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1.1. GOING BEYOND THE DISCOURSES 1

This dissertation aims to improve our understanding of two phenomena, the
occurrence of violent conflicts and the emergence of forced migration. I do not
expect to provide an exhaustive description of these complex emergencies. I in-
vestigate these pressing issues through the lens of an economist (section 1.3).
Nevertheless, I believe the dissertation contributes in a complementary way to
what has been done on related issues by other social scientists such as anthropol-
ogists, political scientists, psychologists or sociologists. Hopefully, this would
add to our collective understanding of the world and pave the way for improved
policy design and implementation with the aim of improving the destinies of mil-
lions of people.

In this dissertation, I subscribe to a deductive scientific approach that has been
described by Popper (1968). Emphasizing the need to go beyond the discourses
by agents of social phenomena (section 1.1), I formulate “problem situations” in
Popper (1965)’s words or hypothesis to be tested. Such hypothesis relate to the
relationship between income inequality and conflict in chapter 2, climate change
and migration in chapter 3, and refugee presence and welfare of the hosting pop-
ulation in chapter 4. Such a testing purpose will require applying a systematic
method. Paraphrasing Popper (1968), I will take the liberty to call this method,
the logic of economic investigation (section 1.2).

1.1 Going beyond the discourses

The methods used by an applied economist differ greatly from other social sci-
entists. I believe that most of research on conflict and forced migration has been
unduly influenced by the discourse of the involved actors. People tend to justify
their actions. But, justifications may be far from real motivations. The study of
conflict illustrates very well a field where, as stated by Collier (2000, 1), “we can-
not trust the discourse.” An often-encountered romantic view on rebellion tends
to perceive the rebel leaders as heroes fighting for social justice, equality, frater-
nity, equal rights, minority recognition, etc. Rebel leaders themselves are likely
to feed this perception. They need to recruit fighters. Recruitment is much eas-
ier on an ideological basis than on a self-interested agenda. Most of the times,
rebellions need international support, being on financial or strategic grounds. In-
ternational support cannot be obtained on a criminal basis, but on a seemingly
humanism basis. Nevertheless, several authors show that economic agenda have
often overcome political ones for leaders of the uprising. Diamonds appropri-
ation has been the major motivation for rebellion in countries such as Angola,
Congo and Liberia (Olsson, 2007) or Sierra Leone (Richards, 1996). Other eco-
nomic motives could be observed such as the control of illegal trade, e.g. drug
smuggling in Afghanistan (Rubin, 2000), the control of land in Somalia and Iraq
(Keen, 1993) or the exploitation of cheap labor in Sudan (Keen, 1994). Naturally,
the same might be true for the state that could adopt rent-seeking behaviors. That



2 1. GENERAL INTRODUCTION

does not mean that grievances can never constitute a driving factor for civil war
but discourse should not be taken for granted.

1.1.1 Beyond the words of Marcos (chapter 2)
“Nous cherchions la réponse à une situation absurde, anachronique:
pourquoi si peu de gens avaient tant et tant de gens avaient si peu
?”, El Sub-Commandante Marcos in “La véritable légende du sous-
commandant Marcos", documentary of Tessa Brissac and Carmen
Castillo, October 1994

As shown in chapter 2, rebellion in South Mexico, especially in Chiapas is
a case in point where discourses cannot be trusted. Contrary to armed move-
ments such as the FARC in Colombia, it is obvious that the military power was
highly unbalanced between the Mexican federal government and the Zapatista
rebel movements. However, the rebel group and in particular, its leader, el sub-
comandante Marcos were able to use “ideas as weapons” (Marcos, 2000) to get
local and international support. Such support was obtained by setting “Equality”
and “Indian autonomy” at the core of the Zapatista demands. That does not mean
that such motivation cannot play a role but there is a priori no reason to believe
that they have a bigger explanatory power than other less-generous motivations.
Putting such discourse into perspective, we explore in chapter 2 the role of income
inequality at the municipal level in motivating people to support the rebellion in
South Mexico. Chapter 2 does not exclude income inequality as a determinant
of local conflict but qualify previous findings by discussing the appropriate geo-
graphical level in studying this issue.

1.1.2 Beyond Copenhagen speeches (chapter 3)
“And without common action extreme temperatures will create a new
generation of poor with climate change refugees driven from their
homes by drought, climate change evacuees fleeing the threat of
drowning, the climate change hungry desperate for lack of food.”,
Speech delivered by the UK Prime Minister Gordon Brown at the
Copenhagen summit on climate change, taking place on 17 Decem-
ber 2009

On the economics of forced migration, discourses are no less misleading.
Chapter 3 devoted to climate change and migration illustrates how economics
may assess the validity of an often-heard consequence of climate change. World
leaders such as former US president Bill Clinton, UN General Secretary Boutro
Boutros-Gali, UK prime ministers Tony Blair and Gordon Brown, just to name a
few of them, have warned about the migratory consequences of climate change,
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with a special focus on developing countries. However, it comes to me as a sur-
prise that there was very little empirical evidence backing these claims. Such a
lack of evidence is actually stressed by the well-known International Panel of Cli-
mate Change (IPCC) : "Negative impacts of climate change could create a new
set of refugees, who may migrate into new settlements, seek new livelihoods and
place additional demands on infrastructure (Myers, 1996; McLeman and Smit,
2004) ... However, few detailed assessments of such impacts using climate as a
driving factor have been undertaken for Africa" (Boko et al., 2007, 450). The re-
search question we will deal with in chapter 3, is to explore whether such warning
on the migratory consequences of climate change is nothing more than an asser-
tion. Quantifying the magnitude of the phenomenon and discussing whether it
can magnify in the decades to come is a necessary condition to investigate further
either the consequences of this environmentally induced forced migration or the
mitigation role that such migratory movements can play.

1.1.3 Beyond the reported burden of refugees (chapter 4)
“No other region has suffered from refugee damage as has Kagera.
The damage by deforestation as some 600,000 sought to make camp
and to meet their demands for fuelwood has been colossal. Game
reserves were heavily poached, morals polluted and drug resistant
STDs [Sexually Transmitted Diseases] were introduced. As if this is
not enough, roads were damaged through overuse , health and water
facilities were overloaded ... Refugees leave , but the scarces remain.”
(National Bureau of Statistics, 2003, vii-viii)

The dissonance between discourses and factual realities was also quite puz-
zling during our fieldwork in Tanzania, leading to chapter 4 of this thesis. Na-
tional authorities tended to depict the refugee presence as a burden on the local
economies. Such a discourse was very present in the capital city of this east-
ern African country, Dar es Salaam and in the national media. Nevertheless, the
closer I went to the refugee camps, the more qualified reported opinions became
about the impact of refugees, stressing on the contrary, the negative shocks on the
local economies when refugees will leave the areas. That does not mean again
that we should neglect the reported issues of environmental degradation or secu-
rity, but it stresses the need to put the widespread discourse describing the refugee
presence as a burden into perspective. Could economic analysis help us to know
how the hosting population is affected by massive refugee inflows and through
which channels? That is the purpose of chapter 4.

In summary, our economic approach will give less weight to the declared in-
tentions of the actors than to their actions or at least, the actions inferred from
outcomes. As a result, this dissertation has the purpose of drawing causal in-
ferences from various types of data, using theoretical predictions as guidelines.
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Although the subjects investigated in the following chapters may greatly differ,
they share a common methodology, based on rational choice theoretical frame-
works and econometric tools with the aim to identify causal relationships.

1.2 The logic of economic investigation

Conflict and forced migration have often been echoed as resulting from irrational
behaviors. Common wisdom tends to consider conflict as the opposition of peace.
People would suddenly discover the “dark side” of their soul and decide to fight.
Forced migration has generated the same type of perceptions. We tend to perceive
forced migrants as disoriented households, forced to resettle due to the occurrence
of conflict or natural disasters. Similarly and related to the last chapter of this
thesis, forced migrants hosted within camps are also often perceived as passive
refugees under assistance. No scope for rational choice is usually given either in
the narratives of conflict or forced migration.

In this dissertation, we take a radically different perspective. If “Economics
is the science which studies human behavior as a relationship between ends and
scarce means that have alternative uses” (Robbins, 1962, 16), there is no reason
to limit our fields of investigation to production and consumption behaviors in
politically or environmentally peaceful societies. Conflict and natural disasters
do not make the problem of the relationship between ends and scarcity obso-
lete. On the contrary, they only make it more accurate. Furthermore, evidence
rejects the consideration of conflict and forced migration as two irrational phe-
nomena. First, some scholars (Hirshleifer, 1985; Lichbach, 1989; Keen, 1998;
Collier, 2000) have stressed the importance of rationalizing the events of vio-
lence. Conflict should be investigated as a positive phenomenon, in the sense of
a phenomenon that has functions as well as causes and effects. We need to put
into perspective the common view on conflict, which tends to perceive conflict
as a breakdown of a particular system, rather than the setting up of an alternative
system imposing costs but also generating benefits for some people. Events such
as wars, however terrible and catastrophic, are actually produced. They are the
result of the interactions between and the decisions made by different agents who
seek to achieve certain objectives under some constraints. Second, forced migra-
tion is not necessarily the result of irrational decisions. The term “forced” has
usually lead to misleading interpretation regarding the lack of alternatives for the
concerned people. However, “forced” is rather related to the exogenous nature of
the cause of migration. Even people who decide to leave their home due to the oc-
currence of war or the emergence of a natural disaster, make important decisions
whether to move but also when, where, how and with whom to move (Turton,
2006). To improve our understanding of conflict and forced migration, we there-
fore seek to apply economic tools and, in particular, the use of rational-choice
models and econometric techniques that aim at identifying causal relationships.
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1.2.1 Rationalizing seemingly irrational events

Economics as a social science has mainly evolved under the adoption of rational-
choice models. This dissertation makes no exception. Methodologically, we as-
sume that people are self-interested and rational. In my opinion, the assumption
on self-interested agents is the best approach to put aside the discourses expressed
by the main actors. However, I would like to make it clear that we do not prevent
people from deciding to cooperate with others. That only means that people will
not do so against their own interest. Furthermore, the notion of interest should
be understood in a sufficiently broad sense. Interest is not restricted to mone-
tary terms but could also incorporate notions such as prestige, honors, power, etc.
Sen (1977) goes actually very far in including feeling such as sympathy in his
definition of self-interest. The assumption of rationality is also less restrictive
that it is often argued against. That indeed does not mean that we make perfect
computations. We are just willing to weight the expected costs and benefits of
our actions and, therefore, make some guided decisions. For example, potential
migrants cannot know exactly what their life will be if they decide to move to
another place. But yet, they make some kind of guess on notably, the probability
to find a job, the expected housing costs, their ability to make friends in a new
environment, etc. The same is true for conflict. No conflicting side knows exactly
what could be the costs and benefits of warfare. But decision-makers decide to
enter or not into war, the “province of chance” (Karl von Clausewitz 1780-1831)
based on their estimated probability of overthrowing the other side and the ex-
pected gain of their actions. Discussing these assumptions in the field of conflict,
Hirshleifer (1985, 59) defines rationality in terms of appropriateness : “in light of
one’s goal (preferences), if the means chosen (actions) are appropriate the indi-
vidual is rational ; if not, irrational. “Appropriate” means here refer to the method
rather than the result. Rational behavior is action calculated on the basis of the
rules of logic and other norms of validity. Owing to chance, good methods may
not always lead to good results”. Needless to say, feelings such as fear, xeno-
phobia or anger can be at the core of conflict and forced migration. I leave to
more knowledgeable social scientists the care of debating how much these phe-
nomena can be rationalized. However, as an applied economist, I prefer to adopt
the rationality assumption for its predictive power. Irrational behaviors can cer-
tainly be observed. Nevertheless, such behaviors may be sufficiently marginal to
be neglected and useless to describe systematic actions. Hirshleifer (1985) adds
to that “aggregation” argument, the role of selection or competition processes in
eliminating irrational behaviors. These two assumptions have an important con-
sequence. Our theoretical framework will help us to predict how people will react
to changes in their economic environment.

In chapter 2, we rationalize local violence in Mexico by describing a sequen-
tial game with three main decision-makers : the government that can decide to use
the carrot (redistributing resources to the peasants at some cost) or the stick (using
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military forces also at some cost) ; the rebel leader who can decide to organize an
uprising or not, by providing a reward to the fighters sufficiently large to make this
option valuable; and finally, the peasant who can decide to work or to fight. The
choice of the peasant corresponds to the dichotomous view defended by Vilfredo
Pareto : "The efforts of men are utilized in two different ways: they are directed to
the production or transformation of economic goods or else to the appropriation
of goods produced by others" (James, 1984, 160). Rationalizing the incentives
to support the rebellion implies that decision-making peasants will decide to join
a rebellion or to work in production systems, depending on whether one activity
is more profitable than the other. The model allows us to predict the equilibrium
level of insurgents according to the level of income inequality, wealth per capita,
coordination costs and the relative efficiency of the rebel leader. The purpose
of such a theoretical model is not to incorporate all aspects of human behavior
and social fabric. Our model remains extremely simple and does not incorporate
more complex strategic behaviors based on imperfect information or commitment
(Shelling, 1960). But yet, our theoretical model has the power to shed light on
some interesting mechanisms to be further tested. The main lesson is that both
relative and absolute deprivation measures should be studied together. The in-
terpretation of these factors even provides a possible reconciliation between two
somewhat conflicting views on conflict. Economists have often emphasized the
opportunity cost of joining a rebellion, while for political scientists, larger wealth
should increase the incentives and the financing capacity of the rebel leader to
organize an uprising. Therefore, we expect that controlling for the opportunity
cost of joining a rebellion, an increase in income per capita should increase the
ability of the rebel leader to organize a rebellion, via the so-called looting effect.
Such theoretical predictions will then guide our empirical investigation.

In chapter 3, we rationalize the fact to move from the countryside to the city
or to migrate to another country due to climate change. The potential migrant will
decide to move to another country if the indirect utility is larger in another one
than his home country. Our model describes the way climate change will affect
the agricultural workers to move internally from the countryside to the city and
the potential migrant to another country. Of course, non-economic factors can en-
ter into the migration decision.1 However, we do not need to introduce additional
complexities to obtain meaningful mechanisms to be investigated. Our model pre-
dicts that climate change will not only alter the economic incentives to migrate
but could also directly affect migration through changes in amenities. Further-
more, the model gives a peculiar role to urbanization as a mitigation component.
While climate change increases the incentives to move from the countryside to
the cities, due to agglomeration forces, urbanization tends to mitigate the impact
of climate change on international migration. The mechanisms emphasized in the
model also incorporates two dimensions that Collier et al. (2010) have advocated

1Such factors are considered in Tabuchi and Thisse (2002) and Crozet (2004).
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for being included in theoretical frameworks aiming at describing the effects of
climate change. On the one hand, we allow for sectoral mobility as determining
the mitigation capacity of the origin country. On the other hand, we expect the
impact of climate change to be particularly strong in countries whose economies
rely heavily on the agricultural sector.

In chapter 4, it is again crucial to go beyond the discourses by rationalizing the
behaviors of the agents following an exogenous increase of agricultural workers,
the refugees. Our theoretical model focuses on describing how a large inflow of
refugees would affect the labor and the goods markets in a two-sector economy.
Again, this is a highly simplified representation of the real world but it helps us
to provide theoretical predictions on the way the impact may be differentiated
among the refugee-hosting population, without attributing any particular charac-
teristic either to the refugee or to the hosting population. Although they were
found important in the reported effects in the field, large negative externalities
such as environmental degradation and security issues or other reported benefits
such as the provision of health services or the decrease in transport costs are not
included in the theoretical framework. But while these effects may be empirically
relevant, we do not need these complexities to describe the theoretical mecha-
nisms we are interested in, i.e. the changes in factor prices on the labor and goods
markets. Chapter 4 also illustrates that the purpose of our empirical investiga-
tion is not always to support a theoretical prediction. It is true that consistently
with the theoretical predictions, we find that the agricultural worker experiences
welfare deterioration due to fiercer competition on the labor markets, while house-
holds initially involved into self-employed agricultural activities benefit from this
cheap labor force. However, the welfare deterioration experienced by house-
holds initially involved into self-employed non-agricultural activities contradicts
the theoretical prediction. This is because we have a rational-choice theoretical
framework behind our empirical analysis that we had to find a reasonable expla-
nation (based on competition and selection effect) for the discrepancy with the
theoretical model.

1.2.2 The challenge of causality

In my view, drawing causal inferences constitutes the most challenging task of an
applied economist. Popper (1968, 59) describes the difficulty of that challenge in
the following way : “To give a causal explanation of an event means to deduce
a statement which describes it, using as premises of the deduction one or more
universal laws, together with certain singular statements, the initial conditions. It
is from universal statements in conjunction with initial conditions that we deduce
the singular ... We call this statement a specific or singular prediction. The initial
conditions describe what is usually called the ‘cause’ of the event in question ...
And the prediction describes what is usually called the ‘effect’.” What I like very
much in the description of Popper is the fact that theory, which he describes as
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“using as premises of the deduction one or more universal laws”, is an integral
part of the search for causality. In each chapter of this thesis, theoretical models
shed light on mechanisms explaining how initial conditions or causes generate
predictions or effects. We then seek to assess the validity of these theoretical pre-
dictions by investigating statistically causal relationships between two or more
variables. Acemoglu (2010, 1) also emphasizes how economic theory “provides
guidance on the external validity of econometric estimates, meaning that it clari-
fies how we can learn from specific empirical exercises about the effects of similar
shocks and policies in different circumstances and when implemented on differ-
ent scales.” Lastly, we collect, in a complementary way, fieldwork observations,
anthropological evidence and historical reported facts.

Of course, identifying causality is much more demanding than finding a corre-
lation. This is referred in each chapter of this thesis as the problem of endogene-
ity. The most obvious threat to exogeneity is the issue of simultaneity between the
variable of interest and the dependent variable. In chapter 2, is inequality lead-
ing to conflict or the reverse? In chapter 3, when assessing how climate change
affects the economic incentives to migrate, we might also wonder if it is not mi-
gration, instead, that alters income per capita. Similarly, our theoretical model
points to several sources of endogeneity. In the discussion of the results (relax-
ing theoretical assumptions about household geographical mobility) in chapter 4,
we may also wonder whether changes in welfare, possibly related to the presence
of refugees, allow some households to pay for the cost of migration. The threat
to exogeneity could also result from an unobserved effect. As a matter of fact,
in chapter 2, we suspect local governance, which we cannot proxy in our data,
to affect income inequality and the probability of conflict. Without dealing with
such a source of endogeneity, we are unable to draw any causal inference between
income inequality and conflict in South Mexico.

In other words, our ability to draw causal inferences is very much constrained
by the fact that history is not random and does not repeat itself in exactly the same
circumstances. Natural scientists may repeat in a laboratory an experiment by ap-
plying a treatment in a random fashion to a sample of their population. Social
scientists can seldom perform such experiments.2 Fortunately, econometrics has
proposed innovative tools to deal with the endogeneity problem. First, the use
of other explanatory variables helps us to control for other explanatory channels
than the one(s) of interest and for some observed heterogeneity between units
of analysis (using municipal control variables in chapter 2, country variables in

2Experimental economics is of course an exception. In development economics, economists
such as Duflo et al. (2006) have also implemented randomized experiments assessing for exam-
ple the impact of introducing textbooks in schools, comparing the results of students before and
after the introduction of these textbooks and comparing the changes to a control group where no
treatment is introduced. There is no doubt that such research has made huge contribution to devel-
opment economics but such experiments are not applicable to any issue under investigation and
has also some limitations (Banerjee and Duflo, 2008, for a discussion).
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chapter 3 or household and village characteristics in chapter 4). Second, we ex-
ploit instrumental variables to deal with the endogenous nature of our variables of
interest, under some exclusion restrictions. In chapter 2, we discuss the validity
of three instrumental variables in dealing with the potential endogeneity of in-
come inequality and to some extent, income per capita. For instance, the share of
people using shoes twenty years earlier is expected to affect income inequality in
1990 but is likely to fulfill the exclusion restriction, i.e. is likely not to affect the
probability of support to the rebellion in 1994. Third, with the exception of chap-
ter 2 for which data were not available, we exploit the panel structure of our data,
allowing to get rid of any time-constant unobserved variables or any trend that
would otherwise bias the estimated effect of our variables of interest on the de-
pendent variable. In chapter 3, we assess how changes in the deviations from the
normal climatic conditions affect changes in net migration, income per capita or
the level of urbanization. Otherwise, working with variables in levels would pick
up several other unobserved effects. Higher or lower levels of income per capita
or migration rates may reflect the effects of other unobserved variables, such as for
example, higher levels of human capital, or a long tradition of migration in some
countries. Using panel data does not solve all the problems (therefore, we also
introduce instrumental variables in this chapter) but partly reduces the risks of en-
dogeneity bias. Finally, chapter 4 goes one step further in mimicking a laboratory
experiment. To be precise, we exploit the fact that about one million refugees
came in a very unexpected way and were hosted in movement-restricted camps
to assess the impact on the welfare of the hosting population in the region of
Kagera in Northwestern Tanzania. This constitutes what is called a quasi-natural
experiment (Meyer, 1995). Very detailed data on exactly the same households
were available before and after the refugees arrived. So, by exploiting time and
spatial variations in the way households have been exposed to the refugee pres-
ence and controlling for other factors at the household and village levels, our
estimation compares the change in welfare of households highly exposed to the
refugee presence (the treatment group) to the one of other households living far
away from refugee camps (the control group). One of the biggest challenges in
chapter 4 is to assess, what we call the identifying assumptions. Or put it differ-
ently, how much can we mimic such an experiment by discussing the randomness
of the event and the comparability of the two groups in case the refugees were
not present in Tanzania (counter-factual). In my opinion, such a quasi-natural ex-
periment constitutes a very powerful tool to draw causal inferences, in particular
when assessing the impact of refugees on the hosting population in Northwestern
Tanzania.
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1.3 A contribution to two pressing issues

1.3.1 On the issue of conflict

According to Gleditsch et al. (2002), there were 163 internal conflicts out of 225
conflicts having occurred between 1946 and 2001. Such a number is largely
explained by the emergence of internal conflicts after the end of the Cold War
(Gleditsch et al., 2002). Today, the life of millions of people is still threatened
by warfare all over the world. There is no doubt that armed conflict has been one
of the most important impediment to human development (World Bank, 2011,
forthcoming). According to Collier et al. (2008), civil war tends to reduce eco-
nomic growth by around 2.3 percent a year, so that for an average 7-year war, the
affected country will be 15 percent poorer than it would have been. It would take
an estimated 14 years for such a country to reach the level of GDP it would have
attained if the war would not had arisen. The cost is even larger given that risk
of experiencing a war is much higher for countries that have recently experienced
conflicts and given the likely spread of conflict to neighboring countries (Mur-
doch and Sandler, 2002). Damages are not limited to the civilian and military
deaths. Given the destruction of human and physical capital, but also of polit-
ical institutions and social capital, war has very long-lasting destructive effects
on the survivors. Collier (1999) also adds to capital destruction four further ef-
fects : Public resources are diverted from productive activities to violence; there
is an increase in opportunism as time horizons shorten; capital, both financial and
human, leaves the country; and there is a shift away from vulnerable economic
activities towards those that are less vulnerable to warfare (but less economically
rewarding) such as arable subsistence agriculture.

