Endo stat 13,94+ 14.41%** 14.45%**
Root MSE 0.23 0.097 10.87 0.23 0.097 10.89 0.23 0.098 11.3

* significant at 10%; ** significant at 5%; *** significant at 1%Robust standard errors are in square bracketands
for domestic GDP per capita,”” stands for foreign GDP per capita. “HW-Dum” stands for theudnchies of Hatton
and Williamson (2003) for Ghana and Nigeria for the years3188d 1985, “Region-Dum” includes region dummies,
“Time-Dum” time dummies and“Region-Time” time-region damies.
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Table 10: Robustness with alternative OECD dataset

Regression (48) (49) (50) (51) (52) (53) (54) (55) (56)
Models FE FE FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st 2nd 1st st 1nd 1st st
Dependent MIGR MIGR log(y/y™) MIGR log(y/y™) MIGR log(y/y*) | log(URB) MIGR
Variable
log(y/y™) -2.863** -2.824** -19.73* -12.67* -10.06**
[1.354] [1.357] [10.88] [7.540] [5.022]
RAIN 0.00869 || -0.0247** -0.463 -0.0232*** | -0.00424 || -0.0232*** | -0.00683** 0.0459
[0.239] [0.00570] [0.410] [0.00576] [0.281] [0.00577] [0.00316] [0.232]
RAIN*AGRI -0.155 0.0205*** 0.377 0.0173** -0.0885 0.0186** 0.00509 -0.126
[0.236] [0.00739] [0.404] [0.00738] [0.241] [0.00740] [0.00421] [0.198]
TEMP 0.349 -0.0394*** -0.286 -0.0349*** -0.0717 -0.0336*** | -0.0133*** | -0.00111
[0.292] [0.00584] [0.559] [0.00603] [0.388] [0.00602] [0.00336] [0.347]
TEMP*AGRI -0.383 -0.00396 -0.426 -0.00637 -0.386 -0.00823 0.0236*** -0.333
[0.345] [0.00772] [0.396] [0.00772] [0.333] [0.00771] [0.00406] [0.323]
log(Distance) -2.143 -2.143 -0.00791 -2.568
[2.368] [2.365] [0.0445] [2.580]
WAR;_1 0.631 0.653 0.00466 0.886 -0.00294 0.511 -0.00229 0.00715 0.529
[1.225] [1.216] [0.0231] [1.221] [0.0238] [1.144] [0.0237] [0.00857] [1.149]
log(URB) -1.543
[2.511]
Instruments
A Money 0.0277** 0.0296*** 0.159*** 0.0612***
[0.00906] [0.0110] [0.0283] [0.0137]
New State -0.00957 -0.00399
[0.0332] [0.0179]
Constant 22.93 22.84
[22.83] [22.83]
o Incl. Incl. Incl. Incl. Incl. Incl. Incl.
aj Incl. Incl. Incl. Incl. Incl. Incl. Incl.
a;j Incl. Incl.
HW-Dum® Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Dunt Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Time-Durf Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Timé Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Observations 4’959 4’959 4’503 4’503 4'463 4'463 4’463 4'463 4'463
F test 9172%** 37774% 599*** 3.90%** 593*** 228*** 151%*=
F-Test on excl. IV 9.33%** 7.31%** 13.85%** 39.27%**
P-value Hansen 0.0989
Underid test 14.75%* 11.49%+* 26.32%**
Root MSE 7.621 7.622 0.210 8.293 0.203 5.834 0.203 0.0911 5.742

* significant at 10%; ** significant at 5%; *** significant at 1%Robust standard errors are in square brackgttands

for GDP per capita in migrants’ origin countrieg! stands for GDP per capita in destination countries. “HW-Dum
stands for the 4 dummies of Hatton and Williamson (2003) fha and Nigeria for the years 1983 and 1985, “Region-
Dum” includes region dummies, “Time-Dum” time dummies arRefion-Time” time-region dummies. Efficiency of
regressions (16)-(18) have been strengthened by introdubie square of the money supply to make the instruments
stronger. Otherwise, the second-stage is less preciseodhe instrument weakness in such a setting. Angrist-Peschk
multivariate F test of excluded instruments for regreséi@h-(56). R-squared not shown, because, in the case of/PELS

it is not an appropriate measure of the goodness of fit anddatatistical meaning (see www.stata.com).
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Table 11: Projected changes in net migration, by country

A. Annual net migrants (numbers) B. Annual net migrants (perthousand of population)
(@) @ [€)] 4 ®) 6) (1 8
2080-2099 1960-2000 2080-2099 1960-2000