The cumulative and destructive effect of war is easy to understand looking
at the microeconomic evidence. In Burundi, war was found to have very long-
lasting effects given the impact of war on the health status of children (Bunder-
voet, 2009), which should be associated with substantially less schooling during
adolescence, worse adult health, and lower adult productivity (Alderman et al.,
2006). The detrimental effect on children’s health status is equally confirmed
with Rwandan household data (Akresh et al., 2010). The detrimental impact on
schooling is directly tested by Akresh and de Walque (2010). School-age chil-
dren who have been exposed to the genocide, experience a drop in educational
achievement of almost one-half year of completed schooling and are 15 percent-
age points less likely to complete third or fourth grade. Other studies have shown
how cumulative effects come from the destruction of assets (e.g. cattle), which are
very important to smooth consumption overtime and be able to overcome credit
constraints for education, health and income-generating activities (Blattman and
Miguel, 2010). Given the use of microeconomic data, efforts are still dispersed
but we have a better understanding of the persistency of the detrimental conse-
quences of war.
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Although further work is needed to understand, say, the role of institutions
(e.g. family, informal groups, or state institutions) or the recruitment process
within rebel organizations, going beyond cross-country analysis has improved
our understanding of the costs of civil war. Debate is much more lively regarding
the causes of internal conflicts. The unsettled research on the causes of conflict
is not due to a lack of academic interest but might be due to the risk of subjec-
tive bias that threatened the researcher since such a debate may sometimes take
a highly ideological form. Using cross-country data, Collier and Hoeffler (2007)
review much of their results, since their seminal work of 1998 (Collier and Ho-
effler, 1998). We assess the results that seem to reach a certain consensus among
the scientific community. Contrary to general belief, very high level of ethnic
and religious diversity appears to reduce the risk of conflict, as it increases the
coordination costs for the rebel leader. However, such identity division may exac-
erbate this risk when there is a dominant group or when the groups are polarized
(Esteban and Ray, 1999). Conflict seems to be more likely in poor and resources-
abundant countries.3 This would be consistent with theories emphasizing the op-
portunity cost of rebellion but also the ability of the rebel leader to finance the
uprising by looting part of these natural resources. Civil war is also more likely
in countries having recently experienced such a dramatic event. The risk also
increases when your neighboring countries are war-prone or undemocratic. It is
clear that such cross-country analysis has the advantage of statistically general-
izing some systematic associations between some country characteristics and the
risk of conflict. The downside of this approach is the - not always recognized -
difficulty to draw causal inferences. For example, it is difficult to know whether
income per capita may not be a result of conflict rather than a consequence. In-
come per capita may also be endogenous due to an unobserved variable such as
the quality of institutions as pointed at the local level in chapter 2. We should
stress that the interpretation given to such a variable may highly differ from one
paper (Collier and Hoeffler, 2004) to another (Fearon and Latin, 2003).4

In my view, household or local data provide a complementary and valuable
alternative by testing hypothesis at a level of analysis much closer to decision-
makers. In reaction to the limits of cross-country analysis, local or household data
have recently been exploited to better identify the causes of conflict (Blattman and
Miguel, 2010). However, similar to cross-country analysis, the use of regional
data does not immunize the researcher against dealing with the endogeneity of
the variables of interest. The above analysis does not deal with such an issue.

3However, a recent paper (Brunnschweiler and Bulte, 2009) points to the endogenous nature
of the natural resources dependency and dealing with such an endogeneity problem, rejects the
dependence on natural resources as a major cause of conflict (the onset, not the duration).

4Improvements have been achieved in dealing with the endogenous nature of income per capita
since the highly criticized cross-country analysis of Collier and Hoeffler (1998, 2004). By the use
of instrumental variables related to rainfall shocks, Miguel et al. (2004) found a more convincing
negative causal relationship between income per capita and conflict. However, a recent paper by
Djankov and Reynal-Querol (2010) suggests that the question is not yet settled.
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In that respect, Dube and Vargas (2007) and Nillesen and Verwimp (2009) deal
with the endogeneity of income per capita with the use of instrumental variables
(e.g. price shock in international commodity markets). Angrist and Kugler (2008)
exploit a quasi-experiment (external upsurge in coca price) to investigate the rent-
seeking behavior of Colombian guerilla groups.

However, the literature on the causes of conflict has made less progress regard-
ing a lively debate in the economics of conflict, i.e. the role of income inequality.
To say the least, cross-country analyses have provided mixed results on the role
of inequality. Collier and Hoeffler (2004) and Fearon and Latin (2003) found that
income inequality, measured by a Gini coefficient, does not systematically affect
the risk of conflict in a cross-country analysis. Collier (2000, 10) consequently
concludes that “inequality does not seem to be the rage of the poor”. This re-
sult has been much debated by authors such as Auvinen and Nafziger (1999) or
Stewart (2000) who find a positive relationship between income inequality and
the occurrence of civil war. Based on panel data, Auvinen and Nafziger (1999)
challenge Collier and Hoeffler (1998)’s results by using an expanded and quali-
tatively improved data set for the Gini coefficient and alternative identification of
the dependent variable. These authors find an increasing effect of both declines
in real GDP and income inequality on the occurrence and magnitude of human-
itarian emergencies. Although these last cross-country studies provide the huge
advantage of generalization, an analysis based on a local level is more likely to
capture some causal factors leading to conflict. Stewart (2000) follows this path
by studying the role of inequality within Uganda. However, comparison is diffi-
cult as she did not seem to test econometrically the significance of her estimates
of horizontal inequalities. Based on micro-level data, very few papers have been
able to shed a new light on the issue. As far as I know, only Barron et al. (2009)
and Macours (2006) deal with the role of inequality using micro-level data. In the
former, higher inequality is found to be associated with fiercer local conflict in In-
donesian districts while this association is not statistically different from zero for
the later using Nepalese districts. However, to the best of our knowledge, none of
these micro-level analysis deals with the endogenous nature of income inequality.

Our contribution in chapter 2 is therefore to explore with local data how in-
equality could motivate people to rebel, or to support a rebellion by studying its
role in South Mexico and by dealing with the problem of endogeneity. To that
end, I exploit the theoretical predictions of a rational-choice model (i.e. a se-
quential game) to assess how income inequality measured at the municipal level
was significant in motivating people to support the rebellion in South Mexico. In-
come inequality at this geographical level increases the probability to support the
rebellion. Therefore, cautiousness is required in the interpretation of the results
obtained by some (myopic) cross-country analyses that conclude that inequality
does not play any role in motivating people to enter into armed conflicts. The lit-
erature has had huge implications on the way institutions such as the World Bank
assess the risk of conflict and elaborate policies for conflict prevention and reso-
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lution. Chapter 2 suggests, at least, that a one-fits-all approach to conflict could
neglect economic inequality as an important factor. Contrary to Collier (2000)’s
policy recommendations, reducing inequalities could well be effective in some
cases to promote civil peace, basic condition for sustainable development. When
estimated alone, income per capita decreases the risk of conflict. However, con-
trolling for the opportunity cost, the opposite is found : income per capita in-
creases the incentives of the rebel leader to organize an uprising. Such a result is
consistent with the theoretical prediction of a looting effect. And, it does not con-
tradict the general consensus obtained by cross-country analyses following which
conflict is more likely in poor countries. However, it does suggest that the way
growth is spatially distributed within countries under risk of conflict, does matter
to prevent new deadly confrontations.

1.3.2 On the issue of forced migration
While a relative consensus has been reached on the consequences of conflict but
not on the causes, the reverse contrast can be made for research on forced mi-
gration. According to Turton (2006), forced migrants include refugees who by
definition (Geneva 51 Convention) have left their own countries because of (fear
of) prosecution or violence ; internally displaced people (IDP) who were uprooted
from their homeland for similar reasons but were still residing in their home coun-
tries ; and development-induced displaced people who have leave their home be-
cause of property expropriation (e.g. following infrastructure projects, etc). Tur-
ton (2006) also added to this list any person forced to leave one’s home due to
an external shock or in economic term, an externality such as natural disasters,
epidemics, etc. On the causes of forced migration, there is little doubt that the
bulk of forced migrants is composed of refugees and internally displaced people
fleeing persecution and war (Azam and Hoeffler, 2002; Hatton and Williamson,
2003).

Increasing awareness and scientific evidence on climate change have also lead
scholars to include environmental migrants as forced migrants. 5 However, it re-
mains to be shown that the link between climate change and migration has some
empirical grounds. Early works by El-Hinnawi (1985, 4) have first advanced the
figure of 15 million people annually that had to move as a result of floods during
the seventies. Following the revision to 10 millions given by Jacobson (1988),
Myers (1996) increased the number of environmental refugees to 25 millions for
the sole year of 1995, of which 18 millions would originate from Africa. These
authors also predict increasing risk in the future. A sea level rise of one meter
would produce between 50 million (Jacobson, 1988) to 200 million environmen-
tal refugees (Myers, 1996). We see two problems with these approximations.

5Some of these scholars (Black (2001), Kibreab (1997), McGregor (1993) or Suhrke (1994))
have also discussed granting the refugee status to environmentally displaced people. Discussing
this legal issue is naturally outside the scope of this dissertation.
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First, they are only based on the approximated number of people that would be
at risk of climate change consequences such as flooding or other natural disaster.
However, climate change is much more complex than the occurrence of natural
disasters. In addition to flooding, climate change induces much broader phenom-
ena, including the change in the levels and the variability of precipitations and av-
erage temperature as well as the increased occurrence of extreme weather events
(Boko et al., 2007). Furthermore, such analyses remain obscure about some of
the assumptions needed to come up with such figures and does not allow for any
type of country-specific adjustment. Despite the very comprehensive overview of
the IPCC (Intergovernmental Panel on Climate Change) fourth report, the lack of
robust evidence regarding the relationship between migration and climate change
is unfortunate (Boko et al., 2007, 450).

Our knowledge of the effect of climate change on migration is indeed sur-
prisingly limited, especially for a topic, which is very much at the heart of inter-
national debate. It is therefore the purpose of chapter 3 to provide a theoretical
and empirical analysis of the impact of climate change on migration. Using an-
nual data on rainfall and temperature from 43 countries from Sub-Saharan Africa
between 1960 and 2000, we find that climate change has significantly affected
international migration in this region of the world. Other results corroborate our
theoretical predictions regarding the presence of a direct (possibly through nega-
tive externalities) and indirect effects (through the economic incentives to move
to another country) of climate change on migration. Consistently with the model
and common sense, such effect appears for countries depending heavily on agri-
cultural production. The theoretical framework has also helped us to understand
the peculiar role of urbanization, as a mitigation force of the effect of climate
change on cross-country migration. Although our estimation faces limitations
due to the nature of the available data (e.g. the use of net migration as a depen-
dent variable), the number of environmental migrants appears to remain a limited
phenomenon between 1960 and 2000 (2.5 million or on average, 64,000 environ-
mental migrants a year). That being said, the phenomenon is likely to magnify in
the coming decades. Based upon the empirical analysis, we undertake a tentative
estimate of the predicted number of environmental refugees in Africa between
2000 and 2099. Using the IPCC regional projections of rainfall and temperature
changes by 2099, projected climate change should lead on average to an addi-
tional annual displacement of about 1.3 million people, representing about 0.26%
of the Sub-Saharan African population. We also map these predicted changes by
country, which allows us to point to an expected centripetal pattern of migratory
flows due to climate change in Sub-Saharan countries. While chapter 3 is mainly
an assessment exercise, such results warn us against possible consequences in
terms of health and security that such population movements could have on their
hosting nations. If environmental migration becomes a source of concerns for the
international community, chapter 3 also suggests that strengthening the buffering
role of urban centers may constitute a policy option. In that respect, reducing con-
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gestion costs and improving transport infrastructure may enhance the absorption
capacity of agglomeration centers.

The debate on the economics of forced migration appears to be much more
controversial with regards to the consequences of the phenomenon. The impact
of refugee inflows on receiving economies does not seem to have attracted very
much research interest. As far as we know, Chambers (1986) in an article entitled
“Hidden Losers? The impact of rural refugees and refugee programs on poorer
hosts” is the first who has paid attention to this issue. Based on scattered evidence
and rural experiences, this author argues that the presence of a refugee camp has
mixed consequences for the host population through an increase in price, wage
competition and competition for natural resources. The better-off and more visi-
ble hosts would be more likely to gain from the presence of refugees and refugee
programs while by contrast, poor hosts could loose from competition for food,
work, wages, services and common property resources. He points to these vul-
nerable hosts as the hidden losers. Since then, authors such as Kuhlman (2002),
Landau (2004), Whitaker (1999) and several papers from the UNHCR’s Eval-
uation and Policy Analysis Unit have provided some evidence of this unequal
impact. Unfortunately, the state of knowledge is not much more advanced than
the “scattered evidence” on which Chambers (1986) bases his analysis. As sum-
marized by Whitaker (1999, 2), “refugees are assumed to have a different impact
on diverse classes, genders, sectors and regions within the host country, but little
empirical evidence has been done on this issue.”6

As argued by Turton (2006), despite the different nature (exogenous) in the
causes of the move, there is no reason to believe that the consequences of forced
migration should be described by very different mechanisms compared to un-
forced migration. Human suffering (health, insecurity, past trauma, etc) should
naturally not be neglected in helping refugees to recover after such dramatic
events such as warfare or genocide experiences. However, economic functions en-
dorsed by politically-motivated refugees should not greatly differ from economic
migrants. From an econometric point of view, studying the impact of refugees has
the methodological advantage to reduce the bias that can be generated from the
selection of the most attractive places by economic migrants. Endogeneity could
indeed arise with economic migrants due to the association between the presence
of migrants and unobserved favorable conditions of the most attractive places
for migrants. Similarly, when assessing the impact on the labor markets, mi-
grants may have for example some characteristics, such as some particular skills.
Politically-motivated refugees ease the work of the researcher as to some extent,
there is a skill homogenization of refugees when they arrive in the country of des-

6Chapter 4 also discusses our results with respect to two other related papers. Based on two
different sets of data, Alix-Garcia and Saah (2010) assess the impact of the proximity to a refugee
camp through changes in agricultural prices between 1995 and 1998 as well as on the holding
of assets. Baez (2007) also assesses the short and long run effects of hosting refugees on health
conditions of children.
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tination. In other words, even if refugees had a priori different characteristics, the
overwhelming majority of them have no choice but to work in the least skilled seg-
ment of the destination labor markets. In the region of Kagera, very few refugees
were able to find a job outside agriculture. Given the similarity with economic
migrants, labor economics is a valuable source of inspiration. Labor economists
have a long tradition in seeking to assess the impact of migrants on their receiving
countries. That does not mean that there is a large consensus among scientists but
the state of the art has certainly reached an advanced degree of maturity. Authors
such as Borjas (2005), Card (2001) and Hanson (2008) provide conflicting evi-
dence on the emigration of natives in response to high influx of immigrants. And
lastly, several instances of a large inflow of people caused by political factors pro-
vide a natural experiment. This is the case for Card (1990) on the Mariel Boatlift
of Cubans to Miami, Hunt (1992) for the repatriation of Algerians from European
origin to France in 1962 and Friedberg (2001) on the arrival of Jewish Russians
to Israel. What these studies have in common is that they detect few effects on
the wages and the employment of the native population.

The contribution of chapter 4 is then twofold. First, we improve our under-
standing of the impact of complex emergency such as massive refugee move-
ments on the welfare of the hosting population. Contrary to common wisdom
and despite the reported negative externalities (environmental degradation, secu-
rity problems, etc), we found that massive refugee inflows in Tanzania had on
aggregate a positive effect on the welfare of the hosting population. Consistently
with our theoretical predictions, net gains are unevenly distributed. Agricultural
workers, expected to be relatively substitutable with refugees, experienced wel-
fare deterioration due to fiercer competition on the agricultural labor markets. On
the contrary, households mainly involved in self-employed agricultural activities
benefited from this cheap labor force. On the policy side, programs (e.g. ed-
ucation, microfinance, etc) could target those agricultural workers to help them
to cope with such a shock. Furthermore, our empirical analysis supports the hy-
pothesized non-monotonic relationship according to which negative externalities
(environmental degradation, security issues, disease spread, etc) would overcome
the economic benefits in villages very close to refugee camps. Nevertheless, we
found an unexpected scale effect whose understanding would deserve further in-
vestigation. Understanding the nature of these findings could lead to a radical
change of paradigm regarding the impact of refugees on the local population.
Along with minimizing the negative externalities, improving the capabilities of
the local people to cope with such a structural change and eventually, integrat-
ing progressively these refugees into the local economy, the presence of refugees
could actually constitute a unique asset (rather than a burden) to break down un-
derdevelopment traps.

Second, the results on the distribution of the welfare net gains may contribute
to our understanding of the impact of unforced economic migrants on the re-
ceiving economies. In particular, the distributional effects are likely to be very
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similar for both types of migrants. The way we model the impact of refugees as
an increase in the number of the least skilled workers in the receiving economy, is
likely to be equally relevant for unskilled migrants. However, the external validity
of our results with respect to unforced migration also faces some limits. It seems
difficult to generalize our results regarding the average or aggregate effect. On
the one hand, refugees differ in their lower expected impact on public finances
compared to economic migrants that could affect both social security and pen-
sion systems (Razin and Sadka, 1999). On the other hand, refugee inflows go
along with a large spectrum of free-delivered services by NGOs and international
organizations to the local population. Such a conclusion on external validity is
far from definitive. Further analyses would be welcomed to better understand
how much forced and unforced migration may differ in their impact on the host-
ing population. I hope chapter 4 will pave the way for a more comprehensive
research agenda on the subject.
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Chapter 2

Does inequality make us rebel?
A microeconomic approach applied
to South Mexico

Abstract. Since Collier and Hoeffler (1998,2004), it has been supported that inequality,
measured at national level, does not affect the risk of conflict. Such a result has been much
debated in the literature. Based on a revisited theoretical framework, the purpose of the
chapter is to explore the role of inequality in localized conflicts. We argue that previous
findings might be biased by the myopic nature of cross-country analysis. Consistently
with the model, Probit estimations indicate that income inequality measured at municipal
level was significant in motivating people to support the rebellion in South Mexico. At
this geographical level, we also find an increase in income per capita could exacerbate
the risk of conflict in a situation where the rebel leader would have greater incentives to
loot the local production compared to the opportunity cost associated with fighting for the
peasant.
Keywords: Rebellion, Inequality, Income, Mexico
JEL Classification: O18, O54, C35
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2.1 Introduction
It is commonly argued that increasing inequality leads to conflict or revolution.
This argument has been deepened by Gurr (1970) who supports that collective vi-
olence was driven by relative deprivation, defined as the difference between what
a social group believes it deserves and what it really gets to live. Even Sen (1997,
1) suggests that “the relation between inequality and rebellion is indeed a close
one, and its runs both ways. That a perceived sense of inequity is a common in-
gredient of rebellion in societies is clear enough”. However, this relation seems to
be nothing more than an assertion. Russett (1964) and Muller (1985) already un-
derlined how this argument clearly lacks empirical support. Collier and Hoeffler
(1998) have seminally renewed the empirical analysis on the causes of conflict.
Extending their first analysis, Collier and Hoeffler (2004) found that measures of
social grievances such as income inequality do not systematically affect the risk of
conflict. By sharp contrast, measures of greed such as economic decline are found
to be significant. Collier (2000, 10) concludes that “inequality does not seem to
affect the risk of conflict. Rebellion does not seem to be the rage of the poor”. This
result has been much debated by authors such as Auvinen and Nafziger (1999) or
Stewart (2000) who find a positive relationship between income inequality and
the occurrence of civil war. Based on panel data analysis, Auvinen and Nafziger
(1999) challenge Collier and Hoeffler (1998)’s results by using an expanded and
qualitatively improved data set for the Gini coefficient and alternative identifica-
tion of the dependent variable. These authors find an increasing effect of both
decline in real GDP and income inequality on the occurrence and magnitude of
humanitarian emergencies. Although these last cross-country studies provide the
huge advantage of generalization, an analysis based on a local level is more likely
to capture some causal factors leading to conflict. Stewart (2000) follows this
path by studying the role of inequality within Uganda. However, comparison is
difficult as she did not seem to test econometrically the significance of her esti-
mates of horizontal inequalities. The purpose of this chapter is then to explore
how inequality could motivate people to rebel or at least, to support a rebellion by
studying its role in South Mexico.

The chapter argues that finding mixed evidence regarding the role of inequal-
ity in conflict is not highly surprising. On the one hand, internal conflict has
become the dominant form of conflict since the late 1950’s (Gleditsch et al.,
2002). However, cross-country studies overlook local factors, which are likely
to be determinant in explaining localized or intra-national insurrections. For in-
stance, we can doubt that the decision to support the rebellion in South Mexico
will be as much influenced by the difference of welfare with someone living far
in the North compared with someone being located in the closed neighborhood.
Standard cross-country studies are too myopic to explore how local perceptions
of inequality might affect the probability to support a rebellion. 1 Furthermore,

1Buhaug and Lujala (2005) and Buhaug and Rod (2006) also consider using country-level
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beyond the issue of inequality, cross-country analyses face important caveats in
identifying causal relationships and in proxying for grievance-related factors with
the means of heterogenous data across countries. In that respect, working with
sub-national units (or even better with household data) should be a more promis-
ing direction for empirical research (Blattman and Miguel, 2010). On the other
hand, Lichbach (1989, 449) criticizes the fact that “to most statistical modelers,
“theory” is nothing more than a set of weakly linked empirical generalizations,
or behavioral or regression equations, justified by an informal and ad hoc discus-
sion of the expected signs of the variables. Researchers then threw these variables
[control variables], along with economic inequality, into the empirical soup (e.g.,
regression equations) to see what came out. In this manner, the statistical model-
ers summed up all the existing problems in the field without solving any of them”.
Since then, theoretical models have been developed. However, despite some dis-
tant reference to them, empirical results are still hardly shown to be consistent
with the theoretical framework underlying their work. Furthermore, the existing
models seem more relevant in explaining state-wide civil war.

After describing local conflicts in South Mexico, section 2.3 proposes a revis-
ited theoretical model, more adequate to study the causes of localized conflicts.
We emphasize the need to approach both relative and absolute deprivations in a
common framework. It also provides a possible reconciliation between an eco-
nomic approach emphasizing the opportunity cost of joining a rebellion and a
view more often encountered in political sciences for which larger resources in-
crease the potential payoffs for the warring parties. The empirical implication
is that ignoring one dimension could bias the estimate of the other. Also deal-
ing with other sources of endogeneity, section 2.4 empirically tests how income
inequality and income per capita could motivate people to rebel or at least, to sup-
port the rebellion by studying its role in South Mexico. Our results are consistent
with the main predictions of the theoretical model. To check the robustness of our
analysis, other factors of conflict are also tested. Of particular interest is the role
of ethnic distinction in motivating people to fight.

2.2 Conflicts in South Mexico

On January 1, 1994, Chiapas attracted international attention when the Ejerci-
cío Zapatista de Liberación Nacional (EZLN) chose the date of the launch of
the North American Free Trade Agreement (NAFTA) to occupy seven cities in
this Mexican State. A ten-day confrontation occurred between the small group
of rebels and the Mexican army, resulting in more than one hundred Zapatistas

approximations of local phenomena is potentially flawed. Using GIS data, their disaggregated
approach allows them to better test the role of geographical factors in conflict. Unfortunately,
they do not have good indicators of wealth or social and economic inequalities for their spatio-
temporal domain.
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dead. However, this apparently short length of 10 days should not underestimate
the conflict. Violence existed long before this event and went on even after the
peak of the conflict in 1994. Particularly, the low-intensity but highly effective
warfare conducted against the Zapatistas makes less clear the conventional dis-
tinction between peace and war times. Casanova (1996, 281) indicates that “from
1974 to 1987, 982 leaders were assassinated; 1,084 peasants arrested without le-
gal cause; 379 seriously wounded; 505 kidnapped or tortured; 334 disappeared;
38 women raped, . . . ”. After 1994, the violence continued. In 1995, President
Zedillo ordered a new military offensive in order to arrest the alleged EZLN lead-
ers. The offensive failed but was the source of a new wave of violence and forced
displacement against indigenous people. In 1997, 45 Zapatistas were massacred
in Acteal by paramilitaries. In Guerrero and Oaxaca, another rebel movement, the
Ejercicío Popular Revolucionarío (EPR), was mainly active. The EPR emerged
on 28 June 1996 during a fire fight near the Guerrero capital and as a reaction
to the assassination by a group of state police of members of a militant peasant
organization one year before (Foley, 1999). Consequently, 44 attacks were perpe-
trated by the EPR between 1996 and 1998, mainly in the states of Guerrero and
Oaxaca.

Local conflicts cannot be understood without considering the historical and
national context. Although our empirical strategy will mainly exploit cross-
sectional differences for data availability reasons, important changes in the Mex-
ican society prior to the nineties is argued to have made the uprising possible.
First, the costs inherent to the organization of a rebellion have seemingly de-
creased in the eighties. Following the work of consciousness-raising, exercised
locally by external actors such as Marxist activists, liberalization theologians and
the Bishop Samuel Ruiz Garcia, a common identity among the Indian groups
such as the Tzetzales, the Tzotziles and the Tojobales has emerged (Favre, 2002;
Speed, 2002). Such a re-definition of identity among Indians in South Mexico
could have been a necessary condition for reducing the coordination costs asso-
ciated with the uprising. Due to collective action problems (Collier, 1998), rebel
leaders in conflict theory need to internalize the level of trust to be found within
ethnic groups. Nevertheless, an excessive diversity does not allow the leader to
obtain enough support. South Mexico illustrates pretty well the trade-off between
the number of possible supporters and the resolution by the leader of collective
action problems with the means of group mobilization along ethnic lines. For
long, high ethnic diversity within South Mexico explains why social movements
faced great difficulties to stabilize their membership. From the 1970s to the mid-
1980s, many social organizations emerged, under the impulsion of the Bishop
Samuel Ruiz García. These organizations had the common characteristics to be
very locally based and to compete with each other (Favre, 2002). They were so
numerous that Indians and peasants could join a formation with the expectation
of quasi-immediate benefits and join another, otherwise. The only way to stabi-
lize membership in such circumstances was to offer benefits from funds of public
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policies but with the obvious risk of becoming a political weapon of the dominant
party, the Partido Revolucionarío Institucional (PRI). 2 Consequently, no armed
forces could have been organized due to collective action problems. In addition
to assessing the plausibility of this explanation in the empirical analysis, coordi-
nation costs will play an important role in determining the equilibrium level of
insurgents in the theoretical framework.

Second, Mexico has experienced a large process of democratization and open-
ness towards the rest of the world from the mid-eighties. Such processes have
paradoxically increased the “political” cost of the deterrence actions implemented
by the Mexican government, in favor of softer means of counterinsurgency. De-
spite the clear military advantages of the Mexican government on the rebel armed
forces, the increased openness of the Mexican society makes increasingly diffi-
cult for the rulers to ‘nip the uprising in the bud’. As pointed by Inclán (2008,
1329), “the poorly armed EZLN forces were incapable of fighting back, yet the
Mexican government could not eliminate the insurgency against the strong pres-
sure of national and international public opinion”. 3 In a much more detailed
description of the conflict in Chiapas, Inclán (2009b, 91) argues how the open-
ness of the political system and the “consequent pressure created by national and
international public opinion forced the federal government for the first time to
negotiate with a rebel group”. Despite an increased military presence, such a
pressure “on the Mexican state raised the cost of repression” (Inclán, 2009b, 92).
The deterrence action also seems to have become less effective following the per-
sonalization of the Zapatista conflict at the international stage through the role of
the sub-comandante Marcos. The rebel leader has indeed made use of exceptional
communication skills to present to the outside world the local conflict as a strug-
gle for a more egalitarian system at the world level and hence, to get international
support. 4 With the exception of the ethnic dimension, no proxy for the politi-

2Although she also points to the fractionalization of the pre-existing social organizations in
Chiapas, Inclán (2008, 1331) also argues that these pre-existing organizations constituted an asset
by “using their already-developed organizational skills and networks among communities”.

3This argument is consistent with the empirical findings following which democracy has a non-
monotonic effect on the risk of conflict (Reynal-Querol, 2002). There is indeed a wide consensus
in the literature that midlevel democracies are more prone to civil war than high-level democracies
or high-level autocracies. However, in the case of Chiapas, such a consensus is qualified by
Inclán (2008, 2009b) findings. At the local level, protests decreased following openness of the
political system, as in the short run, it gives an incentive to pro-Zapatista sympathizers to target
the remaining closed environments with protest activity.

4The reply the leader gave to some pro-government rumors on his past is illustrative on the
ability of the leader to echo the local rebellion demands towards the rest of the world : “Marcos
is gay in San Francisco, black in South Africa, an Asian in Europe, a Chicano in San Ysidro, an
anarchist in Spain, a Palestinian in Israel, a Mayan Indian in the streets of San Cristobal, a gang
member in Neza, a rocker in the National University, a Jew in Germany, an ombudsman in the
Defense Ministry, a communist in the post-Cold War era, an artist without gallery or portfolio....
A pacifist in Bosnia, a housewife alone on Saturday night in any neighborhood in any city in
Mexico, a striker in the CTM, a reporter writing filler stories for the back pages, a single woman
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cal dimension or the rebel efficiency will be introduced in the empirical analysis,
either because of data unavailability for the former (justifying the need to deal
with endogeneity issue) or because of lack of observed heterogeneity across our
units of analysis (municipalities) for the later. 5 However, these historical com-
ponents will be incorporated in the theoretical model that seeks to describe local
conflicts in South Mexico as resulting from interactions between the government ,
the rebel leader, the peasants and the landlords. In such a model, the coordination
costs (possibly related to the ethnic dimension), the cost of deterrence action that
is argued above to have sharply increased in the two decades before the uprising
in South Mexico and the relative efficiency of the rebel leader, in particular the
sub-comandante Marcos, will play an important role in explaining why rebellions
have become feasible in the nineties. Our empirical analysis will then assess why
given these historical conditions, some municipalities (with e.g. different levels of
wealth or inequality) will be more prone to rebel movements, compared to others.

In particular, South Mexico is an interesting case for studying the role of in-
equality in conflict. Inequality appears to be the usual suspect but not necessarily,
for the right reasons. Due to the symbolic synchronization with the launch of the
NAFTA, many authors and leaders of the rebellion themselves have argued that
the conflict in Chiapas was not just about this state but also against the whole
neoliberal project, source of inequalities. Since Benjamin (1989) and his book “A
Rich Land, a Poor People”, inequality between Chiapas and the rest of Mexico
and a subsequent feeling of injustice have often been pointed out as a source of
social discontent and rebellion (Morton, 2002). The same argument has been ad-
vanced as far as Guerrero and Oaxaca are concerned. The contrast between high-
value natural resources and poverty is unfortunately right. However, the short cut
rich land-poor people as a source of conflict seems pretty weak. First, state in-
equalities in Mexico have historically been very high. GDP per capita in Chiapas,
Guerrero and Oaxaca were at least three times lower than the richest states, Mex-
ico City and Nuevo Leon in 1970. After 30 years, this ratio has even doubled
in 2000. The gap between some Southern states and the rest of the country has

on the subway at 10 pm, a peasant without land, an unemployed worker... an unhappy student,
a dissident amid free market economics, a writer without books or readers, and, of course, a
Zapatista in the mountains of southeast Mexico. So Marcos is a human being, any human being,
in this world. Marcos is all the exploited, marginalized and oppressed minorities, resisting and
saying, ’Enough’!” (Marcos, 2002).

5Data on the openness of the political system, among other caracteristics, have been collected
for Chiapas between 1994 ad 2003 by Inclán (2008, 2009b,a). In addition to a difference of
research question, Inclán (2009b) assesses how the Zapatista cycle protests, have reacted to po-
litical factors such as electoral openings (whether the PRI party was in power), the presence of a
potential ally (based on non-winning votes for the PRD party), the Mexican state’s capacity for
repression (based on military positions and checkpoints) and the internationalization of the move-
ment (based on opinion articles on the movement reported in The New York Times and El Pais),
after the conflict onset. Our purpose differs in the sense that we seek to assess how municipality
characteristics defined in 1990 could explain the support to the rebellion in 1994. We are more
concerned about explaining the onset, than explaining the evolution of the events after 1994.



2.3. THE MODEL 25

clearly widened since the mid-1980s, beginning of the entry into GATT, not only
in terms of income per capita but also in terms of education achievement, life ex-
pectancy, etc (Cikurel, 2002). However, this relative correlation is not a guarantee
of causal inference. The observed correlation does not explain why conflict oc-
curs there and not in other poor states such as Tlaxcala, Veracruz-Llave, Tabasco,
Michoacan or Puebla. Second, it does not really explain why people decided to
enter into conflict. As explained in section 2.4.4, Chiapas and Guerrero are far too
heterogeneous to form one group in itself and overcome collective action prob-
lems. It is of utmost importance to understand individual motivations and explore
the role of inequality at a more disaggregated level.

With a view to such understanding, our theoretical model describes most in-
teractions between the main agents of the conflict. For instance, the Mexican
authorities are reported to have strongly defended the interests of the agricultural
landlords, the so-called ladinos (the Spanish-origin élite) while the main source
of recruitment for the rebellion has been the peasants (Harvey, 1998). However,
Mexican authorities have also financed social projects with the aim to soften po-
tential tensions and given the increased cost of the deterrence action. Finally,
redistribution plays a key role in the theoretical model. Rebels leaders in South
Mexico have indeed often justified their struggle on the basis of an unequal dis-
tribution of wealth between peasants and landlords, which will be at the core of
both our theoretical and empirical analysis.

2.3 The model

Most empirical works on the subject usually make some distant reference to the
standard models in the economics of conflict such as Grossman (1991), Hirsh-
leifer (2001) or Skaperdas (1992). However, consistency of the empirical results
with theoretical foundations are rarely verified. For example, based on Gross-
man (1999), Collier and Hoeffler (2004) found that income per capita, assumed
to be a proxy for greed, explains better the risk of conflict than income inequal-
ity which is assumed to be a proxy for grievance. However, the same Grossman
(1999) showed theoretically that the probability of conflict would only depend
on the realization of a random variable reflecting the relative effectiveness of the
rebels compared to the army soldiers. Consistency with the theory would have
implied that income per capita should be insignificant. Furthermore, the superi-
ority of the greed variable on the grievance variable results from the comparison
of two models, as the income per capita and income inequality are estimated in
distinct regressions. Given the fact that one variable could impact on the other,
it raises some obvious problems of potential endogeneity. At least, we need a
theoretical model that would explicitly distinguish the effects of absolute wealth
and inequality.

The model is inspired by Grossman (1999) and has a similar general equilib-
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rium flavor. However, three major changes seek to make it more applicable to
localized conflicts. First, the army recruitment is not done within the conflicting
area. Being a soldier is not one of the choices of the peasant. On the contrary,
Grossman (1999) allows the peasant to be a soldier and a rebel at the same time.
Since the recruitment is then done uniquely within the conflicting area, the cost
or return of recruiting an additional rebel is then always equal to the cost or re-
turn of recruiting an additional soldier. This simplifies the computation but also
cancels out some interesting effects. Departing from this assumption will allow
the level of wealth to have a differentiated effect on the level of deterrence and
on the potential rebel forces. A second major difference refers to the behavior
of the rebel leader. The leader is recognized as an entrepreneur but, contrary to
Grossman (1999), he is not benevolent in the sense he does not necessarily max-
imize the welfare of his supporters. This view is at the core of many political
economic analysis of conflict where the economic agenda of the rebel leader has
often overcome political motivates. War is, above all, an instrument to achieve
other means but is not an end in itself. Many rebel leaders have accumulated a
massive amount of resources in wartimes. An obvious candidate for looting is
the appropriation of natural resources such as diamonds in e.g. Angola, Congo
and Liberia (Olsson, 2007) or Sierra Leone (Richards, 1996). The modeling im-
plication is that the rebel leader will simply maximize the rent he can capture in
wartimes. Similar to Grossman (1999), the rebel leader is able to exclude non-
participants from benefiting from its fighting loot but his objective is to maximize
its expected net income, not necessarily the one of his supporters. Another im-
plication is that the rebel leader does not need a final victory against the ruler to
receive a positive payoff from warfare. This conforms with the general observa-
tion that parties engaged in conflict may benefit from persistent warfare. Contrary
to the conventional wisdom of two parties fighting to win against each other, war
has paradoxically lead to some kind of cooperation between the parties. War
could persist under equilibrium, the two fighting parties actually colluding at the
expense of the most vulnerable citizens. We will be mostly interested in these
situations where no side is able to completely eradicate the other one. Finally,
we introduce distributional considerations, by allowing the government to give a
financial incentive to the potential fighter to work rather than fight. Such possibil-
ity to pay for peace is consistent with the theoretical models of Azam (1995) and
Azam and Mesnard (2003). According to these authors, the government does not
only use the military forces to deter conflict but could actually combine it with a
distributive policy in favor of their opponents. Two related papers also introduce
this redistributive dimension but still differ from our model. Contrary to Noh
(2002), we model the transfer from the ruler to the peasant and not directly to the
rebel leader. In Grossman (1995), the rebel leader decision is disregarded as the
peasant is the one who attempts to appropriate the income of the property owners.
Therefore, we restrict the peace-enhancing role of redistribution as fostering local
production also increases the potential loot of the rebel leader.
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Figure 2.1: Sequence of decisions

The model identifies three decision-making agents : a representative peasant,
a unique rebel leader and a government. The model assigns particular objectives
to these agents, the strategies available to them and their constraints. As shown in
Figure 2.1, these agents make their decisions sequentially. 6 The government will
first decide the level of deterrence, the level of tax and the labour subsidy in order
to maximize the net income of its clientele, formed of absentee landlords. Then,
the rebel leader will decide to recruit or not some rebels. Finally, the peasant will
decide how to allocate his time.

2.3.1 The peasant decision

Like in Grossman (1999), the representative peasant seeks to maximize his util-
ity under a budget constraint. He allocates his endowment of time, normalized
to 1, between producing for the market, supporting the rebellion, and spending
some home time. We assume that there exists a sharecropping contract between
the peasant and the landowner, so that a share β is transfered to the landlord in
exchange of the use of land. 7 The production function adopted by the peas-
ant is a standard decreasing returns to scale function with only one factor: Lα.
0 < α < 1 indicates a decreasing efficiency of labor. The support to the rebellion
does not necessarily need to be fighting but could be spending time participating
to meetings and protestations, spreading the propaganda, etc. Home time can be

6The sequence of the game is not neutral. We show in appendix that making the government
act after the rebel leader does not alter the main predictions of the model used in the empirical
analysis. However, in that case, the government can never deter the rebellion and will never make
use of the subsidy as a deterrence device. Given our empirical analysis based on the comparison of
municipalities experiencing rebel movements and peaceful others, a sequence offering both types
of outcomes seems to be a more promising description of the conflict at stake.

7The sharing parameter, β, is exogenously given. On the one hand, endogenizing the share
would add unnecessary complications for the purpose of providing testable predictions. On the
other hand, considering that β is historically given is consistent with the high persistency observed
in many developing countries, with value of the share centering on 0.5, the Nash bargaining equi-
librium (Bell and Zusman, 1976). Such a stable sharecropping contract makes no exception in
Mexico (Finkler, 1978; Colin, 2004). It is of course not the purpose of this chapter to explain the
stability of the sharing rule. We will simply discuss how our theoretical predictions might change
when β takes particular values.
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considered, like in Grossman (1999), as any production on which the ruler cannot
impose rents and/or taxation.

MaxL,I,H U(C,H) = C + γH

s.t. C ≤ (1 + s)(1− β)Lα + rI

L+ I +H = 1

L, I,H ≥ 0

γ > 0

L is the time allocated to market production ; I is the time allocated to sup-
porting the rebellion ; H is the time allocated to home activities ; r is the reward
provided for supporting the rebellion ; s gives the financial incentive (subsidy)
given by the government to work ; α is the elasticity of the marginal product of
time allocated to market production ; γ is the marginal return to time allocated
to home activities and β is the share of the production transfered to the landlord.
The peasant will maximize its expected utility with respect to L, I andH . He will
take the compensation offered by the rebel leader, the sharing rule and the subsidy
introduced by the government as given. Using the Kuhn-Tucker conditions, we
obtain the following first-order conditions:

L =

[
α

γ
(1− β)(1 + s)

] 1
1−α

r ≥ γ

H = 1− L− I (2.1)

The solution gives the equilibrium value of L in reaction to s. We assume the
non-negativity constraint for H is not binding. In other words, γ is large enough
for this constraint not to bind in equilibrium. When the rebellion reward is larger
or equal to γ, the marginal product of time allocated to home activities, the supply
of rebel forces will be perfectly elastic. In other words, as soon as the peasant has
determined his non-negative time allocated to market production, he is indifferent
between the rebellion and home activities provided the reward to the rebellion is
larger or equal to γ.

2.3.2 The rebel leader decision
There is only one rebel leader who has the necessary skills to motivate people
to rebel. However, these skills will not be enough to overcome collective action
problems. He has to face the costs in organizing the rebellion. These coordination
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costs increase with the number of fighters (protesters). Furthermore, the leader is
not benevolent regarding his supporters. He only maximizes his own net income
under a cost constraint. The rebel leader will capture a rent even when he has
not overthrown the central ruler. We follow the technology of revolution given
by Grossman (1999). In this setting, (1 − λ) captures the way the rebel leader
is able to loot the producer. His potential loot will be proportional to the support
he gets from peasants and to the efficiency of his looting technology. The leader
is constraint as he has to pay a compensation to the peasants sufficiently high to
make them allocate parts of their time to the rebellion. The problem of the rebel
leader is as follows:

MaxI (1− λ)βY − rI − cI

where λ =
1

1 + θI
D

(2.2)

Y represents the output produced locally and is equal to Lα ; c covers the coor-
dination costs faced by the rebel leader ; (1 − λ) is the potential ability of the
rebel leader to capture a rent, i.e. part of βY ; θ gives the efficiency of the rebels
relative to the deterrence forces. θ reflects factors such as the skills of the rebels
to coordinate the rebellion, the support from a foreign government or the military
advantage exogenously given by the nature of the battlefield. The rebel leader
maximizes his net income with respect to I , the number of fighters (supporters)
he will have to compensate. He will consider the reward, the variable cost of
coordinating the uprising, the technology of looting and the value of θ as given.
With respect to the reward, he can anticipate that he needs to provide a reward at
least as large as γ and he has no interest to actually pay more than γ. Introducing
(2.1) into (2.2), the following solution is obtained :

I(s,D) =

√
D

θ(c+ γ)
β

(
α

γ
(1− β)(1 + s)

) α
1−α

− D

θ
for D < D̂

I(s,D) = 0 for D ≥ D̂

D̂ =
θβ

c+ γ

[
α

γ
(1− β)(1 + s)

] α
1−α

=
θβY

c+ γ
(2.3)

The interior solution is found when D < D̂, i.e. the minimum level of mili-
tary action necessary to deter the potential revolutionary leader to coordinate an
uprising. It is an increasing function of θ and Y in the sense the more efficient
the insurgents are and the greater the potential loot is, the greater the deterrence
action should be to achieve the necessary condition to deter the uprising. The
inverse relationship is found with c. The greater the coordination costs are, the
lower the necessary deterrence should be to avoid war.
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2.3.3 The government decision
The objective of a government can be written in a general form as maximizing the
net income of both the landlords and the peasants, depending on the weights (µ
for the landlord) given to each agent. The government can seek to deter rebellion
either by using the carrot or the stick. For the former, the government has the
possibility to give the incentives to the peasants to work rather than fight by pro-
viding a subsidy, at the cost of taxing the landlords. For the later, the government
will decide which level of deterrence it will release at a variable cost φ.

MaxD,s,t µ(λ− t)βY + (1− µ)(1− β)(1 + s)

[
α

γ
(1− β)(1 + s)

] α
1−α

s.t. tβY ≥ sLα + φD

We assume in this section that µ = 1. As shown in the appendix, allowing
for µ < 1 does not alter the main results but makes less restrictive the param-
eters on α and β needed for the subsidy to be a valuable strategy to deter the
uprising. With µ = 1, the government is only concerned about the landlord, by
maximizing the net income of this agent. A specificity of this model is then that
the government can achieve this objective by paradoxically taxing its clientele.
Indeed, the government will use this tax revenue to pay for peace, that is to say, to
increase the incentives of the peasants to work rather than support the rebellion.
The ruling government takes the rebellion reward, the number of rebels and the
exogenous variable θ as given. The government also considers exogenously the
technology of production of the peasants. With µ = 1, the objective function of
the government can be simplified as follows :

MaxD,s,t (λ− t)βY
s.t. tβY ≥ sLα + φD

The first decision of the government is to determine the deterrence action, D.
The government will react proportionally to the resources of the landlords under
risk of looting. Taking into account the direct effect of D on λ and the indirect
effect of D on λ via I , the equilibrium level of deterrence action, when it is lower
than D̂, is as follows :

D =
γ + c

4θφ2
β

[
α

γ
(1− β)(1 + s)

] α
1−α

if 0 < D < D̂ (2.4)

Given (2.3) and (2.4), the level of support to the rebellion can be re-expressed.
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I(s) =

(
1− γ + c

2θφ

)
β

2θφ

[
α

γ
(1− β)(1 + s)

] α
1−α

when θ >
γ + c

2φ

I(s) = 0, otherwise (2.5)

The minimum level of military forces necessary to deter rebellion presented
in (2.3) is equivalent to the feasibility condition shown in (2.5). For the rebellion
to be feasible, the rebel leader should be sufficiently efficient to overcome the
coordination costs and the marginal benefit of home activities. This condition is
most easily met when the cost of deterrence is high. The government will also
decide the equilibrium level of subsidy to be given to the peasant. The government
is constrained in his objective as the subsidy will need to be financed by a tax on
the landlord’s rent.

s =
(c+ γ)αβ

4θφ
− (1− α) and s ≥ 0 if θ ≤ (c+ γ)αβ

4φ(1− α)

s ≥ 0 with I > 0 if α >
2

3

t =
γ + c

4θφ

[
1 + α− (1− α)4θφ

β(c+ γ)

]
and t ≥ 0 if θ ≤ (1 + α)β(c+ γ)

4φ(1− α)
(2.6)

As shown in Figure 2.2, the conditions under which the subsidy and the
tax are positive, are met under the feasibility condition provided the marginal
utility of labour is high enough (α > 2/3). Otherwise, using a subsidy is al-
ways a too costly strategy for the government. When θ belongs to the interval
[ (c+γ)αβ
4φ(1−α)

, (1+α)β(c+γ)
4φ(1−α)

[, the government will only use the deterrence action. For θ
above this interval, the government cannot resist anymore the uprising as it can
use neither the soft nor the hard deterrence strategies and keep non-negative lev-
els of rents for the landlord. This would be most likely to happen if the efficiency
of labour is low. In the empirical work, we exclude the two extreme cases, i.e.
the non-feasability of war and the “laissez-faire” option. In the appendix, it is
shown that similar theoretical predictions are found when α is too low to make
the subsidy an attractive strategy for the government to deter the rebellion.

Given (2.6), condition (2.5) can be re-written.