Country median best worst Country median  best worst

Nigeria -4046790 | -1352539 -6614062 -22000 Congo Brazz. -9.25 -3.52 -14.69 -0.01
Tanzania -2255926 | -781905 -3318285 -13119 Gabon -8.64 -3.53 -13.49 0.23
Kenya -1288887 -513725 -1856386 -14732 Mozambique -8.63 -4.12  -12.72 -0.67
Uganda -830091 | -216471 -1262958 -7688 Tanzania -8.60 -2.98 -12.65 -0.55
Niger -642116 -156446  -1138538 -4788 Angola -8.23 -3.97 -12.10 -0.84
Mozambique -640826 | -306091 -944822 -10330 Sierra Leone -7.97 -3.21  -12.48 -1.34
Angola -489114 -236036 -719281 -9761 Kenya -7.66 -3.05 -11.03 -0.55
Ghana -427738 | -162675 -679480 -9079 Guinea -7.50 -3.01 -11.76 -1.44
Mali -350832 -10878 -664631 -12698 Ghana -6.84 -2.60 -10.87 -0.71
Guinea -268202 -107505 -420574 -9487 Djibouti -6.51 -3.01 -9.13 -0.82
Benin -167796 -58263 -272076 -3786 Nigeria -6.35 -2.12  -10.39 -0.28
Sierra Leone -135132 -54472 -211598 -5971 Uganda -5.93 -1.55 -9.02 -0.55
Congo Brazz. -128248 -48850 -203652 -32 Niger -5.83 -1.42 -10.34 -0.66
Gabon -34191 -13955 -53367 201 Guinea-Bissau | -5.47 -2.32 -8.44 -1.34
Guinea-Bissau -28727 -12205 -44360 -1446 Benin -5.43 -1.88 -8.80 -0.84
Gambia -27136 -12568 -40871 -1508 Mali -5.27 -0.16 -9.97 -1.56
Djibouti -12569 -5806 -17635 -443 Gambia -4.86 -2.25 -7.32 -1.63
Botswana -10640 -3282 -14824 -1548 Botswana -4.66 -1.44 -6.49 -1.23
Swaziland 6065 3389 8563 359 Lesotho 3.67 2.05 5.19 0.48
Mauritius 9378 5241 13240 65 Swaziland 3.89 2.18 5.50 0.53
Lesotho 11086 6195 15651 830 Mauritania 4.02 2.90 6.03 0.46
Namibia 21194 11844 29921 1072 Sudan 4.16 3.01 6.24 0.59
Mauritania 42948 31018 64423 1021 Senegal 4.18 2.28 5.96 0.57
Togo 64297 35071 91575 1160 Burkina Faso 4.31 2.35 6.14 0.24
Centr. Afr. Rep. 74061 40397 105480 688 Zimbabwe 4.60 2.57 6.49 0.48
Burundi 84430 47492 113453 2790 Togo 4.79 2.61 6.83 0.31
Liberia 98117 53518 139743 361 Chad 5.18 3.74 7.78 0.11
Zimbabwe 99245 55460 140111 4620 Namibia 5.24 2.93 7.40 0.69
Senegal 193226 105396 275201 4123 Zambia 5.34 2.98 7.54 0.49
Chad 190440 137540 285661 549 Rwanda 5.47 3.07 7.35 0.62
Rwanda 212874 119742 286050 3858 Burundi 5.64 3.17 7.58 0.56
Cameroon 326530 178107 465057 171 Ethiopia 5.84 3.28 7.84 0.30
Cote d’lvoire 327375 178568 466261 1081 Malawi 6.16 3.44 8.70 0.44
Burkina Faso 336579 183589 479371 2029 Liberia 6.36 3.47 9.05 0.16
Sudan 469210 338874 703815 14567 Cote d’'lvoire 6.62 3.61 9.43 0.10
Zambia 592775 331257 836859 3639 Cameroon 6.90 3.77 9.83 0.02
Malawi 677564 378639 956561 3759 Centr. Afr. Rep.| 7.11 3.88 10.12 0.24
Congo Ksh. 1316591 740582 1769168 5241 Congo Ksh. 7.14 4.01 9.59 0.16
Ethiopia 1544354 868699 2075226 14636 Mauritius 7.99 4.46 11.27 0.07

The countries of our sample are ranked according to higidgitionalnet out-migration expected by the IPCC'’s scenario A&lianweather forecast.
Columns (1) to (3) display future changes in thenberof net migrants as a consequence of IPCC's scenario A1B pegjegeather variations. They
account for population increase between 1980-1999 and-2080 as estimated by the medium-fertility scenario of the Uplupation forecasts.
Columns (5) to (7) show projections for net migratiatesinduced by weather changes. Column (4) displays the yeagsage number of net migrants
induced by weather variations over the period 1960-2000ur@o (8) shows the yearly average net migration rate due tohgeatriations over the

same period. Columns (1) to (3) evaluate the additional numtegtanigrants compared to the average population for the p&980-1999.
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