I∗ =

(
1− γ + c

2θφ

)
β

2θφ

[
α

γ
(1− β)

(
(γ + c)αβ

4θφ
+ α

)] α
1−α

when θ >
γ + c

2φ

I∗ = 0, otherwise (2.7)
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Figure 2.2: Range of parameters of interest

With a view to our empirical exercise, we can compute the ratio between the
share of production allocated to the landlord and to the peasant in order to capture
a degree of inequality. We also introduce a measure of absolute wealth per capita.
These variables are clearly endogenous. Condition (2.7) can be then expressed in
a more intuitive way.

I∗ =
Y ∗

L∗
β

(1− β)(1 + s∗)

(
1− γ + c

2θφ

)
(2.8)

α(1− β)

2θφ

[
1 +

(γ + c)β

4θφ

] [
α2

γ
(1− β)

(
1 +

(γ + c)β

4θφ

)] 1
1−α

when θ >
γ + c

2φ
and α >

2

3
∂I∗

∂ β
(1−β)(1+s∗)

> 0
∂I∗

∂ Y
∗

L∗

> 0 (2.9)

When the feasibility condition is met and if we restrict ourselves to the case
where t > 0, the equilibrium level of rebel forces is :

• increasing in β
(1−β)(1+s∗)

. More inequality should be associated with less
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support to the rebellion. Redistribution increases the opportunity cost asso-
ciated with joining a rebellion and hence reduces the risk of local conflict.

• increasing in Y ∗

L∗
. Contrary to common wisdom, when controlling for the

level of redistribution, an increase in income per capita could increase the
support to the rebellion. This results from the fact that the opportunity cost
effect being embodied in the redistribution term, the income per capita only
captures the looting effect. In other words, the larger the resources to loot
are, the easier the rebel leader can compensate the peasant for his support.

• decreasing in c and γ, under the weak condition that c ≥ 1
γ

. An increase in
the coordination costs of organizing the uprising or of the marginal utility of
informal activities would also decrease the equilibrium level of rebel forces.

2.4 Empirical analysis

2.4.1 Methodology and data
A Probit model is constructed to estimate the effects of the explanatory variables
on the probability of people to support or not the rebellion.

P (y = 1|x) = Φ(β0 +β1INEQUALITY +β3INCOME+β3ETHNICITY

+β4SIZE + β5DENSITY + β6CONTROL+ ε)

Given the limits of cross-country analysis, a particular focus is given to local
factors in understanding conflict in South Mexico. Such a case is likely to be il-
lustrative of a localized conflict. As argued by Howard and Homer-Dixon (1998,
51), “Zapatista demands are fundamently local”. With the exception of the de-
pendent variable defined from 1994 (see below), 1990 data were collected at the
municipal level on the basis of population census from the Instituto Nacional de
Estadística Geografía y Informatíca (INEGI). The municipality is the smallest
administrative unit in Mexico, centered on principal towns and hosts an average
of 25,000 inhabitants in our sample. Data from 1970 are collected from histori-
cal population census to introduce instrumental variables. To improve robustness
in our analysis and as illustrated in Figure 2.3, the sample is extended to two
other states, Guerrero and Puebla. Rebel movements are recorded in the former
and not in the later. The baseline sample is composed of 402 municipalities. As
can be seen in Table 2.1, these Southern states share common characteristics, be-
ing among the poorest states in Mexico and hosting a high percentage of people
speaking an indigenous language. In section 2.4.4, we will test the robustness of
our results to the addition of other states, chosen on the same criteria : South-
ern location, relatively poor and with a high proportion of people speaking an
indigenous language.
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Dependent variable : support to the rebellion

Working with so small geographical units, a difficult task is the determination
of the dependent variable, i.e. whether or not a municipality is defined as sup-
portive to the rebellion. For Chiapas, two indicators are used. On the one hand,
Sonnleitner (2001) by studying in details the way the EZLN injunction to vote
for the Partido de la Revolucíon Democratíco (PRD) candidate in 1994 and not
to vote between 1995 and 1997 was followed, identifies 18 municipalities with a
strong concentration of Zapatista supporters.8 On the other hand, Trejo (2002)
investigates to which extend Zapatista Autonomous Municipalities (Municipios
Autónomos Zapatistas, MAZ) have been created between 1994 and 1997. These
MAZ are “de facto local governments that claim legitimate jurisdiction over newly
defined territories within constitutionally elected mayors, governors and the Pres-
ident of Mexico and declare themselves only accountable to their Zapatista base
communities and to the EZLN commanders in chief” (Trejo, 2002, 7). This author
calculates a strong correlation between these rebel jurisdictions and the levels of
violence that occur at the local level. This second indicator completes the sub-
sample of ‘supportive’ municipalities with an additional unit, Titalá. In section
2.4.4, we will also test the robustness of our results to two alternative dependent
variables.
For Guerrero also hosting social unrest conducted by the EPR, the dependent vari-
able was defined on the basis of the events of confrontations, murders and rapes
exacted by the army soldiers against ‘supposed’ rebels and reported as such by the
local press between 1995 and 1998, the peak of the conflict in that state (SIPAZ,
2005). The method is based on the assumptions that rebels are hidden where they
find enough supporters and that exactions from soldiers make the population more
likely to support the EPR. Eleven municipalities are determined as ‘supportive’
out of 74. No significant uprising is known in Puebla so that we end up with a
sample of 402 municipalities, of which 30 are considered ‘supportive’ to local
rebels. Those municipalities are represented in Figure 2.4. As shown in section
2.4.4, our results are not altered if we modify the sample by replacing the state of
Puebla by other states where no rebel movements are recorded.

Explanatory variables

We follow the equilibrium condition found in (2.8) to identify and interpret our
main explanatory variables.

• Inequality : We should expect inhabitants of unequal municipalities to be
more supportive to the rebellion. However, it is only true provided we

8We cannot exclude that the measured support to the rebellion is not completely voluntary.
Our variable may actually capture the rebellion’s ability to make people vote for a specific party
or boycott the election. The theory does not either provide a tool to distinguish between voluntary
and coercive support.
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control at the same time for the looting effect captured by the income per
capita. The Gini coefficient and the polarization index of Esteban and Ray
(1994) were estimated for each municipality.

• Income per capita : Condition (2.8) indicates that conditional on other vari-
ables, the level of production per capita should have a positive effect on the
support to the rebellion. Contrary to Collier and Hoeffler (2004), an in-
crease of the income per capita could therefore boost the potential loot the
rebel leader could get from warfare (when controlling for the distributional
effect). The theoretical model underlines the necessity to study the effects
of both income per capita and the Gini coefficient simultaneously. A loga-
rithm transformation has been applied to this variable.

• Ethnicity as a coordination cost : Condition (2.8) indicates that the sup-
port to the rebellion is negatively correlated to the coordination costs. A
standard approach of the coordination issue is based on the ethnic dimen-
sion. According to our theoretical framework, ethnic diversity should make
a rebellion more costly and hence less likely to occur. Following Collier
(1998) and as explained in section 2.2, ethnic diversity should follow a
non-monotonous relationship due to common problems of asymmetric in-
formation. Different measurements of diversity and polarization have been
tested and are discussed in section 2.4.4. Given the emergence of a common
identity among Indian groups argued in section 2.2 as having constituted a
necessary condition for mobilization in South Mexico, only the proportion
of people of 5 years and more who speak an indigenous language is pre-
sented in the baseline regressions.

• Density as a coordination cost : Coordination costs will also be approached
with population density, transformed into logarithm. Contrary to Collier
(1998) who uses population size as a proxy, we believe population density
should better capture the difficulty to coordinate the rebellion. A denser
population is assumed to ease the mobilisation of supporters by the rebel
leader. However, we cannot exclude the possibility that a denser popula-
tion can make the deterrence action (policing activities) less costly for the
government. That issue remains an empirical question. However, our main
results do not depend on the inclusion of this control variable.

• Size as a proxy for relative efficiency : Following our theoretical model,
the rebel leader will have a strictly positive number of supporters provided
D < D̂, which corresponds to θ > γ+c

2φ
in (2.5) and (2.8). It is unfor-

tunately impossible to have data on the relative efficiency of the rebels at
the municipal level. We have simply argued in section 2.2 that the democ-
ratization process and the ability of the Sub-Comandante Marcos to gain
national and international support have increased both θ (relative efficiency
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of the rebel leader) and φ (cost of the deterrence action), while the emer-
gence of a common identity has helped to decrease c (coordination costs
associated with organizing the uprising). With the exception of the ethnic
dimension, no cross-sectional variation can hardly be found in the above
dimensions. 9 There is one municipality characteristic that could affect the
relative efficiency of the rebels compared to the deterrence action of the
central government, i.e. the presence of some geographic features, known
in the literature as providing military advantages to rebels. Given the La-
candone Selva in Chiapas, such geographical dimension is likely to play
an important role. Unfortunatly, no quantitative data could be found. How-
ever, comparing different maps, it appears that the presence of forests is
associated with large municipalities. Therefore, we will control for the size
of each municipality to capture the effect of geographical advantages for
the rebellion. Such a control variable, transformed into logarithm, is there-
fore expected to have a positive effect on the probability to support the
rebellion. Nevertheless, cautiousness should be given in the interpretation
of this variable as in a cross-sectional setting, the size of the municipali-
ties might capture many other sources of unobserved heterogeneity across
units of observations. Like for other control variables, our results are not
radically altered when we exclude this variable.

• In section 2.4.4, control variables and other qualitative information allow
us to test our results against alternative hypothesis. The literacy rate (Edu-
cation) is the share of people of 15 years and more who can write and read.
The variable “Primary” is the share of people who have completed primary
education while the variable “Secondary”, secondary education. An infras-
tructure index is also computed by averaging three ratios i.e. the share of
people with access to electricity, to running water and to drainage services.
Furthermore, migration will be measured by either the share of people born
in another country or living five years before in another country. Finally, the
importance of the agricultural dimension is measured by either the share of
land or labour used in agricultural or forestry activities. The share of arable
land is also tested.

2.4.2 Dealing with endogeneity

A key issue in our empirical work is the treatment of the potential endogeneity
problem. We suspect the level of inequality to be correlated with some unob-
served heterogeneity across municipalities, such as the quality of the local polit-

9It is even not possible to introduce, like in Inclán (2008, 1326), measures of electoral openings
as “in 1994, the 111 Chiapas localities were still dominated by the PRI”. It is only in the 1995
elections that the Partido Accion Nacional (PAN) gained four municipalities. Using data after
1994, would raise an unsolvable problem of endogeneity due to simultaneity.
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ical system and notably its openness to minority groups. Reynal-Querol (2005)
suggests that the inclusiveness of the political systems has a significant impact
on the risk of conflict. Nafziger and Auvinen (2003) even underline that this is
particularly relevant at local level. If such inclusiveness is correlated with our In-
equality variables, the results will be biased. The papers of Inclán (2008, 2009b,a)
on Chiapas between 1994 and 2003 also show that the process of democratiza-
tion was not evenly distributed across municipalities. She also finds that political
openness had a dampening effects on the events of Pro-Zapatista protests between
1994 and 2003. The endogenous nature of income per capita and inequality is also
underlined by the theoretical model of section 2.3.

The adopted strategy to deal with endogeneity is to find valid instruments, test
them with the two-step procedure of Rivers and Vuong (1988) and use conditional
maximum likelihood method of estimation to cope with the potential endogene-
ity problem. Finding a valid instrument is not an easy task. A natural candidate
is the lagged value of the Inequality coefficient from 1970. Income inequality
in 1970 is strongly correlated with the Gini coefficient of 1990 and uncorrelated
with the dependent variable of 1990. 10 To be a valid instrument, we should as-
sume that the Gini coefficient of 1970 is not correlated with the unobserved local
governance of 1990, as enough political cycles and changes in political repre-
sentativeness should have occurred in the 20-year period. However, we cannot
be certain that such an assumption will necessarily hold. Despite the huge po-
litical changes known in Mexico over that period, it might well be the case that
the process of democratization has not reached some parts of South Mexico. As
suggested by Inclán (2008, 2009b,a), twenty years might not be long enough to
ensure sufficient changes in the political inclusiveness in some municipalities of
our sample. Two other instrumental variables will be introduced. First, we con-
struct a measure of inequality spillovers by multiplying the Gini coefficient of
each municipality by a weighting matrix whose weight decreases with distance
while is nul for the concerned municipality. 11 Such a computation should reflect
the way inequality in surrounding municipalities will affect the level of inequal-
ity in the concerned municipality. Such an index is significantly correlated with
the level of inequality of the concerned municipality in the first stage of the pro-
cedure but is unlikely to hold any relationship with the local governance, being
completely exogeneously determined. Furthermore, it does not appear to affect
the dependent variable by other channels than the Gini coefficient. The second
alternative instrument is given by the share of people not wearing shoes in 1970.

10The risk of weak instrument should be low as the coefficient of the lagged Gini coefficient in
the first stage of the two-stage Probit model shows a coefficient between 0.133*** and 0.145***
in the regression of the Gini coefficient on the exogenous variables.

11To avoid the bias introduced by the discountinuity of space in our sample, we add 17 other
states in South Mexico (the lower half of the country in light hatching in Figure 2.3), i.e. covering
about 1825 municipalities and 25 million people to compute the inequality spillovers and then,
select the subsample corresponding to our 402 municipalities.
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Such an indicator was collected as a critical measure of relative deprivation in
1970 by INEGI and is strongly and positively correlated with the Gini coefficient
of 1990. However, due to a general improvement between 1970 and 1990 with re-
gards to the wearing of shoes, the relationship with the local governance of 1990
has fade away overtime.

Similar problem of endogeneity might be raised with the income per capita.
We will introduce not only the lagged value of this indicator as an instrumental
variable but also the closest distance to the US. In the tradition of geographical
economics, the distance to a larger market should have a negative impact on the
income per capita. Not surprisingly, the distance to the most Southern location
of Texas, ranging between 500 and 1300 kilometers by air is highly significant
in the linear projection of the income per capita on other variables. Exogenously
determined, such a geographical variable is unlikely to be correlated with the local
governance of the municipalities.

2.4.3 Results

Does inequality make us rebel?

Contrary to results obtained by Collier and Hoeffler (1998), income inequality
measured by the Gini coefficient at municipal level is significant in motivating
people to support the rebellion. The Gini coefficient in regression (1) of Table
2.2 is positive and highly significant. The corresponding average partial effect
accounts for 0.013. Regression (2) tests the income per capita apart from the Gini
coefficient. Like Collier and Hoeffler (2004), we found a negative coefficient. 12

Being negatively correlated, both results are likely to be downward biased by the
omission of one or the other variable. When introduced in the same regression (3),
both coefficients better distinguish the opportunity cost effect from the looting one
but become insignificant. However, we might suspect these variables to be corre-
lated with the unobserved quality of local governance. 13 Using the lagged Gini
coefficient, the inequality spillovers and the share of people not wearing shoes in
1970 as valid instruments, the Rivers and Vuong (1988) test confirms our intuition
that the Gini coefficient is likely to be endogenous. Instrumenting the Gini coeffi-
cient increases the effect of inequality on the probability to support the rebellion.
Regressions (4), (5) and (6) give a coefficient between 13.22 and 13.74 and an av-
erage partial effect between 1.5 and 4.5. Regression (7) confirms our results when

12Introducing the tax revenue (excluding federal transfers) by municipality, as an alternative
proxy for the potential loot the rebel leader can get from warfare, is insignificant. Nevertheless, it
does not alter significantly the results of other variables in the different specifications presented in
this section.

13The risk of approximate multicollinearity is pretty weak. The Gini coefficient is negatively
correlated with the income per capita with a coefficient of -0.61 (-0.76 when the second variable
is transformed into logarithm).
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using all instrumental variables. 14 As far as the income per capita is concerned,
the Rivers and Vuong (1988) test gives mixed results depending on the instrument
adopted. As a matter of comparison, we could note that instrumenting the income
per capita in regression (2) would increase the magnitude of the effect (-1.614***
using the lagged income and -2.345*** using the shortest distance to the US).
However, it might well be the case that the endogeneity bias is magnified due to
the non-inclusion of the Gini coefficient as an explanatory variable. Regression
(8) gives the results when both the Gini coefficient and the income per capita are
instrumented. The coefficient of the income per capita is close to the one obtained
when it is introduced as an exogenous variable. One technical difference is that
it makes the maximization of the conditional log-likelihood function much more
complex. Including other explanatory variables breaks the convergence proce-
dure down. We will adopt the specification of regression (7) in the rest of the
chapter. 15 Cautiousness in the interpretation of the coefficient of the income per
capita is required. When controlling for the Gini coefficient, the positive sign
obtained should not be seen as a counter-evidence to most cross-country findings
that war is more likely to occur in poor countries. Nevertheless, it could suggest
that within poor countries, the way wealth is spatially distributed may matter as
far as conflict prevention is concerned. Furthermore, although we deal with po-
tential endogeneity due to unobserved local governance, the external validity of
our results is constrained by the within-country focus and hence, conditional on
the quality of Mexican institutions, commonly shared by the municipalities of our
sample.

Results presented in this section has been obtained when ethnicity is simply
proxied by the percentage of people speaking an indigenous language. In line
with the theory considering this variable as a coordination cost, ethnic diversity
increases the risk of conflict. Nevertheless, a too diverse society makes an upris-
ing too costly to coordinate and explains the negative sign obtained for its square.
Such a result is consistent with Collier (1998) who shows that highly diverse so-
cieties might be safer than less fractionalized societies, beyond a quite low level
of diversity. We will discuss alternative measurements of the ethnic dimension.
However, the significant effect found for the Gini coefficient is highly robust, as it
will be unaltered in all alternative specifications. A denser population decreases
the coordination costs and has a positive coefficient. In most cases, the size of
the municipalities significantly increases the probability to support the rebellion.
This variable could reflect the importance of physical geography such as the pres-

14The overidentifying restriction test sheds some doubts about our choice of instrumental vari-
ables. However, this test is an approximation in the case of non-linear estimations such as our
Probit specifications.

15Similar results are obtained in regression (9) where no logarithm transformation for the in-
come per capita, the size and the population density is applied. As verified for all specifications,
not using this transformation only decreases the magnitude of the de-logged variables and slightly
improve the significance of the ‘ethnicity’ variables. All results are also consistent with the results
obtained under the Linear Probability Model estimation.
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ence of forests, although it is also likely to capture other unobserved differences
across municipalities.16

Finally, although argued to be a much more relevant factor of conflict, the po-
larization index does not bear as much explanatory power as the Gini coefficient.
17 Assuming all variables exogeneous, the coefficient of the polarization index
is insignificant, either when it is considered exogenous or endogenous. So poor
results might be due to the unfavorable feature of the small size of municipalities.
With small geographical units, polarization might matter less than the feeling of
injustice engendered by overall inequality.

2.4.4 Robustness checks

Alternative dependent variables

The construction of the dependent variable is a key element of our analysis. I also
acknowledged in footnote 8 that its interpretation might be somehow contentious.
In the limits of data availability, alternative definitions of the dependent variable
would not solve the problem of interpretation but could test further the robustness
of our results. First of all, regressions (1)-(9) of Table 2.3 replicates Table 2.2
by defining the dependent variable as Zapatista occupied municipalities by the
rebellion on December 19, 1994 (Inclán, 2009a, 816, footnote 10). This results
in a total of 38 ‘occupied’ municipalities (instead of 18 in the baseline sample)
to which we add the 11 ‘rebel’ municipalities previously defined for Guerrero
and for which no alternative data were found. This first alternative is presented
as a robustness check as this definition is even more likely to capture strategic
choice by the rebel leader rather than population support. Regressions (1)-(9) of
Table 2.3 confirm the results previously found, with slightly larger coefficients
of interest. Second, we replicate the same regressions but using Inclán (2008,
2009b) data on the number of Zapatista protests held by municipality between
1993 and 2004. Based on a definition of protest as “collective public action[s] by
nonstate actors, involving at least three people, and with the expressed purpose of
critique or dissent together with societal and/or political demands” (Rootes, 2003,
53, quoted in Inclán 2009, page 93), Inclán (2008, 2009b) collected these events
of protests based on local (El Tiempo) and national (La Jornada) newspapers. 18

16The author can provide on request replications of Table 2.2, where either the population
density or the size of the municipalities are omitted. Such replications do not alter the main
results of Table 2.2.

17This index was evaluated at the two particular values of α suggested by Esteban and Ray
(1994) and reflecting different degrees of ‘polarization sensitivity’, i.e. α = 1 and α = 1.6.
From Rivers and Vuong (1988) testing procedure and using the lagged variable from 1970, the
polarization index does not seem to be affected by any endogenous bias.

18I would like to express all my thanks to María Inclán who kindly accepted to share these data
and the result of a time-consuming and very rigorous work. The use made with her data remains
of course my own responsibility.
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As our purpose is to assess why support took place in some municipalities and not
in others, we restrict the data to the protests occurring in 1994. In other words,
we are interested in explaining with 1990 characteristics the onset of the rebellion
support in 1994 while Inclán (2008, 2009b,a) seeks to analyze the dynamics of
the Zapatista protests. We identify 69 municipalities with pro-Zapatista protests
in 1994. Again, in our case, this alternative dependent variable does not solve
the possible interpretation ambiguity. However, it provides another robustness
check of our main results. Regressions (10)-(18) of Table 2.3 confirm that similar
results are given, using this alternative dependent variable with also slightly larger
coefficients compared to the baseline results.

Alternative samples

As pointed in section 2.4.1, the definition of the estimation sample has been
guided by the choice of similar Southern states within data availability. As shown
in Table 2.1, Chiapas, Guerrero and Puebla are among the poorest Southern
states, with high share of people speaking an indigenous language. However,
other choices could have been made. First, we would have liked to introduce the
municipalities of the state of Oaxaca as additional units of analysis. Nevertheless,
we were not able to find the appropriate data that would allow us to define the
‘supportive’ municipalities in that state experiencing rebel movements. Second,
we could have excluded Puebla from the sample. Regressions (1)-(4) of Table
2.4 confirm our main results (given in regressions (4)-(7) of Table 2.2) when the
state of Pueba is omitted. Third, we also test the robustness of the results to the
replacement of Puebla by other states. Among the Southern states included in Ta-
ble 2.1, those sharing similar economic and ethnic characteristics are Campeche,
Tabasco and Yucatan. Regressions (5)-(8), (9)-(12) and (13)-(16) of Table 2.4
confirm respectively the robustness of the baseline results to the replacement of
the state of Puebla by the states of Campeche, Tabasco and Yucatan.

Alternative control variables

As discussed in section 2.2, we argue that the simple distinction between Indians
and non-Indians should better capture the role of ethnicity, given the emergence
of a common identity among Indians in the eighties. Nevertheless, we could
assess the importance of such a distinction by exploiting finer ethnic distinctions.
We identify 37 linguistic groups in our sample. 19 Provided this is the relevant
degree of ethnic distinction, such ethnic diversity would make rebellion a costly
strategy to follow for the rebel leader. South Mexico appears to be ethnically

19With the exception of the simple ratio of people of 5 years and more speaking an indigenous
language, no detailed information has been found for the year 1990. Assuming that relative dif-
ferences between municipalities in ethnic distinctions is stable over a 10-year period, we use data
from 1980 to compute the various indexes of ethnic diversity and polarization.
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very diverse. In addition to the 85% of the population studied who only speak
Spanish, 15% of the population are composed of 36 groups whose members speak
an indigenous language. However, the ethnic landscape is very much contrasted
when looking at municipal data. For instance, people speaking Tzetzal represent
1.8% in our sample but 80.6% in Chilón (Chiapas); Tzotzil, 2.8% but 78.3%
in Chalchihuitán (Chiapas); Chol, 1% but 61.48% in Salto de Agua (Chiapas),
Mexicano o nahuati, 6.6% but 93% in Zoquitlan (Puebla) and Mixteco, 1% but
83% in Chigmecatitlán (Puebla). Considering only the share of people speaking
an indigenous language could also overlook a situation where two groups are
polarized within a municipality.

As illustrated in regression (1) of Table 2.5, measurements of diversity such as
the indexes of ethnic fragmentation (Taylor and Hudson, 1972), of peripheral di-
versity (Desmet et al., 2005), of maximum potential social fragmentation (Collier
and Hoeffler, 2004) and a “Dominance” dummy indicating whether one linguistic
group other than the only Spanish-speaking one is in majority do not significantly
affect the probability to support the rebellion. As shown in regression (2), this is
also the case for the polarization indexes of Esteban and Ray (1994) and Reynal-
Querol (2001). With the sole exception of the index of peripheral polarization
which gives the expected non-monotonic shape and similar results presented in
regression (3) of Table 2.5, the simple ratio of people speaking an indigenous lan-
guage performs better than other more sophisticated indexes. These results tend
therefore to support the anthropological observations suggesting that the emer-
gence of a common identity among Indians could have been a necessary condition
for overcoming problems of asymmetric information in coordinating the uprising.
In terms of robustness, all these alternative measurements of ethnicity strengthen
our baseline results. Consistently with our theoretical framework, the Gini coef-
ficient measured at municipal level always significantly increases the probability
to support the rebellion in South Mexico. 20

Alternative explanations have been found in the literature on conflicts in
South Mexico. First, contrary to what has been claimed by Mexican officials
about the instrumentation of the conflict by migrants from other countries such as
Guatemala, the share of people born in another country is far from significance in
regression (4) of Table 2.5. The same is true when the impact of migrants is esti-
mated with the percentage of people that used to live in another country in 1985,
i.e. five years before. 21 Second, the unique measurement of income inequality
might be seen as too restrictive to reflect the potential role of inequality in conflict.

20The same is true when looking at diversity and polarization indexes defined in terms of reli-
gion.

21The lack of significance of the migration factor contradicts the argument advanced by Howard
and Homer-Dixon (1998) according to which migration would have made land scarcity, the main
driver of the conflict. However, we cannot exclude the possibility that the population density does
not only capture the coordination costs but also some land abuse exacerbation. We discuss the
land issue in the next paragraph.
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Unequal access to education might play an important role in motivating people to
rebel. Access to education, measured by the literacy rate, is not significant in re-
gression (5). Similar outcome is obtained when access to education is proxied by
the percentage of people with primary education. On the contrary, the percentage
of people with secondary education has a significant effect on the probability to
support the rebellion. As indicated in regression (6), the sign of its coefficient is
positive suggesting the more educated you are, the more prone to rebel you would
be. A possible explanation could be the mismatch between improved skills and
job opportunities. Although such a conjecture requires further theoretical and em-
pirical investigations, a similar argument is supported by Azam (2005) in another
context to explain motivates for suicide-bombings. Nafziger and Auvinen (2003)
also point to frustration among educated people as a potential source of social un-
rest in Nigeria in the 1960’s and in Sri Lanka in the late 1970’s. The constructed
index of access to infrastructure significantly affects the probability to support the
rebellion and has an expected negative sign. Some authors have also presented
conflict in South Mexico as the result of a sectoral crisis. The agricultural and
forestry sector would have been particularly harmed by trade reforms undertaken
since the mid-eighties. However, regressions (8) and (9) indicate that the coeffi-
cients of agricultural and forestry land or the share of the population working in
such activities are insignificant. Regression (10) introduces a dummy variable for
Chiapas to test whether some state-specific unobserved effect could have biased
our results. Such dummy appears to be insignificant and does not significantly
alter our results. 22

Finally, other factors could be missing in the analysis due to data unavail-
ability. First, uneven land distribution has often been pointed out as responsible
for protest in rural areas. South Mexico is no exception. Most of the literature
presents the land issue as an opposition between a few big landowners who would
own the majority of the land at the expense of the whole Indian population. How-
ever, this image of opposition between big landowners and the Indian population
might have been relevant until the mid-eighties but not anymore in the nineties.
It is true that private landowners received the support of the federal and military-
lead state governments through forced migration, expropriation of land, division
of populations and quasi immunity for the private guards employed by the cattle
ranchers. However, after the eighties, there has been a multiplication of small
private landowners but not a concentration of land in a few hands. Favre (2002)
shows numerically that the average surface of biggest properties has diminished
from 1970 to 1993 while the average surface of the smallest properties also di-

22As an additional robustness check, we wonder whether our results could be biased due to
the presence of spatial correlation. In the appendix, we show that correcting for any kind of
spatial dependency confirms that people living in more unequal municipalities are more prone
to rebel. Alternative variables to capture the role of geographical features have also been tested
by introducing either the proportion of arable land or the average altitude of each municipality.
Without changing our main results, both variables are far from significance.
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minished due to demographic pressure. Moreover, land owned collectively by the
community seemed to have multiplied in sensitive areas of South Mexico. That
does not mean that the land issue is not a crucial one but the problem is likely to
be the non-respect of property rights, pointing to the local misgovernance rather
than land distribution per se. Favre (2002, 44) also underlines that “land claims
were rarely resolved, and claimants appealing for legal control were often pun-
ished and coerced by caciques [political elites] and private armies”. Well, the
way the potential endogeneity of the Gini coefficient is treated, should control for
the unobserved effect of political exclusion and poor local governance. Second,
trade of high-value commodities has often been central in financing war and eco-
nomic agendas have often substituted political aims at the expense of the most
vulnerable citizens. However, the financing capacity of the rebellion is likely to
be captured by the income per capita, reflecting the so-called looting effect of our
theoretical model.
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2.5 Conclusion
By extending the theoretical model of Grossman (1999), the present chapter sheds
light on the need to study both relative and absolute deprivation simultaneously in
the analysis of conflict. On the one hand, income inequality measured by the Gini
coefficient at municipal level has significantly affected the support to the rebellion
in South Mexico. Therefore, cautiousness is required in the interpretation of the
results obtained by some (myopic) cross-country analysis that conclude that in-
equality does not play any role in motivating people to enter into armed conflicts.
The literature has had huge implications on the way institutions such as the World
Bank assess the risk of conflict and elaborate policies for conflict prevention and
resolution. This chapter suggests, at least, that a one-fits-all approach to con-
flict could neglect economic inequality as an important factor. Contrary to Collier
(2000)’s policy recommendations, reducing inequalities could well be effective in
some cases to promote civil peace, basic condition for sustainable development.
On the other hand, the theoretical framework suggests that a rise in income per
capita could well exacerbate the risk of conflict, as it could increase the potential
loot of the rebel leader. Such a result is supported by our empirical analyses of
South Mexican municipalities. As a word of cautiousness, it does not contradict
the general consensus obtained by cross-country analysis following which con-
flict is more likely in poor countries. However, that suggests that the way growth
is spatially distributed within countries under risk of conflict, does matter to pre-
vent new deadly confrontations. Better understanding the spatial pattern of the
conflict in South Mexico could be a promising path for further research. Finally,
by verifying the robustness of the results to different specifications, the chapter
also emphasizes the complexity of ethnic identification. In the present case, the
anthropologist hypothesis following which the emergence of a common identity
across different ethno-linguistic groups was a necessary condition for group mo-
bilization finds some empirical support. Nevertheless, the limited scope of this
analysis constitutes an obvious constraint for being more affirmative on the issue.
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2.6 Appendix

Alternative specifications of the theoretical model
Theoretical predictions with α ≤ 2

3

With α < 2
3
, the subsidy is never a valuable strategy to deter conflict. Neverthe-

less, that does not mean that conflict will not occur or that we should not expect
similar theoretical predictions. Under the same feasibility condition, D < D̂,
which corresponds to θ > γ+c

2φ
, the equilibrium level of insurgents can be ex-

pressed as :

I∗ =
Y ∗

L∗
β

(1− β)

(
1− γ + c

2θφ

)
(2.10)

(1− β)

2θφ

[
α

γ
(1− β)

] 1
1−α

when θ >
γ + c

2φ
and α ≤ 2

3
∂I∗

∂ β
(1−β)(1+s∗)

> 0
∂I∗

∂ Y
∗

L∗

> 0 (2.11)

The same theoretical predictions are given, despite the fact that the subsidy is
never a valuable deterrence strategy for the government.

Change in the sequence of the game

If the rebel leader can act before the government, he can decide on the number
of insurgents, anticipating the way the government will react in terms of subsidy
and deterrence action. Such ability to anticipate gives a decisive advantage to
the rebel leader. Rebellion is then unavoidable by the government. The level of
insurgents is indeed always strictly positive and the government has no reason
to use the subsidy as an alternative deterrence strategy. The equilibrium level of
insurgents can be expressed as follows:

I∗ =
Y ∗

L∗
β

(1− β)

θφ(1− β)

4(γ + c)2

∂I∗

∂ β
(1−β)

> 0
∂I∗

∂ Y
∗

L∗

> 0 (2.12)

The same theoretical predictions are given, despite the fact that the conflict
is unavoidable and the subsidy is never a valuable deterrence strategy for the
government.
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Theoretical predictions with µ = 1
2

In the theoretical model presented in section 2.3, we assume the government to
be only concerned by the rent of the landlords (µ = 1). We could relax this
assumption by considering a benevolent government in the sense that he is equally
concerned by the peasants and the landlords (µ = 1

2
). In that case, the subsidy

will always be a valuable strategy for the government, when the war is feasible,
i.e. when θ > γ+c

2φ
. In that case, similar theoretical predictions are found.

s =
(c+ γ)α

4θφ(2α− 1)
+

α

β(2α− 1)
− 1 (2.13)

I∗ =
Y ∗

L∗
β

(1− β)(1 + s∗)

1

2θφ

[
α2

γ

1− β
2α− 1

(
γ + c

4θφ
+

1

β

)] 1
1−α

when θ >
γ + c

2φ
∂I∗

∂ β
(1−β)(1+s∗)

> 0
∂I∗

∂ Y
∗

L∗

> 0

Tables and figures

Table 2.1: Three similar states
Average Income per capita in $pesos People speaking an indigenous language in %

(rank on 31 states) (rank on 31 states)
Mexico (country) 2484 7.49
Campeche (8 muni) 1860 (21) 18.99 (26)
Chiapas (110 muni) 1308 (30) 26.42 (28)
Guerrero (74 mun 1524 (27) 13.40 (24)
Michoacan 1776 (22) 3.48 (19)
Oaxaca 1176 (31) 39.12 (30)
Puebla (217 muni) 1560 (26) 14.11 (25)
Tabasco (17 muni) 2004 (17) 3.72 (20)
Tlaxcala 1692 (25) 3.44 (17)
Veracruz-Llave 1776 (24) 10.7 (22)
Yucatan (106 muni) 1380 (29) 44.20 (31)

Source: INEGI, Instituto Nacional de Estadística Geografía y Informática, data for 1990
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Figure 2.3: Chiapas, Guerrero and Puebla

Note: The dark hatching indicates states which are never used in the analysis. Light hatching describes the states of which municipalities have been used

for computing the index of inequality spillovers but remain out of our sample (see footnote 4). Source: Geographic coordinates provided by CIMMYT

(International Maize and Wheat Improvement Centre).
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Figure 2.4: 402 municipalities, of which 30 are ‘supportive’

Note: Municipalities in pink are those not assumed to be ‘supportive’ to the rebellion, while those with blue dots are assumed to be ‘supportive’. Source:

Geographic coordinates provided by CIMMYT (International Maize and Wheat Improvement Centre).
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Table 2.4: Alternative samples
(1) (2) (3) (4) (5) (6) (7) (8)

SAMPLE excl. excl. excl. excl. incl. incl. incl. incl.
Puebla Puebla Puebla Puebla Campeche Campeche Campeche Campeche

IV Gini70 Spillovers Noshoes Multiple Gini70 Spillovers Noshoes Multiple
Dep. Var. Support Support Support Support Support Support Support Support
Gini 16.74*** 13.48*** 15.36*** 14.55*** 15.93*** 12.54*** 13.19*** 12.82***

(0.890) (3.666) (2.250) (2.318) (1.789) (3.585) (3.575) (2.765)
Income per 2.695*** 2.027*** 2.406*** 2.251*** 2.182*** 1.516** 1.610** 1.608***
capita(log) (0.203) (0.743) (0.485) (0.484) (0.446) (0.696) (0.695) (0.540)
Ethnicity -0.949 1.872 1.064 1.236 -0.176 1.664 1.812 1.643

(1.847) (2.596) (2.095) (1.933) (2.612) (2.525) (2.545) (2.084)
Ethnicity2 0.672 -0.101 0.00363 0.143 -0.293 -0.900 -1.281 -0.892

(1.611) (2.188) (1.899) (1.922) (2.035) (2.195) (2.209) (2.058)
Size(log) 2.685 1.607 2.057 0.647 1.897* 1.689 1.596*

(2.010) (1.584) (1.411) (1.209) (1.149) (1.140) (0.906)
Density(log) 0.408 0.233 0.299 0.422 0.672*** 0.643*** 0.605***

(0.304) (0.240) (0.221) (0.269) (0.235) (0.234) (0.194)
Obs 186 186 186 186 194 194 194 194
Log Lik 228.407 227.186 231.539 86.293 228.77 233.78 232.12 238.248

(9) (10) (11) (12) (13) (14) (15) (16)
SAMPLE incl. incl. incl. incl. incl. incl. incl. incl.

Tabasco Tabasco Tabasco Tabasco Yucatan Yucatan Yucatan Yucatan
Dep. Var. Support Support Support Support Support Support Support Support
Gini 14.72*** 14.90*** 12.74*** 13.31*** 13.93*** 13.77*** 13.88*** 13.50***

(3.453) (1.979) (3.203) (2.439) (2.463) (1.711) (1.621) (1.569)
Income per 1.805*** 1.840*** 1.519*** 1.650*** 1.795*** 1.797*** 1.795*** 1.761***
capita(log) (0.640) (0.399) (0.554) (0.435) (0.544) (0.383) (0.356) (0.320)
Ethnicity 1.610 0.560 2.600 2.122 2.746 2.169 2.266 2.723*

(3.102) (2.098) (2.339) (2.029) (2.538) (1.822) (1.654) (1.491)
Ethnicity2 -1.348 -0.721 -1.572 -1.276 -3.319** -3.046** -3.064** -3.434***

(2.075) (1.720) (2.121) (2.007) (1.487) (1.208) (1.238) (1.274)
Size(log) 2.603 2.056 3.322** 2.900** 1.801 1.414 1.664 1.652

(2.312) (1.574) (1.555) (1.288) (2.089) (1.455) (1.308) (1.013)
Density(log) 0.697** 0.646*** 0.735*** 0.681*** 0.468 0.406* 0.432** 0.435***

(0.281) (0.210) (0.188) (0.163) (0.327) (0.233) (0.203) (0.159)
Obs 203 203 203 203 292 292 292 292
Log Lik 240.544 241.309 246.537 250.805 336.786 337.298 338.642 341.866

*** p< 0.01, ** p< 0.05, * p< 0.1; Standard errors in parentheses. The dependent variable
“Support” is the one described in section 2.4.1. With an alternative sample, regressions (1)-
(4), (5)-(8), (9)-(12) and (13)-(16) only replicate regressions (4)-(7) of the baseline table, for
presentation reasons. However, the replications of all regressions can be provided on request.
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Data sources and computation
Data come from different population census and the database provided by the the
Instituto Nacional de Estadística Geografía y Informatíca (INEGI). To ensure a
high degree of comparability between data from 1970 and 1990, a new munic-
ipality (San Juan Cancuc) in Chiapas has been incorporated into its former one
(Tenejapa).

1. Gini coefficient: INEGI provides for each municipality the number of peo-
ple by income groups, defined on the basis of the minimum salary (includ-
ing no income). The Gini coefficient is calculated with grouped data so
that no account of the inequality within the intervals of income is taken. As
suggested by Chen et al. (1991), the midpoints were used for the closed in-
tervals. Simulations indeed suggest that using midpoints to estimate Lorenz
curves does not create bias. For the open-ended interval at the top of the in-
come distribution, the mean income for the interval was set at 30 percent
above the lower bound. The lowest interval was set at 80 percent below
the highest bound. Both values are recommended by Chen et al. (1991).
Income intervals are defined in terms of minimum salary for 1990. With
the sole exception of one municipality in the state of Guerrero, Acapulco
de Juarez with a minimum salary of 10,309$ pesos on January 1, 1990, the
minimum salary in the remaining 401 municipalities accounts for 8,405$
pesos. The Gini coefficient is given by:

Gini =
1

2n2ȳ

n∑
i=1

n∑
j=1

|(yi − yj)| (2.14)

where yi is the income attributed to individuals i ; n is the number of people
living in the concerned municipality.

2. Income Polarization index: The same method has been used to deal with
grouped data. Computation is based on Esteban and Ray (1994):

ER = K
n∑
i=1

n∑
j=1

Π1+α
i Πj|yi − yj| (2.15)

where Πi is the proportion of the active population who declare to receive
the income of the group i.

3. Income per capita is obtained by the ratio of the sum of the income of all the
individuals (in the active population of the concerned municipality) divided
by total population:

Income per capita =

∑n
i=1 YiΠi

nk
(2.16)

where Yi is the income attributed to the group i
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4. The Ethnolinguistic Fractionization index (ELF) follows Taylor and Hud-
son (1972):

ELF = 1−
n∑
i=1

Π2
i (2.17)

where Πi is the proportion of people that speak language i (religion i when
applied to religious fractionization). This index reflects the probability that
two randomly selected individuals within a municipality belong to the same
linguistic group.

5. The Reynal-Querol index is naturally given by Reynal-Querol (2001):

RQ = 1−
n∑
i=1

[
0.5− Πi

0.5

]2

Πi (2.18)

6. The Peripheral Diversity/Polarization index follows Desmet et al. (2005):

PD(DOW ) =
n∑
i=1

(Π1+α
i τoi + Πi)Πoτoi (2.19)

where Πo is the proportion of people only speaking the dominant language
(Spanish in our case) ; Πi is the proportion of people speaking the language
i ; τoi is the distance between languages. When α < 0, you obtain the
index of peripheral diversity (PD), when α > 0, you obtain the index of
peripheral polarization (DOW).

These indexes should better reflect the dominant position of the only-
Spanish-speaking people, not necessarily in terms of number (other
linguistic groups are in a few cases in majority) but in terms of social,
political and economic powers. This group is therefore assumed to be the
dominant group in all municipalities. Ideally and as suggested by Desmet
et al. (2005), the measure of distance would be based on the proportion
of cognates between languages. To our knowledge, such information
is unavailable for the different languages of our sample. Therefore, the
‘distance’ between languages was arbitrarily assumed to be equal to 0.5
between two indigenous languages and 1 between any of them and the
Spanish language. The value 1 is in line with the distance suggested by
Desmet et al. (2005) between Mayan and Spanish. The value 0.5 is chosen
arbitrarily.

7. The Maximum Potential Social Fractionisation (MPSF) follows Collier
(1998, footnote 8), i.e. the product of ethnic and religious diversity indexes,
plus whichever index is the greater.
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Table 2.6: Variables related to baseline regressions
Variables Obs. Mean st.deviation Minimum Maximum
Supportive 402 0.0746 0.2631 0 1
Gini 402 0.6054 0.1261 0.3268 0.9533
Inc. per capita* 402 2035.164 1106.341 228.553 7115.858
Ethnicity 402 0.2158 0.2918 0.0012 0.8706
Size* 402 418.723 748.372 8.93 1061.6
Density* 402 115.633 204.386 2.603 2125.147

Note: * means that the variable has been transformed into logarithm before being introduced in regressions

Table 2.7: Control variables
Variables Obs. Mean st.deviation Minimum Maximum
Ethnolinguistic Frac. 402 0.2054 0.1969 0.0018 0.6682
Polarization Index 402 0.0668 0.0558 0.0009 0.1648
Peripheral Polarization 402 0.1334 0.1724 0.0009 0.8698
Literacy rate 402 0.3206 0.1432 0.0619 0.8086
Primary 402 0.0899 0.0326 0.0181 0.1997
Secondary 402 0.0391 0.0234 0 0.2129
migration(born) 402 0.0023 0.0094 0 0.0969
migration(5 years) 402 0.0012 0.0034 0 0.0461
Infrastructure 402 0.3662 0.1564 0.007 0.8359

Spatial correlation
Both our theoretical and empirical models may be considered too restrictive given
the fact we overlook any kind of spatial dependency between the decisions made
in each municipality. Keeping the subsequent theoretical development for fur-
ther work, we wonder whether such spatial dependency could bias the estimation
of our parameters of interest. Applying the Moran I test adapted to non-linear
models by Kelejian and Prucha (2001), we reject the null hypothesis of no spatial
correlation at any reasonable level of significance. Dealing with spatial correla-
tion, a first approach consists in assessing whether such spatial dependency result
from neighbors’ characteristics that would affect the probability to support the
rebellion. This would be the case if for example, the rebel leader has the option
to loot in a rich neighboring municipality in order to finance the rebellion in a
more unequal municipality where inhabitants are more likely to support the up-
rising. However, regression (1) of table 2.8 indicates that none of the spatially
lagged explanatory variables seem to significantly affect our dependent variable.
Furthermore, despite an expected decrease in magnitude, it does not change the
significance and the sign of our two variables of interest. Over the last decade,
new techniques have also been developed to assess the role of spatially lagged de-
pendent variable or spatial correlation in the error terms (Fleming, 2004). We first
introduce in regression (2) the spatially lagged dependent variable in our baseline
regression. Such a variable will be significant if a “contagion” effect would ex-
plain that some municipalities become ‘supportive’ to the rebellion. However,
such introduction is known to cause inconsistency in our estimates, as the covari-
ances suffer from heteroskedasticity. Therefore, we follow Kelejian and Prucha
(1998) by instrumenting the endogeneous spatially lagged dependent variable. In
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regression (3), we use the spatially lagged Gini coefficient as instrumental vari-
able. The spatially lagged dependent variable does not appear to affect the prob-
ability to support the rebellion in a particular municipality. In regression (4), we
estimate a spatially correlated error model using the GMM procedure proposed
by Conley (1999). Such a spatial correlation would be encountered if some cor-
relation between e.g. the unobserved local governance in each municipality is
found. Our results are confirmed, although the income per capita is not signifi-
cant anymore. Therefore, we remain confident that people living in more unequal
municipalities are more prone to participate to rebellion while further work would
be needed to disentangle the way spatial correlation in the error terms might affect
the ‘looting effect’ assumed to be captured by the income per capita.

Table 2.8: Spatial models
Variables Probit Probit Probit Probit

(1) (IV) (2)(IV) (3)(IV) (4)(IV)
IV Multiple Multiple Multiple Multiple
Gini 11.505** 11.555** 11.559*** 10.094**

(5.281) (4.967) (3.165) (5.404)
APE 0.035 0.698 0.704
Income per 1.799* 1.504[0.162] 1.507** 0.221
capita (log) (1.036) (1.076) (0.67) (0.786)
APE 0.023 0.091 0.092
Ethnicity 7.448 3.645* 3.654** 13.046***

(5.885) (2.207) (1.765) (3.56)
APE 0.023 0.22 0.222
Ethnicity2 -5.214 -2.04 -2.062 -7.42***

(4.079) (1.883) (1.846) (3.574)
APE -0.016 -0.123 -0.126
Size(log) 1.567 3.046 3.032* 12.05***

(2.554) (3.013) (1.842) (2.602)
APE 0.005 0.184 0.185
Density(log) 0.235 0.302 0.301 1.567***

(0.434) (0.384) (0.25) (0.338)
APE 0.001 0.018 0.018
Spatial not sign. -2.014 -1.914
Lag (4.265) (2.816)
APE -0.122 -0.116
Obs. 402 402 402 402

Source: Standard errors are displayed in parentheses under the coefficient estimates. *, **, *** denote a coefficient estimate significantly different from

zero at the 10%, 5% or 1% level. P-value closed to 0.1 is given between brackets.
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Chapter 3

Another inconvenient truth :
Climate change and migration in
Sub-Saharan Africa

Abstract. This chapter analyzes the effects of climate change on rural-urban and inter-
national migration from both a theoretical and an empirical point of view. Theoretically,
we show how climate change, through manifesting itself in the rural sector (through de-
creased productivity), induces rural-urban migration, that subsequently triggers interna-
tional migration by increasing pressure in the urban sector. We show that, while direct
amenity effects from climate change will increase international migration, agglomeration
effects may reduce international migration.

We then empirically assess the impact of climate change on international migration
using a new annual, cross-country panel data set for Sub-Saharan Africa. Our results sug-
gest that climate change increases the incentives to migrate both to the urban centers and
to other countries. Consistently with the theoretical framework we also find that, when
endogeneity is dealt with, urbanization is a pull-factor and mitigates the effect of climate
change on international migration. Overall, we estimate that changes in temperature and
rainfall induced a displacement of about 2.55 million people in net terms over the period
1960-2000. This corresponds to an annual average of 64,000 persons or 0.016% of the
Sub-Saharan African population. Towards the end of this century, predicted changes in
temperature and rainfall would lead to an additional annual displacement of about 1.3
million people, representing about 0.26% of the Sub-Saharan African population.

Keywords: International migration, urbanization, rural-urban migration, climate
change, Sub-Saharan Africa.
JEL Classification: F22, Q54, R13 1

1Joint work with Luca Marchiori (University of Luxembourg) and Ingmar Schumacher (Cen-
tral Bank of Luxembourg)
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3.1 Introduction

The analysis of the impacts of climate change has brought to light many incon-
venient truths, ranging from a reduction in biodiversity over melting ice caps to
an increasing amount of extreme events. However, out of these many inconve-
nient truths, none has yet seen as much media coverage as the impact of climate
change on human migration. To lose ones homeland to the forces of nature which
mankind battled so eagerly against during the last centuries seems to induce a
sense of helplessness and dependency that was almost to be forgotten. Indeed,
the amount of people that have to leave their homes due to changes in local cli-
mates is reported to be everything else but negligible. Early works by El-Hinnawi
(1985, 4) have first advanced the figure of 15 million people annually that had to
move as a result of floods during the 70s. Following the revision to 10 million
given by Jacobson (1988), Myers (1996) increased the number of environmen-
tal refugees to 25 million for the sole year of 1995, of which 18 million would
originate from Africa. These authors also predict increasing risk in the future. A
sea level rise of one meter would produce between 50 million (Jacobson, 1988)
and 200 million environmental refugees (Myers, 1996).2 In addition to flooding,
climate change induces much broader phenomena, including the change in the
levels and the variability of precipitations and average temperature as well as the
increased occurrence of extreme weather events (Boko et al., 2007). Despite the
very comprehensive overview of the Intergovernmental Panel on Climate Change
(IPCC) fourth report, the lack of robust evidence regarding the relationship be-
tween migration and climate change is unfortunate (Boko et al., 2007, 450). In
its 2010 World Development Report on Development and Climate Change, the
World Bank (2010 : 108-109) underlines that these “estimates are based on broad
assessments of people exposed to increasing risks rather than analyses of whether
exposure will lead them to migrate.” The general knowledge of the effect of
climate change on migration is indeed surprisingly limited, especially for a topic
which is so very much at the heart of the modern, international debate. It is, there-
fore, the objective of this chapter to provide a theoretical and empirical analysis
of the impact of climate change on migration. Based upon the empirical analysis
we also forward a tentative estimate of the number of environmental migrants in
Africa between 1960 and 2000, as well as predictions until 2099.

What are the stylized facts that a study of rural-urban and urban-international
migration should integrate? Firstly, it is well-known that gradual climate change
bears the strongest direct impacts on the agricultural activities, whereas the man-

2The term “environmental refugee” is itself a debate. The distinction between refugee and
migrant is an important policy debate, notably in terms of assistance and protection, see Black
(2001), Kibreab (1997), McGregor (1993) or Suhrke (1994). In the rest of the chapter, the term
“environmental migrant” will be used. In the data, the people crossing a border as a result of en-
vironmental damage would not be considered as refugee given the mandate given to the UNHCR
by the 51 Convention of Geneva but they would be counted as migrants in national statistics.
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ufacturing sector is less hurt (IPCC, 2007). Thus, countries with a large depen-
dency on the agricultural sector are particularly vulnerable to climate change (De-
schenes and Greenstone, 2007; World Bank, 2010). We should expect migration
from the rural to the urban areas, together with mobility from the agricultural to
the non-agricultural sector. Climate change is, therefore, likely to foster urbaniza-
tion (Barrios et al 2006). As this internal migration implies that more workers are
now available in the urban sector, this will exert a downward pressure on the urban
wage, providing incentives for the urban workers to move across borders (Hatton
and Williamson, 2003). Thus, we expect to see a sectoral re-allocation of workers
as a major means of adaptation to climate change (Barrios et al 2006, Collier et
al 2008). Secondly, one should be able to account for the fact that climate change
could affect international migration, independently of the wage and urbanization
channels. Such a direct impact is consistent with studies emphasizing how cli-
mate variability may affect amenities (Rappaport, 2007) or pure non-market costs
such as the spread of diseases or higher probability of death due to flooding or
excessive heat waves (World Bank, 2010). In line with these stylized facts, our
framework encompasses the above mechanisms.

We then collect a cross-country panel dataset which helps us in testing the
predictions forwarded by the theoretical model. Our focus here is on Africa for
several particular reasons. Inhabitants of most Sub-Saharan countries already live
on the brink of starvation, with often more than 60% of people living below the
poverty line (United Nations, 2008). Since many of these countries are relying
heavily on agricultural production (in several countries up to 90% of the popu-
lation work in the agricultural sector, see FAO 2004), even small changes in the
local climates can have significant impacts on peoples’ chances of survival. For
example, in 2004 around 800 million people were at risk of hunger (FAO 2004)
leading to around four million deaths annually. Around half of those deaths are
believed to have arisen in Sub-Saharan Africa. Given several very likely scenarios
of the IPCC (2007) that predict increases in temperature and declines in rainfall
for most of Sub-Saharan Africa, the number of those deaths could easily double
(Warren et al. 2006). In the light of these drastic changes one would wonder
which are the most important driving forces behind the migration decisions in the
Sub-Saharan region. To our knowledge, Hatton and Williamson (2003) are the
first to have conducted an empirical analysis on the determinants of migration in
Africa. Their study underlines the importance of the wage gaps between sending
and receiving regions as well as demographic booms in the low-wage sending re-
gions in explaining net migration within Sub-Saharan Africa. While taking into
account economic and political determinants of migration, their study does not
account for a potential environmental push factor that may be important in de-
termining African migration. The articles that look into part of this question are
Barrios et al. (2006, 2010). In their 2006 article, the authors find that climate
change in Sub-Saharan Africa leads to displacement of people internally. How-
ever, our theoretical model predicts further effects from climate change, namely
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that changes in urban wages provide motivation for international migration, too.
Theoretically, increased urbanization following climate change is likely to miti-
gate the impact of the climatic phenomenon on international migration.

Though most previous studies only proxy climate change by changes in rain-
fall (Barrios et al., 2006, 2010), it is also well-known that a significant part of
climate change in Sub-Saharan Africa is related to increases in temperature. Even
small changes in temperature can very often be decisive for whether a region is
semi-arid like Italy or arid like Namibia. Dell et al. (2008) show that the detri-
mental impact of climate change on economic performances is mainly driven by
annual variations in temperature. Therefore, our aim here is to look specifically at
both temperature and rainfall variations which provide a fairly complete picture
of the true extent of climate change (IPCC 2007).

Our results are as follows. When we study the effect of climatic variables
on international migration directly, we are unable to retrieve a robust and signifi-
cant effect of climate change on international migration. However, guided by the
theoretical model, we study the indirect effects of climate change on wages and
urbanization, both of which the theoretical model predicts to be the main vari-
ables that drive international migration decisions. We find that climate change is,
especially for agriculturally-dominated countries, an important determinant for
international migration over the period 1960-2000. Our interpretation of the em-
pirical results in the light of the theoretical model are as follows. We find that
a worsening of climate change leads to a lower wage. This induces migration
into the cities since cities are generally not directly (or as severely as rural areas)
affected by climate change. Increases in urban centres lead to agglomeration ex-
ternalities. However, a worsening climate change also (indirectly) induces lower
urban wages. We find that, overall, the reduction in the wages outweighs the
benefits of urban concentrations (or agglomeration forces) and, therefore, climate
change induces out-migration.

This chapter is organized as follows. Section 3.2 introduces the theoretical
framework. Section 3.3 presents the empirical results of our study. Section 3.4
concludes.

3.2 A theoretical framework

In this section, we introduce a simple theoretical model that helps in motivating
the modeling choices in the subsequent empirical analysis. The model is used as a
roadmap to understand the impact of climate change on migration flows. Our aim
is to build a simplified model that is able to describe the motivations underlying
the link from climate change to rural-urban and urban-international migration,
allowing for direct effects, agglomeration effects and wage effects.

In the following framework, a change in any variable xt over time is denoted
by ẋt, the derivative by a subscript. For presentation purpose, the subscript t is



3.2. A THEORETICAL FRAMEWORK 63

dropped. We assume that there exist two types of workers, the so-called home
workers and internationally-mobile workers. A mass 1 of home workers may
work in the rural sector or in the urban sector. These workers are mobile across
sectors but they cannot migrate to another country. A share L ∈ [0, 1] constitutes
home workers who work in the urban sector, while 1−L work in the rural sector.
There are N ∈ [0, 1] workers that only work in the urban sector but are mobile
across countries. We call them international workers as they have the ability to
move across countries.

There are two sectors, the rural sector with production technology
Y a(A(c), 1− L) and the urban sector with Y u(N + L,B(N)). Both productions
exploit decreasing returns to scale in labor. Climate change, denoted by c > 0, is
assumed to negatively affect total productivity in the rural sector. We take capital
and knowledge as given and being encompassed in the total factor productivities.
Both sectors price competitively and prices in each sector are given. The rural
sector produces according to wa(1 − L,A(c)) = pa ∂Y a

∂(1−L)
=, with wa1−L < 0,

wac < 0 and limL→1w
a = ∞. The optimal wage in the urban sector is given

by wu(L + N,B(N)) = pu ∂Y
u

∂L
, with wuL < 0,wuN < 0. While the first part of

wu reflects the total amount of workers active in the urban sector, the second part
stands for a Marshallian externality on productivity that arises from labor sharing,
input-output linkages or information (Duranton and Puga, 2004). Besides the dif-
ferences in sectoral and cross-country mobility, international workers differ from
the home workers as they are the only ones to generate such externalities. It repre-
sents agglomeration effects.3 Home workers compare their wages across sectors
and international workers migrate in case they obtain higher wages elsewhere.
Within this framework, home workers then decide to move from the rural to the
urban region according to

L̇ = wu(L+N,B(N))− wa(1− L,A(c)). (3.1)

Thus, the amount of home workers that work in the urban sector increases if the
wage in the urban sector is higher than in the rural one.

As for international migration, we assume that international workers compare
their wage at home with the wage of the country they intend to migrate to, denoted
by w∗(1 − N); and a direct climate effect, given by g(c), with gc > 0. We
assume that workers that migrate have a negative impact on the other country’s
wage, such that w∗1−N < 0. The term g(c) assumes that climate change also
has a direct impact on the internationally-mobile workers through a change in
the amenity value of the home climate. For Sub-Saharan Africa, we expect such
amenities to reflect non-market pure externalities induced by climate change such

3Functional forms consistent with these assumptions are, e.g., Y a = A(c)(1−L)α, α ∈ (0, 1),
A(c) > 0 with A′(c) < 0, where A denotes total factor productivity in the agricultural sector that
is negatively affected by climate change, represented by c > 0. Also, Y u = B(N)(L + N)β ,
where BN > 0 is the marginal effect of N on the Marshallian externality, β ∈ (0, 1) is the
elasticity of labor.
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as poor environmental quality, possible spread of diseases like malaria, denge and
meningitis and consequently increasing numbers of deaths (World Bank, 2010).

Thus, workers from the urban region migrate internationally according to

Ṅ = wu(L+N,B(N))− w∗(1−N)− g(c). (3.2)

As such, international workers migrate if the net international wage exceeds the
wage they would otherwise obtain in the urban sector at home or if the direct
effect is very strong.

Assumption 1 We assume that (1) limL→0w
a(1−L,A(c)) < w∗(1−N)+g(c);

(2) wu(L, 0) > w∗(1) + g(c); and (3) wu(L+ 1, 1) < w∗(0) + g(c).

The first part of this assumption basically means that, if all home workers were to
stay in the rural sector, then the international wage must be higher than the rural
wage. If it were lower, then there would be no reason for moving into the urban
sector and we would see a corner solution in L. The second and third parts of
the assumption simply require the national wage to be sufficiently responsive to
international migration. All three conditions are very weak and straight-forward.

We are now ready to study this rather intuitive model of climate change in-
ducing rural-urban and urban-international migration.

Proposition 1 At equilibrium, a stronger climate change induces international
migration through rural-to-urban migration.

Proof 1 We assume that Ṅ = L̇ = 0. Combining then (3.1) with (3.2) gives the
equilibrium conditionw∗(1−N)+g(c) = wa(1−L, c). Sincew∗(1−N)+g(c) >
0, by Assumption 1 and limL→1w

a = ∞, then there exists an interior solution
in L. Taking now the interior solution of L as given, then Assumption 1 also
assures an interior solution in N . Deriving the climate change’s impact on the
equilibrium locational decisions gives us

dL

dc
=

wac (w
u
N + w∗1−N)− gcwuN

wuNw
a
1−L + w∗1−N(wuL + wa1−L)

> 0, (3.3)

dN

dc
=

gc
wuN + w∗1−N

− wuL
wuN + w∗1−N

dL

dc
< 0. (3.4)

Thus, climate change increases rural-to-urban migration as well as urban-to-
international migration.

The next proposition derives the equilibrium dynamics of this model.

Proposition 2 The system of equations (3.1) and (3.2) has an asymptotically sta-
ble equilibrium point {L̄, N̄}.
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Proof 2 By Proposition 1 we know that there exists an interior equilibrium so-
lution in L and N that we denote as {L̄, N̄}, where {L̄, N̄} solves Ṅ = 0 and
L̇ = 0. We derive the Jacobian around the steady state {L̄, N̄}. This is given by

J
∣∣∣∣
(L̄,N̄)

=

[
wuL + wa1−L wuN

wuL wuN + w∗1−N

]
,

The trace is trJ = wuL+wa1−L+wuN +w∗1−N < 0 and the determinant is detJ =
wuNw

∗
1−N + wa1−L(wuN + w∗1−N) > 0. Since the eigenvalues are given by

λ1,2 =
1

2

(
trJ ±

√
(trJ )2 − 4 detJ

)
,

we know that either both eigenvalues are negative or complex with negative real
part. Thus, the equilibrium point {L̄, N̄} is asymptotically stable. Disregarding
complex dynamics for simplicity, this implies that λ1 < 0 and λ2 < 0.

As a consequence, we know that, given a change in the climatic conditions, both
L and N will converge to a unique, interior steady state.

The storyline that we suggest here is capturing what we believe to be the
most reasonable underlying decision processes for climate-induced migration de-
cisions. Figure 3.1 illustrates the migration mechanisms graphically. Assume we
are at the equilibrium point {L,N}, and now the climatic conditions in the send-
ing country worsen, such that dc > 0. This has two immediate effects. Firstly,
the wage in the agricultural sector shrinks, thus shifting the wa curve down. This
brings forth incentives for rural-urban migration. At the same time, there is a di-
rect effect from the amenity value of the environment which induces incentives
for urban-international migration. However, due to the inflow of home workers
into the urban sector, the wage in the urban sector decreases (per unit of N ), and
therefore the curve wu shifts down. Due to the Marshallian externality, this ef-
fect is not as pronounced as it otherwise would be. This gives further incentives
for urban-international migration. International factor price equalization is then
achieved via two channels. International migration has a positive effect on in-
ternational wage via agglomeration forces and a negative effect via decreasing
returns to scale to labor. Conversely, the urban wage will raise, as shown by the
shift of the wu curve in the left panel. Given assumption 2, the later effect will
dominate the former, leading to a decrease in the foreign country’s wage. We thus
arrive at a new equilibrium point that is given by {L′, N ′}.

Simple comparative statics furthermore suggest that a stronger agglomeration
effect would flatten the curve wu and thereby diminish the change in international
wages. Without the direct effect of the amenity value of climate, the curve w∗(1−
N)+g(c) would not shift up and therefore international migration would be lower.
Similarly, with little international migration, the curvewu in the left part of Figure
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Figure 3.1: Rural-urban and international migration

a. Rural sector b. Urban sector

3.1 would shift up by less, the effect being a lower amount of sectoral migration.4

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

We, firstly, derive the effect of climate change on urbanization. We here define
urbanization as ψ = (L+N)/(1 +N).

Proposition 3 Climate change increases equilibrium urbanization if the direct
effect is small enough and agglomeration forces are sufficiently weak.

Proof 3 Since urbanization is defined as ψ = (L + N)/(1 + N), then we can
easily calculate

dψ

dc
=

1 +N

(1 +N)2

dL

dc
+

1− L
(1 +N)2

dN

dc
.

Substituting for dN
dc

, assuming gc → 0, gives

dψ

dc
=

1

(1 +N)2

(1 +N)(wuN + w∗1−N)− (1− L)wuL
wuN + w∗1−N

dL

dc
.

Then (1 +N)(wuN + w∗1−N)− (1− L)wuL < 0 implies dψ
dc
> 0.

4The direction of the changes presented here rests crucially on the assumption that wuN < 0.
If agglomeration forces were stronger than the diminishing returns to labor in production, then it
could be possible that some effects are reversed. However, it seems rather natural for us to assume
that wages are more responsive to migration than to agglomeration effects. This is also what we
confirm in the subsequent empirical analysis.
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This result may be explained as follows. Since climate change induces rural-urban
migration, then the subsequent decrease in the urban wage will induce interna-
tional migration. As a consequence, we see an increase in urbanization, since
both the number of inhabitants decreases and the number of home workers in the
rural sector decreases. This holds unless the direct effect of g(c), the amenity
effect, is too strong or if the residual of wuN −wuL, representing the effect of N on
the agglomeration externality, is too large.

The next proposition derives a direct effect.

Proposition 4 The direct effect of climate change leads to out-migration.

Proof 4 The direct effect is given by the effect of g(c) on N only. By equation
(3.4), this effect is negative.

Therefore, the stronger the effect of climate change on the amenity value at home,
the more will internationally-mobile workers be inclined to migrate abroad. We
dub this the direct effect since it explains how climate change affects migration
directly without going through other variables like urbanization or wages.

Our final proposition is related to a country’s exposure to climate change. We
define a country that is depending on one sector as one where that sector produces
a relatively larger share of GDP.

Proposition 5 The more depending a country is on the agricultural sector, the
stronger the impact of climate change on migration.

Proof 5 From the profit functions we know that a higher c implies a lower Y a

versus Y u. Furthermore, from equation (3.3) we know that L at steady state is
increasing in c. From equation (3.4), the proposition thus follows.

This result seems rather intuitive. Take any country whose GDP is highly exposed
to climate change, then one will also see a larger impact of climate change on the
country that is more exposed. This exposure term might be very low for countries
that are more urbanized and thus whose production is mostly independent of cli-
mate change, like the manufacturing sector. It could, however, also be very large
for those countries that are very dependent on the agricultural sector and where
thus even small changes in the climate might lead to a significant exposure of a
large share of GDP.

This framework is, admittedly, very simplified. For example, Greenwood and
Hunt (1984) already emphasized the self-reinforcing and cumulative nature of
migration phenomena. It has also been established that migrants move with their
demands and can affect consumer prices (Saiz, 2007; Lach, 2007) as well as
profitability of locally provided goods and services. In addition, migrants can
also constitute complementary factors in the production of the receiving coun-
tries and strengthen agglomeration economies (Ottaviano and Peri, 2010). We,
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furthermore, did not allow for changes in prices, (costly) trade in goods or firm
re-allocations, and introduced agglomeration effects as well as consumer surplus
considerations in a somewhat stylized way.

To address these admittedly complex issues we developed a general equi-
librium model of rural-urban-international migration, with two sectors and two
countries, mobile workers and firms, as well as flexible prices and agglomera-
tion effects. The model is a New Economic Geography (NEG) model based on
the work by Picard and Zeng (2005). Due to its complexity we decided to only
present a reduced form model here that, nevertheless, is able to capture the im-
portant interplays between climate change and rural-urban-international migra-
tion. The NEG model is presented in Appendix A. In the NEG model, we show
that adding these complexities, while allowing for various kinds of endogeneities,
would not fundamentally alter the results that we established above.

3.3 Empirical analysis
Since Todaro (1980) and the review of Yap (1977), it has become standard in the
literature to relate, in an aggregate migration form, the migration rate to changes
in expected income and to changes in the degree of urbanisation. We will not de-
part from this tradition (Taylor and Martin, 2001). However, Propositions 1, 3 and
4 of our theoretical framework not only point to the direct (via amenities) impact
but also to the indirect (via income and urbanization) channels through which cli-
mate change could affect international migration. The theoretical model and its
discussion also shed light on possible risks of endogeneity. As discussed above,
the self-reinforcing and cumulative nature of migration makes economic wealth
and the level of urbanisation potentially endogenous variables. Therefore, we de-
velop a three-equation model, with one equation for the net migration rate, one for
GDP per capita and a last one for the level of urbanization. We collect a dataset of
43 Sub-Saharan African countries with yearly data from 1960-2000 (T=41). This
cross-country panel data consists of variables on migration, variables describing
the climatic characteristics, the economic and demographic situations, as well as
several country-specific variables. The country list can be found in Table 3.2 in
Appendix B. Our three-equation model is formulated as follows:

MIGRr,t = β0 + β1 CLIMr,t + β2 (CLIMr,t ∗ AGRIr) + β3

̂
log

(
GDPpcr,t

GDPpc−r,t

)
+ β4

̂log(URBr,t) + β Xr,t + βR,t + βr + εr,t (3.5)

log

(
GDPpcr,t

GDPpc−r,t

)
= γ0 + γ1 CLIMr,t + γ2 (CLIMr,t ∗ AGRIr) + γZr,t + γR,t + γr + εr,t

log(URBr,t) = θ0 + θ1 CLIMr,t + θ2 (CLIMr,t ∗ AGRIr) + θZr,t + θR,t + θr + εr,t
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This baseline model suggests that MIGRr,t, which represents average net
migration rates, can be explained by a set of climatic variables CLIMr,t; by per
capita GDP (GDPpcr,t) as a proxy for domestic wage; by the foreign per capita
GDP, i.e. average per capita GDP in the other SSA countries weighted by the dis-
tance to country r (GDPpc−r,t); by the share of the urban population (URBr,t) as
well as by a vector of control variables (Zr,t), described below. As suggested by
Propositions 1 and 3, we also allow climate change to affect international migra-
tion indirectly through its effect on per capita GDP and the level of urbanisation.
Proposition 5 also invites us to assess, via the introduction of interaction terms,
(CLIMr,t ∗ AGRIr), the differentiated impact of climatic variables in countries
whose economies largely depend on the agricultural sector. In all equations, we
also control for any time-constant source of country heterogeneity by the use of
a country fixed effect αr and for phenomena common to all countries across time
through the introduction of time dummies, αt. We also follow Dell et al (2008) in
introducing a time-region fixed effect, αR,t, thus controlling for the importance of
changes in the regional patterns of migration in Sub-Saharan Africa (Adebusoye,
2006).

3.3.1 Variables description
Data are collected from several sources (see Table 3.3 in Appendix B) to compute
the variables introduced in equation (3.5). Descriptive statistics are provided in
Table 3.4.

• MIGRr,t: The net migration rate is defined as the difference between
immigrants and emigrants per thousands of population, corrected by net
refugee flows (see below). Typically research on international migration
uses bilateral data on migration inflows to analyze migration into developed
countries. However, such data is barely available for developing countries
and particularly difficult to obtain for Africa. The reason is that cross-
border migration in Sub-Saharan Africa is poorly documented (Zlotnik,
1999).5 Thus we do not use directly observable data for international mi-
gration. Therefore, as Hatton and Williamson (2003), we rely on net migra-
tion flows, provided by the US Census Bureau, as a proxy for cross-border
migration. 6 Moreover, as Hatton and Williamson (2003) we account for

5Directly observable cross-border migration data for Africa can be found in the United Nations
Demographic Yearbooks and in the ILO’s International Migration Database, but the number of
entries are very scarce.

6This data consists of residuals from a demographic accounting methodology rather than di-
rectly registered migration flows and is available for the 1960-2000 period. Still, our dataset still
shows an important number of missing observations. In order to deal with the lack of bilateral
migration data and to control for possible spatial dependency introduced by such data constraint,
we exploit spatial weighting matrices in order to capture the influence of some variables in neigh-
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refugees, who are driven by non-economic factors and included in the net
migration estimates. To do so we subtract the refugee movement from the
net migration rate. The refugee movement, expressed per thousand of the
country’s population, is constructed by taking the difference between the
change in the stock of refugees living in a country and the change in the
stock of refugees from that country living elsewhere.

• CLIMr,t: Climatic variables should capture the incentives induced by cli-
mate change to migrate. In line with the climatology literature (see for
example, Nicholson, 1986, 1992; Munoz-Diaz and Rodrigo, 2004), we use
anomalies in precipitations and in temperature. The anomalies are com-
puted as the deviations from the country’s long-term mean, divided by
its long-run standard deviation. Like Barrios et al. (2010), we take the
long-run to be the 1901-2000 period and write the climate anomaly CLIM,
which represents either rainfall anomaly (RAIN) or temperature anomaly
(TEMP), as follows

CLIMr,t =
CLIMlevel,r,t − CLIMLR

level,r

σLRr (CLIM)
(3.6)

where CLIMlevel,r,t stands for the level of either rainfall or temperature of
counrty r in year t, and CLIMLR

level,r and σLRr (CLIM) are country r’s mean
value and standard deviation, respectively, in rainfall or temperature over
the long-run reference period. As pointed out by Barrios et al. (2010),
anomalies allow one to eliminate possible scale effects and take account
of the likelihood that for the more arid countries variability is large com-
pared to the mean (Munoz-Diaz and Rodrigo, 2004). The long-term mean
should give some idea of the “normal” climatic conditions of a particular
region. Anomalies thus describe any particular year of climatic conditions
in terms of the departure from this normal. Although the anomaly trans-
formation provides a partial correction to year-to-year fluctuations, widely
used in economics, we should acknowledge that climatic deviations (even
compared to the normal conditions) may differ from the -broadly defined-
climate change phenomenon. Response to a permanent climate change may
trigger larger population movements. We will test the robustness of our re-
sults to alternative climatic variables, including the use of lagged values.
However, our baseline results and the predictions presented in section 3.3.3
are likely to provide lower-bound estimates.

Our theoretical model suggests that rainfall and temperature anomalies af-
fect the incentives to migrate as follows. Firstly, we expect that a suffi-
ciently strong climate change reduces agricultural wages and also provides

boring countries. In line with the seminal work of Ravenstein (1885) on the role of distance in
migration flows, such a weighting also constitutes a way to take into account the costs of migration
across borders, which should be positively correlated with distance (Clark, 1986).
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an incentive for home workers to move into the cities. Obviously, the larger
the dependency on agricultural production (e.g. for a larger rural popula-
tion), the more important is this channel. The large agricultural dependency
of many Sub-Saharan countries (agricultural population in Africa is around
60% of total population, according to FAO estimates) would suggest that
this effect may be very important to account for. Kurukulasuriya et al.
(2006) estimate a substantial impact from climate change on agricultural
productivity in Africa (see also Maddison et al. (2007)). We also expect
a direct impact of the climatic variables reflecting changes in the amenity
value of the home climate or pure externality effects.

• GDPpcr,t: GDP per capita is used as a proxy for the domestic wage.
A comparison with the “foreign” wage should reflect an individual’s eco-
nomic incentives to migrate. We expect climate change to have a detrimen-
tal effect on domestic wage, which, in turn, should increase the incentives
to leave the country. In the tables, we use the short-hand notation y for this
variable.

• GDPpc−r,t: Foreign GDP per capita proxies the “foreign” wage. The
wage outside country “r” is measured as average GDP per capita in
the other countries of the sample weighted by a distance function∑N

s=1 f(dr,s)wages,t, where f(dr,s) = 1/(dr,s)
2. 7 In the tables, we use

the short-hand notation yF for this variable.

• URBr,t: Urban population is defined as the ratio of urban to total popula-
tion in each country. Given the results of our theoretical model as well as
those in Barrios et al. (2006), we are well aware that the size of the urban
population is likely to be endogenous to wages, climate change and several
control variables. An increase in urbanization should theoretically increase
the incentives to further migrate as migrants move with their income and
strengthen agglomeration forces. This is what is usually referred to as the
home market effect (Krugman, 1991).

• Zr,t: Our baseline regression includes a basic set of control variables. The
occurrence of war seeks to capture the political motivations to migrate.
Data on the number of internal armed conflicts (WAR) are used. This is
particularly relevant in the case of Africa where internal conflict had been
by far the dominant form of conflict since the late 1950s (Gleditsch et al.,

7Although Head and Mayer (2004) warn us against giving a structural estimation to this proxy,
the “foreign” wage could be interpreted as the Real Market Potential introduced by Harris (1954).
It is unfortunately not possible to proceed to the Redding and Venables (2004) estimation of the
real market potential on the investigated period, given the lack of bilateral trade data availability
before 1993 (Bosker and Garretsen, 2008). We use distance data from the CEPII (Mayer and
Zignago, 2006), and more specifically the simple distance calculated following the great circle
formula, which uses latitudes and longitudes of the most important city (in terms of population).
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2002). We expect a negative sign, as war should lead to out-migration.
Forced migration is undeniably an important feature of migration in Africa.
Between the early 80’s and the mid 90’s, Africa hosted 30% to 45% of
the world total refugee stock. The number of refugees in Africa has in-
creased from 1960 to 1995, but due to resolution of conflicts, important
repatriations were made possible since the 1990’s. Nevertheless, refugees
accounted for an important share of the total migrant stock in Africa pass-
ing from 25% in 1980, to 33% in 1990 and to 22% in 2000 (Zlotnik, 2003).8

We also follow Hatton and Williamson (2003) in introducing four country-
specific policy dummies. For example, Hatton and Williamson (2003) sug-
gest to control for the large expulsion of Ghanaian migrants by the Nigerian
government in 1983 and 1985.

• Time-regional dummies are introduced using the grouping described in the
Table 3.2 in the appendix. This should capture the regional pattern of mi-
gration underlined by several authors. In fact, across-border migration in
Sub-Saharan Africa is not distributed evenly across regions. In 2000, 42%
of the international migrants in Africa lived in countries of Western Africa,
28% in Eastern Africa, 12% in Northern Africa, and 9% in each Middle and
Southern Africa (Zlotnik, 2003:5). Moreover, trans-boundary migration oc-
curs often among countries of the same region, as regions have their own
attraction poles and economic grouping, e.g. the Economic Community of
West Africa States, the Southern African Development Community and the
Common Market of East and Southern Africa (Adebusoye, 2006). Surveys
of the population aged 15 years and older carried out showed that, in 1993,
92% of all the foreigners in Ivory Coast, which is a main attraction pole
for migrants in the region, originated from seven other countries in Western
Africa (Zlotnik, 1999).

Figures 3.2 and 3.3 plot net migration rate against respectively rainfall and
temperature anomalies for the 43 Sub-Saharan African countries of the sample
over the period 1960-2000. Temperature is on an increasing track whereas rainfall
exhibits a decreasing pattern, indicating that Sub-Saharan Africa is experiencing

8Given the fact that migration data incorporate refugee figures, we do not follow Hatton and
Williamson (2003) in introducing net numbers of refugee flows as an explanatory variable. It
would generate an obvious endogeneity problem due to the simultaneity between this additional
variable and the dependent variable. We prefer to substract the net refugee flows directly from
our dependent variable. Still, we will show that results are not fundamentally changed when
we follow Hatton and Williamson (2003) approach. Our estimation also differs from the one of
Hatton and Williamson (2003) in the sense that we include a country fixed effect while their paper
uses a Pooled Ordinary Least Squares (POLS) estimation. A Chow test unambiguously confirms
the presence of an unobserved (time-constant) effect that could threaten the consistency of the
POLS estimation by introducing an endogeneity bias. The F version of the Hausman tests also
unambiguously support the use of a FE estimation, given the fact that a Random Effect model
appears to be inconsistent.
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strong climate change. Moreover, Barrios et al. (2006) stress that rainfall in Sub-
Saharan Africa remained constant during the first part of the 20th century until
the 1950s, peaking in the late 1950s and being on a clear downward trend since
that peak. While climatic variables indicate clear trends, average net migration
does not. Thus, judging purely based on correlation, it is difficult to state whether
net migration rate and rainfall/temperature anomalies move together. Further-
more, our identification strategy exploits year-to-year variations of temperature
and rainfall anomalies within countries that cannot be observed in the averaged
series of Figures 3.2 and 3.3.

Given the relatively long time period used, the non-stationary nature of our
variables may be a point of concern, leading to possible spurious relationships.
Using unit root tests extended to panel data by Maddala and Wu (1999), Table 3.5
presents results of Fisher tests on the dependent and the explanatory variables.
Such Fisher tests have the advantage to be most appropriate when the panels are
not balanced, to allow for cross-sectional dependency and to be more powerful
than other panel unit root tests (Levin et al., 2002; Im et al., 2003). The tests
show that all series are stationary at any reasonable level of confidence.

3.3.2 Results

The direct channel

Columns (1)-(3) in Table 3.6 are estimated by means of a pooled estimation. We
first use this method as it is likely to capture the long-term relationship between
our explanatory variables and net migration rates in Sub-Saharan Africa, provided
standard assumptions are fulfilled (see also Hatton and Williamson (2003)). Re-
gressions (1) and (2) of Table 3.6 start by introducing the environmental, politi-
cal and economic incentives to migrate, without any reference to our theoretical
framework. We also correct our standard errors for heteroskedasticity and serial
correlation. Using Pooled Ordinary Least Squares estimation (POLS), models (1)
and (2) show that neither rainfall nor temperature seem to affect the incentives
to migrate.9 Moreover, in model (3) we introduce an interaction term between
the climatic variables and an “agricultural” dummy (AGRI), which as in Dell et
al. (2009) equals 1 for an above median agricultural GDP share in 1995.10 At
least two reasons motivate the choice of such an explanatory variable. First, our
theoretical model suggests that the effect of climate change should be conditional
on an exposure term, where a more dominant agricultural sector in the national
economy implies a larger exposure. Second, this interaction term corresponds
to the common sense view that agriculture-dependent countries will be particu-

9For consistency reasons, we also include temperature and rainfall anomalies separately, but
the effect of these climatic variables remains insignificant.

10We follow Dell et al. (2008, footnote 10) in using 1995 data for agricultural share because
data coverage for earlier years is sparse.
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larly vulnerable to climate variability (Collier et al., 2010; World Bank, 2010).
In regressions (1)-(3), climate change appears not to affect net migration flows
in neither of the three POLS regressions. The dummies proposed by Hatton and
Williamson (2003) are significant and capture the policy-induced expulsion of
Ghanaian migrants by the Nigerian government.

Nevertheless, it is well known that our POLS estimation may suffer from an
endogeneity bias due to unobserved heterogeneity among the countries of our
sample. For example, this would be the case if a long tradition of labor migra-
tion (Adepoju, 1995) affects the dependent variable and the GDP per capita ratio
variable but does not follow the regional patterns captured by our regional-time
dummies. A more promising approach is to get rid of the possible presence of a
(time-constant) unobserved effect by using a fixed-effects estimation (FE). Unlike
the POLS estimations, the FE models indicate that economic incentives have an
effect on migration behavior, since as expected, domestic per capita GDP turns
out to affect net in-migration positively. However, as reported in regressions (4),
(5) and (6) of Table 3.6, and even when introducing further lags in regressions (7)
and (8), climatic variables do not seem to have an impact on migration.

The indirect channel

It would, however, be hasty to conclude from this that climate change does not
impact migration behavior. For example, we consistently find that the GDP per
capita ratio determines migration (see FE models in Table 3.6). At the same
time, climatic variables are known to affect GDP per capita as shown in Bar-
rios et al. (2008) and Dell et al. (2009). Although no direct effect from climate
change to migration is identified, our theoretical framework also suggests that
climate change may indirectly affect migration through wages in the home coun-
try. Furthermore, our theoretical model also points to a possible endogeneity
bias threatening the economic variables. Despite the introduction of region-time
dummies which are likely to capture some time-specific and time-region-specific
events, we might be in trouble if an unobserved effect is both country-specific and
time-variant. For example, the reputation of migrants or the presence of people
with the same nationality could accumulate over time and be specific to some
countries. There is some evidence of what is called the “friends and relative”
argument, i.e. the fact that migrants are attracted to locations to which they al-
ready have some relations (see Hatton and Williamson, 2003). Assume that the
presence of migrants from the same nationality would negatively affect GDP per
capita, it means that our estimates might be biased downward. Another source
of time-varying unobserved effect could result from some form of “selective” mi-
gration policy introduced both in terms of skills and countries of origin by some
OECD countries. Such factor could impact GDP per capita and potentially af-
fect migration through another channel than these economic variables. Also, a
causal interpretation could be problematic given the potential simultaneity prob-
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lems that threaten the estimation of some variables. Although empirically the
causality from migration to wages is at best weak, we cannot neglect this pos-
sibility.11 Our theoretical framework clearly points to a potential simultaneity,
since migrants affect the production in the receiving countries, and thereby alter
relative wages in both the country of origin and the destination country.

One approach to deal with this simultaneity issue is by resorting to instru-
mental variables in order to deal with unobserved and time-varying effects in a
fixed effect framework that copes with unobserved time-constant and time-region
heterogeneity. One of the difficulties is to find a valid instrumental variable that
will not affect net migration rate by another channel than the potentially endoge-
nous variable. In Table 3.7, GDP per capita is instrumented with the absolute
growth in money supply. The relevance of this candidate rests on the importance
of monetary variables in determining GDP variation. Although the channels of
transmission remain a subject of debate, the symposium in the Journal of Eco-
nomic Perspectives (1995, 9 (4)) gives evidence for a strong association between
monetary tightening and a fall in output. Our first-stage regressions confirm that
a decline in the growth of money is statistically associated with a fall in GDP
per capita. A decrease by a standard deviation in money growth should reduce
relative GDP per capita by about 11%. Our results in regressions (9) and (10)
confirm the way climatic variables affect the economic incentives to migrate. In
agriculturally dominated country, rainfall and temperature anomalies increase the
incentives to leave the country, through the indirect channel of a change in GDP
per capita compared to neighboring countries.

Given the agglomeration effect underlined in our theoretical model, we may
also suspect the urbanization variable to be equally threatened by an endogene-
ity bias. In regressions (11), (12) and (13), we show results under overidenti-
fying restrictions by introducing two additional instruments. We use a dummy
indicating whether a country experienced the two first years of independence, as
well as the interaction of this variable with a dummy that takes the value one if
that country has been colonized by the UK colonial power. According to Miller
and Singh (1994)’s catch-up hypothesis and consistent with the results of Bar-
rios et al. (2006), restrictions on internal movements during colonial times have
been followed by a strong urbanization flow after independence.12 This has been

11Among others, Card (1990), Friedberg and Hunt (1995), Hunt (1992), and also Ottaviano
and Peri (2010) cannot find empirical evidence supporting this causal link. With the exception of
Maystadt and Verwimp (2009) who study the issue in the particular context of refugee hosting, no
similar assessment has been undertaken in the African context.

12Hance (1970, p.223) documents that restrictions on movements to the cities under colonial
regimes greatly explain the low urban levels of less than 10% in the three main Eastern African
countries (Ethiopia, Somalia and Kenya). According to Njoh (2003), colonial authorities worked
fervently to discourage Africans from living in urban areas. Governments in colonial Africa, and
South Africa during the apartheid era, crafted legislation to prevent the rural-to-urban migration
of native or indigenous Africans. The covert goals of this policy were to preserve the “white”
character of the cities and keep the black population in the rural areas. As reported by Roberts
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particularly the case in former British colonies whose administration favored the
establishment of new colonial urban centers (Falola and Salm, 2004). Although
Figures 3.2 and 3.3 do not seem to depict a different trajectory in net migration in
the years where most African countries became independent, we cannot exclude a
priori the possibility that state independence has affected cross-border migration
by another channel than rural-urban migration. However, using three instruments
with two endogenous variables allows us to test the exogenous nature of these
instruments (overidentification test). Beyond the reasonable nature of the overi-
dentifying restrictions, statistical tests support our confidence in the validity of
these instrumental variables. The Hansen overidentification test fails to reject the
null hypothesis of zero correlation between these instrumental variables and the
error terms, while the Kleibergen-Paap rk LM statistic is also fully satisfying. As
shown in regression (13), we cannot reject with more confidence than a 80% level
the risk of weak identification. As suggested by Angrist and Pischke (2009), we
therefore test the robustness of the results under overidentifying restrictions to the
Limited Information Maximum Likelihood (LIML) estimator. Regression (14)
indicates that our results are unaltered with the LIML estimator and that we can
reject the null hypothesis of weak instruments. In regressions (15), (16) and (17),
we also follow Angrist and Pischke (2009) in checking the robustness of our re-
sults to a just-identified estimation. Just-identified 2SLS is indeed approximately
unbiased while the LIML estimator is approximately median-unbiased for overi-
dentified models. When just-identified estimation is implemented, results do not
change whether the dummy for the first two years of independence is introduced
as an exogenous explanatory variable or not.

We present the main results of this chapter in Table 3.7. As predicted by
the theoretical model we find a robust and significant effect of the climatic vari-
ables on wages (proxied by relative GDP per capita). Furthermore, Sub-Saharan
African countries that have a large agricultural sector are particularly vulnera-
ble. In regressions (11) and (15), temperature anomalies have a negative impact
on the GDP per capita ratio. The interaction term of rainfall anomalies and the
dummy for above-median agricultural added value (AGRI) has the expected pos-
itive sign. Given the significant and positive coefficient of the GDP per capita
ratio in the second stage of the estimation procedure (see (13), (14) and (17)),
climate change increases the incentives to migrate out of one’s country of origin,
particularly in countries that are highly dependent on the agricultural sector. Re-

(2003) “colonial relationships between core countries and their dependencies set the stage for
differences in urbanization among less-developed countries. In the colonial situation, provincial
cities often served mainly as administrative and control centers to ensure the channeling for export
of minerals, precious metals or the products of plantations and large estates; but wealth and elites
tended to concentrate in the major city. When countries became independent and began to indus-
trialize, it was these major cities that attracted both population and investment. They represented
the largest and most available markets for industrialists producing for the domestic market. They
also were likely to have the best infrastructure to support both industry and commerce in terms of
communications and utilities.”
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gressions (13) and (17) also indicate a direct and negative impact of temperature
anomalies in agriculturally-dominated countries. This suggests the existence of
environmental non-economic (non-market) pure externalities that exacerbate the
incentives to move to another country.

In line with Barrios et al. (2006), climate change proxied by an increase
in temperature anomalies strengthens the urbanization process in agriculturally-
dominated countries. Given the role of agglomeration economies, such an ur-
banization boost constitutes an attraction force for international migrants. This
is consistent both with empirical studies on the role of urbanization in attract-
ing migrants (Head and Mayer, 2004) and more descriptive evidence on the im-
portance of international migrants in African cities (Beauchemin and Bocquier,
2004). Given its positive and significant coefficient in the second-stage of the re-
gressions, urbanization softens the impact of climate change on international mi-
gration. This is consistent with the mechanism described in our theoretical frame-
work where decreased rural wages lead to fiercer urban concentration, while in
turn, stronger agglomeration forces provide incentives for in-migration. Section
3.3.3 discusses which channels outweigh for international migration and provides
local estimates of the effect of climate change on international migration.

Tables 3.8 and 3.9 show the robustness of our results, when rainfall and tem-
perature anomalies are introduced separately in our estimation procedure. Table
3.10 presents other robustness checks. For comparability reasons with Hatton and
Williamson (2003), regressions (36) to (38) replicate the over-identified estima-
tion of Table 3.7 without subtracting the net refugee flows from the migration
rate but introducing them as an explanatory variable. Since now the dependent
variable incorporates the movement of refugees, the net refugee flows (NetREF)
exhibit a positive coefficient which is close to 1. Although it unduly increases the
risk of endogeneity, our results are unaltered by this inclusion. Moreover, Hatton
and Williamson (2003) point out that demographic pressure is an important deter-
minant of international migration. We introduce such a demographic variable in
our specifications (39) to (41) with the lagged value of population density, which
is significant and affects net migration negatively. In addition, our main results
remain valid. However, potential endogeneity issues induced by the introduction
of population density require to be cautious with this specification. Finally, we
test the robustness of our findings to an alternative definition of our variables of
interest. Regressions (42) to (44) indicate that similar results are obtained when
rainfall and temperature are expressed in levels rather than in anomaly terms. The
same results are obtained when the levels are transformed into logarithm.

Lastly, several robustness checks are not reported but can be obtained on re-
quest. In addition to treating net refugee flows like Hatton and Williamson (2003)
in regressions (36) to (38), we also replace the dependent variable by the net
refugee flows. Our results are not valid anymore. This is actually consistent
with environmental-induced movers as being accounted as migrants and not as
refugees (see footnote 2). Second, our results are unaltered when alternative def-
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initions are adopted for our explanatory variables. For the climatic variables, in
addition to the robustness shown in regressions (42) to (44), the inclusion of a
foreign-defined version or of lagged values for climatic variables does not change
our main results. Nevertheless, these additional variables are far from being sig-
nificant. Results are also robust to alternative definitions for the GDP per capita.
Replacing GDP per capita by the GDP per worker, using the Chain transforma-
tion instead of the Laspeyres index in the real terms transformation, or exploiting
alternative weights in the spatial decay function to compute the foreign wage do
not change the main results of the chapter. Finally, one should note that the co-
efficients of the Hatton and Williamson (2003) dummies are significant in Tables
3.6 and 3.7 and of similar magnitude. However, the inclusion of the four dum-
mies suggested by Hatton and Williamson (2003) does not constitute a necessary
condition for our main results.

3.3.3 Discussion
Overall, our results suggest that climate change raises the incentives to migrate to
another country. In this section we shall derive a tentative estimation of climate-
induced migration flows in Sub-Saharan Africa. We first compute the migration
flows induced by climatic variations over the period 1960-2000. Subsequently,
we provide an estimate of the change in migration flows due to predicted changes
in climatic variables for the 21st century. The following formula gives the average
of the annual migration flow over the period 1960-2000, µ1960−2000(MIGR), due
to variations in rainfall and temperature:

µ1960−2000(MIGR) = APERAIN µ1960−2000(RAIN) + APETEMP µ
1960−2000(TEMP)

where µ1960−2000(RAIN) and µ1960−2000(TEMP) are the average rainfall and tem-
perature anomalies, respectively, over the period 1960-2000. The average partial
effects (APE) of rainfall anomalies and of temperature anomalies on net migra-
tion combine the direct effect and the indirect effects via the GDP per capita ratio
and the level of urbanization of climate change. We use for this computation the
most precise results of regressions (11)-(13) of Table 3.7.

Applying this formula and relying on the observed climate changes in the 43
countries of our sample yields that 0.016% of the Sub-Saharan African population
living in the countries most exposed to climate change (i.e. highly dependent
upon the agricultural sector), was displaced on average each year due to changes
in temperature and precipitations during the second half of the 20th century (see
first column of Table 3.12). This estimate corresponds in net figures to 64,000
individuals having been displaced on average every year due to changing climatic
factors over the period 1960-2000, i.e. a total of about 2.55 million people.13

13Relying on the same regressions, an increase in temperature anomalies and a decrease of
rainfall anomalies by their respective standard deviations (corresponding to 0.6 ◦C and 144 mil-
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Such a figure may seem rather low. However, this number corresponds to 24% of
the total net migration in Sub-Saharan Africa over that period and, given the net
nature of our dependent variable, it certainly represents a lower bound estimation.

Such a minimum figure also paves the way for dramatic consequences given
the changes in climate expected in Sub-Saharan Africa. To give a rough estimate
of the possible consequences of further climate change on migration flows in Sub-
Saharan Africa, we can make use of the IPCC climate projections, which provide
predictions of the change in regional temperature and precipitation between the
periods 1980-1999 and 2080-2099. The future change in net migration flows
due to predicted climate variations, ∆MIGR, can be computed by adopting the
following strategy:

∆MIGR = APERAIN (∆RAIN) + APETEMP (∆TEMP) (3.7)

where a change in any variable V refers to the change between the average
value of V over the period 2080-2099 and the average over the period 1980-
2000, ∆V = µ2080−2099(V) − µ1980−1999(V). ∆RAIN and ∆TEMP are thus fu-
ture changes in climate variable anomalies. The average future rainfall anomaly,
µ2080−2099(RAIN), is given by the difference in the average rainfall level during
period 2080-2099 and the one over the long-run period, µLR, divided by the long-
run standard deviation, σLR, in the rainfall level:

µ2080−2099(RAIN) =
µ2080−2099(RAINlevel)− µLR(RAINlevel)

σLR(RAINlevel)
.

The rainfall level during the period 2080-2099 corresponds to the average level
during the period 1980-1999 plus the future changes in the rainfall level as pre-
dicted by the IPCC:

µ2080−2099(RAINlevel) = µ1980−2000(RAINlevel) + ∆RAINIPCC
level.

The future change in temperature anomalies, ∆TEMP, is calculated in an ana-
loguous way. We can then compute the additional net migration flows induced
by future climate change via equation (3.7) and by using our preferred estimates
in regressions (11)-(13) of Table 3.7 for the APE’s and the IPCC predictions
for ∆RAINIPCC

level and ∆TEMPIPCC
level (see Table 3.11 for climate predictions under

various scenarios).
According to our results, an additional 0.14% to 0.37% of the Sub-Saharan

African population will be induced to migrate annually due to varying weather
conditions towards the end of the 21st century (see columns 2 to 4 of Table 3.11).
Further climate change should then lead every year to an additional net exodus
of 0.7, 1.3 and 1.8 million individuals in respectively the best, median and worst

limeters in levels, respectively) would result yearly in about 166,000 environmental migrants in
net terms or, over the period 1960-2000, in 6.6 million environmental migrants living in the coun-
tries most exposed to climate change (i.e. highly dependent upon the agricultural sector).
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climate change scenarios (i.e. the IPCC’s most optimistic, medium, and less op-
timistic climate change scenarios).14 Table 3.13 ranks the countries of our sam-
ple according to highest additional net out-migration expected by future climate
change in the median scenario of the IPCC projections. It also offers the variation
in yearly net migration for the worst and best climate changes, and also as a com-
parison, the yearly average net migration induced by observed climate variations
over the period 1960-2000 for every country in the sample.

We also construct two maps illustrating the observed and predicted impacts
of climate change on net migration flows. Such a mapping gives an idea of the
potential centripetal process induced by environmental migration. While there
has been a long tradition of migration to the coastal agglomerations in Africa
(Adepoju 2006), coastal areas could experience a significant proportion of their
population fleeing toward African mainland due to climate change by 2099. In
West Africa, Benin, Ghana, Guinea, Guinea-Bissau, Nigeria and Sierra Leone
may be among the most affected countries. In Eastern Africa, Kenya, Madagas-
car, Mozambique, Tanzania and Uganda may constitute a cluster of sending coun-
tries of environmental migrants. In Southern Africa, Angola and Botswana could
become important sources of environmental migrants while Congo and Gabon
could also be pointed out in Central Africa. Without jumping too quickly to pre-
dictive conclusions, such a centripetal pattern of flows could warn about some
potential destabilizing effects. On the one hand, massive population movements
could speed up the transmission of epidemic diseases such as e.g. malaria (Mon-
talvo and Reynal-Querol, 2007) in areas where the population has not yet devel-
oped protective genetic modifications (Boko et al., 2007). On the other hand, the
expected move towards mainland Africa where population density has been rec-
ognized as a factor enhancing conflict could become a major geopolitical concern;
for instance, North-Kivu in Congo, Burundi (Bundervoet, 2009), Rwanda (Andre
and Platteau, 1998), and Darfur (Fadul, 2006). Naturally, such consequences re-
main to be theoretically and empirically proven in order to be more affirmative on
the relationship between migration flows and conflict onset.

14The IPCC provides projections on the change in regional temperature and precipitation be-
tween the periods 1980-1999 and 2080-2099. Table 3.11 shows the best, median and worst long
term climate changes in terms of temperature ( ◦C) and precipitation (%) for 4 African regions
(Saharan, Western, Eastern and Southern Africa). These changes stem from differences between
the 1980-1999 period and the 2080-2099 period. To obtain these predictions, the IPCC relies on a
multi-model data set which makes use of information from all available realisations for the 1980
to 1999 period and plots the evolution of projected changes for a specific scenario for the period
2080-2099. The best, median and worst cases - representing the 25%, 50% and 75% quartile
values for changes in temperature ( ◦C) and the 75%, 50% and 25% quartile values for changes in
precipitation (%) - are reported based on 21 models (Christensen et al., 2007, p.854). Since cli-
matic predictions by the IPCC are based on realizations over the period 1980-1999, we computed
the impact on net migration of a change in climatic variables with respect to the average climatic
situation over the period 1980-1999. The predicted net numbers of migrants are calculated based
on the average population over the period 1980-2000.
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3.4 Conclusion

Climate change certainly ranks as one of the most pressing issues of our times.
However, very few evidence has been provided regarding one of its most often
heard consequences, namely human migration. In this chapter we propose a theo-
retical framework able to feature rural-urban and international migration as a con-
sequence of climate change. We then collect a new dataset for African countries
and use the results of our theoretical work as guidance for an empirical analysis
of the impact of climate change on international migration.

Our initial regressions show that climate change does supposedly not affect
international migration. However, the theoretical model predicts that climate
change should work its way into international migration through rather subtle
channels which, if not correctly studied, would make one believe the results of
the initial regressions. When taking account of those subtle channels, we find that
the results from the theoretical model have proven to be important in helping to
understand which channels one has to study in order to assess the climate’s impact
on international migration.

These channels are as follows. Firstly, the theoretical model predicts that cli-
mate change will lead to lower wages, particularly if the effect of climate change
on agricultural production is sufficiently strong. This will then induce agricultural
workers to move into the cities in order to find work. Climate change is therefore
a key determinant of urbanization. Such a rural-urban flow, by decreasing the ur-
ban wage, magnifies the incentives of the internationally mobile worker to move
to another country. However, our theoretical framework provides a peculiar role
to urbanization. Due to agglomeration economies, the increase in equilibrium
urbanization tends to mitigate the impact of climate change on international mi-
gration.

Accounting for those subtle channels, our three-equation model shows that
climate change has a significant and robust impact on average wages. We then
find that wages are robust and significant determinants of international migration.
We also obtain that climate change directly affects international migration, re-
flecting possible pure externality effect of climate change. This result therefore
supports the works by Barrios et al. (2010) and Dell et al. (2009), who show that
climate change bears an important impact on GDP per capita. Second, we observe
that climate change increases incentives to move to the cities. Such a channel of
transmission is consistent with Barrios et al. (2006) who show that climate change
in Africa displaces people internally. We also find that urban centres represent an
attraction force, thus urbanization softens the impact of climate change on inter-
national migration.

Overall we conclude that a minimum of about 2.55 million people would have
migrated between 1960 and 2000 due to climate change in Sub-Saharan Africa.
We then predict the impact of climate change on the future rates of migration in
Sub-Saharan Africa. Our main results are that, in Sub-Saharan Africa towards the
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end of the 21st century, every year roughly 1.3 million inhabitants will move as
a consequence of climate change, representing roughly 0.26 per cent of the total
population.

This definitely imposes serious challenges for policy makers. After all,
African countries account for only approximately 5% of world emissions, sug-
gesting that climate change is nearly exclusively driven by the developed world.
This externality thus imposed on the Sub-Saharan countries requires international
attention based on equity and fairness criteria. On the African side, a focus should
be given on improving adaptation to such a phenomenon. As argued by Collier
et al. (2010), policies aiming at making crops less sensitive to climate change is
the most obvious policy recommendation. Easing the market reallocation from
agriculture to manufacturing sectors and emphasizing the absorption role of ur-
ban areas will also reduce the social costs of climate change. However, our chap-
ter also qualifies the market-oriented solution promoted by Collier et al. (2010).
Specific policies easing the factor absorption capacity at national level or com-
pensation mechanisms at supra-national level should help countries in dealing
with the human capital depletion that threatens some of the most affected coun-
tries. Our predictions also warn us about possible consequences in terms of health
and security that such population movements could have on their hosting nations.
Provided one is concerned about the security consequences of environmental mi-
gration, strengthening the buffering role of urban centres may constitute a policy
option. In that respect, reducing congestion costs and improving transport infras-
tructure may enhance the absorption capacity of agglomeration centers.

That being said, our analysis also faces some limitations. First of all, the
nature of our data, and, in particular, the dependent variable expressed in net
terms, makes the interpretation of our results somehow difficult. Improvement in
migration statistics would certainly pave the way for a more straight-forward in-
terpretation of the results. Another option could be to study the phenomenon for
a single country for which observable data on migratory movements is available.
Second, further research would be needed to better capture the differentiated im-
pact of a permanent climate shock compared to year-to-year climatic fluctuations
(even compared to the normal conditions like with the anomaly transformation).
Third, our chapter is a first attempt to understand environment-based internal and
international migrations in a common framework of analysis. On the theoreti-
cal side, endogenizing the type of migration chosen by those affected by climate
change could constitute a way forward in our understanding of the phenomenon.
In this regard, incorporating coping strategies adopted by households facing cli-
mate change such as risk diversification could be another path worth investigating.
Empirically, this would require to work with more detailed data, allowing to dis-
tinguish different migratory behaviors and eventually, to take the household as the
main unit of analysis.
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3.5 Appendix A : Alternative (NEG) theoretical
framework

The theoretical framework presented in section 3.2 is very simplified. We did
not allow for changes in prices, (costly) trade in goods or firm re-allocations. We
propose below a general equilibrium model of rural-urban-international migration
that would be able to model these complexities, while sharing a common structure
with our baseline model.

Motivational background for the alternative model
There are few models that study the interplay between climate change and inter-
national migration. Though there exists a variety of models that deal with interna-
tional migration and various kinds of shocks from a source or sending country’s
perspective, we only know one study that analyzes climate change and interna-
tional migration. This study is based upon a dynamic North-South model of inter-
national migration from climate change (Marchiori and Schumacher, 2009). It is,
however, unsuitable for our purpose, since it abstracts from the important agricul-
tural sector in Africa. Since we also wish to take into account the interaction of
countries and various feedbacks, we can not simply resort to a source country’s or
sending country’s point of view. Furthermore, standard migration models such as
Harris and Todaro (1970) cannot describe at the same time the internal capacity of
each country to adjust to climate change and the potential resulting migration as
well as the interrelationship between the two. A class of models which is able to
deal with simultaneous interactions between countries are the new economic ge-
ography (NEG) models. NEG models combine a general equilibrium framework
with geographical characteristics to study spatial variations of economic activi-
ties. Here we shall modify a model by Picard and Zeng (2005), since this model
allows to distinguish between the decisions taken by agents in both agricultural
and manufacturing sectors, firms’ actions, the effect on prices and incomes as
well as the subsequent effects of migration decisions. Migrants are assumed to
move with their wealth, which again has repercussions on the demand and supply
markets. One of the main advantage of this model is the departure from the tra-
ditional assumption of a costless to trade agricultural good which has up to then
only played a residual role in NEG models (Combes et al., 2006, chapter 6). Since
the agricultural sector is particularly affected by climate change, our alternative
approach will be to extend the Picard and Zeng (2005) model by allowing for the
effect of country-specific climate change on agricultural productivity. It is clear
that the effect of climate change is never uniform across countries but hits one
country stronger than another due to its geographical nature. We therefore model
climate change as affecting countries asymmetrically. Our small changes lead to
important differences for agglomeration and dispersion forces. Due to its analyti-
cal complexity we decide to present a somewhat simplified outline with the main
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intuitions here.

The alternative model
The model consists of two countries, labeled r and s, holding together L skilled
workers and 2A unskilled ones. Similar to Forslid and Ottaviano (2003), the
skilled workers are mobile between countries but can only work in the manufac-
turing sector while the unskilled workers could work in both sectors but are immo-
bile between countries. There are λL skilled workers in country r and (1 − λ)L
skilled ones in country s. Consumers maximize their utility of manufacturing
goods, qm(i), agricultural goods, qra and qsa, and a numeraire good, q0, subject to
a budget constraint as follows

U(q0, qm, qa) = αm

∫ N

0

qm(j)dj − βm − γm
2

∫ N

0

qm(j)2dj − γ

2

[ ∫ N

0

qm(j)dj

]2

+αa(qa(r) + qa(s))−
βa − γa

2

[
qa(r)

2 + qa(s)
2
]
− γ

2
[qa(r) + qa(s)]

2 + q0

subject to∫ N

0

pm(j)qm(j)dj + pa(r)qa(r) + pa(s)qa(s) + q0 = y + q̄0.

As in Picard and Zeng (2005), α measures the intensity of preferences for the
different products whereas β − γ > 0 measures the preferences towards variety
of manufacturing or agricultural goods. We define a0 = αa

βa+γa
, ba = 1

βa+γa
, ca =

γa
(βa−γa)(βa+γa)

, am = αm
βm+(N−1)γm

, bm = 1
βm+(N−1)γm

, cm = γm
(βm−γm)(βm+(N−1)γm)

.
Similar to Ottaviano et al. (2002), we follow Picard and Zeng (2005) and adopt
a quasi-linear utility form, allowing for decreasing elasticity of demand. From
the maximization, we can derive the demand for agricultural and manufacturing
goods as well as the consumer surpluses for given prices in country rand s.

In both countries there are two sectors, the agricultural sector and the man-
ufacturing sector. Both types of goods are tradable internationally but this trade
is costly. In line with the majority of the empirical observations, we assume that
the direct impacts of climate change take place in the agricultural sector only
and that both countries are affected asymmetrically. This should be rather in-
tuitive. Two countries seldomly share the same characteristics. For example,
Kenyan production of flowers will be differently affected from increased rain-
fall than Zimbabwe’s production of tobacco, Lesotho’s production of maize and
Somalian production of coffee.

The manufacturing sector produces varieties i ∈ [0, N ] at increasing returns
to scale and under monopolistic competition. The firms need fixed inputs of φm
skilled workers and φa unskilled ones. The profit maximization of the manufac-
turing firms in country r (an equivalent expression holds for country s) therefore
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becomes

Πr
m = prrmq

rr
m (A+ λL) + (prsm − τm)qrsm [A+ (1− λ)L]− φmwrm − φawra,

where prrm refers to the price of the manufacturing goods produced in country
r and sold in country r, and τm is the transportation cost of the manufacturing
firms. From the profit maximization with respect to prices and using the fact
that manufacturing firms make zero profits, we obtain the prices as a function of
quantity demanded.

Agricultural firms produce at constant returns to scale and employ unskilled
workers. Each worker produces one unit of output, and there exists one vari-
ety in each country. We furthermore assume that country r is adversely affected
by climate change, which reduces the productivity of a worker by 1 − ρ with
ρ ∈ (0, 1). In terms of intuition, one can assume that climate change produces
either droughts or a larger variability in meteorological conditions that lead to a
destruction of 1 − ρ percent of the harvest.15 For example, Barrios et al. (2006)
show that diminished rainfall towards the end of the 20th century has led to a re-
duction of up to 32 percent of agricultural production in Africa relative to the rest
of the world. Dell et al. (2008) found that in poor countries (mainly Sub-Saharan
countries), a 1 ◦C rise in temperature in a given year reduces growth in agricul-
tural output by 2.37 percentage points. We obtain the market clearing conditions
for each variety as ρ(A− λNφa) = qrra (A + λL) + qrsa [A + (1− λ)L] for coun-
try r and A − (1 − λ)Nφa = qsra (A + λL) + qssa [A + (1 − λ)L] for country s,
where market clearing in the skilled labor market implies L = φN . Arbitrage will
equalize the prices in both countries up to the transportation costs, τa. Combin-
ing these conditions with the demand functions from the consumer maximization
gives us the equilibrium prices of agricultural varieties. Then, perfect competi-
tion in the agricultural sector implies that wages equal prices, discounted by the
productivity-detrimental effect of climate change (ρ).16

Since manufacturing firms are generally located in the city, the unskilled
workers can either work in the city or in the village. This leads to equal wages
for unskilled workers both in the city and the village (up to some amount of shoe-
leather costs which we assume is zero here). Since firms compete for manufactur-
ing labor, this implies that the manufacturing workers receive the residual profit
of the firms. Thus, if agricultural wages rise, so will the wages of the unskilled
workers in the city, which then leads to a reduction in the skilled workers’ wages.

15Similar results are found when the agricultural sector has two factors, land and labor and
when climate change is assumed to deteriorate land productivity.

16The definition of the agricultural wage sheds some light on the ambiguous effect of climate
change on the agricultural wage in this alternative model. Given wa = pa(ρ)ρ and hence, δwa

δρ =
pa(ρ) + ρ δpa

δρ , the increasing price effect of climate change on the agricultural wage is counter-
balanced by the decreasing effect due to the fall in production. As we will see, the dominance of
one effect on the other will depend on the level of agricultural transport costs which determine
how much the price effect can be softened by the imports of agricultural goods produced in the
other country.
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We assume that skilled workers and firms are mobile across countries,
whereas unskilled workers are only mobile within a country.17 Since unskilled
workers do not relocate internationally but only choose their type of work, they
decide on the sector simply depending on the maximum wage. In comparison,
skilled workers will face different prices and wages depending on the country
they choose to work in and they relocate depending on indirect utility compar-
isons. They compare their indirect utility in country r, V r, with that in country s,
V s. Since all skilled workers do this, the changes in the share of mobile workers
is given by dλ/dt = V r − V s, where λ refers to the share of skilled workers
in country r and 1 − λ is that of country s. If the indirect utility in country s
thus exceeds that in country r, then λ will decline over time, which implies more
manufacturing workers in country s. We can derive the components of V i, which
consist of income in the manufacturing sector, wim, the consumer surplus from
the agricultural goods, Sia, and the manufacturing goods, Sim. We can thus write
V r−V s = Sra−Ssa+Srm−Ssm+wrm−wsm. We will now show that there are direct
effects from climate change, which only work through the consumer surplus; and
there are indirect effects, which work through changes in wages.

Combining the equilibrium prices and the equilibrium demand functions gives
us the consumer’s differential of net surplus of agricultural varieties at equilib-
rium.

Sra−Ssa = τa

[(
(1−λ)−λ

)Nφa + (ba + 2ca)Lτa
2A+ L

]
−τa(1−ρ)

A− φaNλ
2A+ L

. (3.8)

The new term in relation to Picard and Zeng (2005) is the last one, which vanishes
if ρ = 1. The consumer surplus from the agricultural sector has two main compo-
nents, one is a simple price effect and the other is the impact of climate change on
the rural population. The more firms there are in country r, the less workers will
work in the agricultural sector which raises the prices of the agricultural goods
of country r. Furthermore, the less manufacturing workers there are in country
s, the lower will be the demand in country s which diminishes the relative price
of country s’s agricultural goods and both effects diminish the relative consumer
surplus of country r. In addition, we have the climate change effect, captured by
the last term in equation (3.8). We dub this the direct exposure effect. We find that

d(Sra − Ssa)
dρ

=
τa(A− φaλN)

2A+ L
.

The larger the rural population in country r and the stronger the impact of climate
change in country r, the smaller will be the consumer surplus in country r since

17This assumption is necessary for obtaining an interior solution in migration. Relaxing this
assumption (i.e., unskilled are also internationally mobile) would result in full agglomeration (λ =
1). Contrary to what is suggested in Collier et al. (2010), we would then also disregard possible
sectoral re-allocation and hence, the softening role played by urbanization on the relationship
between climate change and international migration.
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total supply of agricultural goods will be reduced. We can therefore expect a
positive incentive to relocate out of the country with a stronger direct exposure
effect.

The consumer surplus from the manufacturing sector is

Srm − Ssm = Nτm
(
λ− (1− λ)

)(bm + cmN)2(am − bmτm/2)

(2bm + cmN)2
, (3.9)

which is equivalent to Picard and Zeng. The consumer surplus from the manufac-
turing goods bears no direct impact from climate change (only through the alloca-
tion decisions of the manufacturing workers) and captures what the literature calls
the home market effect. The larger the home market in country r relative to coun-
try s (i.e. λ− (1−λ) > 0) the higher is the incentive for migration into country r.
This effect has been well-explained by Picard and Zeng (2005): Since manufac-
turing workers move with their demand, a higher demand leads to higher prices
and thus higher profits in the manufacturing sector, which are directly transferred
to the manufacturing workers. A higher demand leads to more firms moving into
country r, which leads to more competition and a deflation of prices in country
r. Obviously, a higher income in country r increases the incentive for migration
into country r again, which thus leads to an agglomeration spiral. The mathemat-
ical alternative model therefore suggests that the manufacturing consumer surplus
differential is mainly a function of the difference in the size of the manufacturing
sector at home and abroad.18

We can easily show that the wage differential of the skilled workers is a de-
creasing function of the wage differential of the unskilled, wra − wsa. The wage
differential of the unskilled is given by

wra − wsa =
−L

2A+ L

[
1− (1 + ρ)λ

ba + 2ca

φa
φm

+ (1− 2λ)τa

]
+

1− ρ
2A+ L

[
τa
(
A+ (1− λ)L

)
− aaba

(
2A+ L

)]
+

1− ρ
(ba + 2ca)(2A+ L)

[
(ba + ca)

(
A(1 + ρ)− ρλNφa

)
− ca(1− λ)Nφa

]
.

The additional terms which derive from our asymmetric climate change impact
are the last ones and the result reduces to Picard and Zeng (2005) for the case of
no climate change when ρ = 1.

The manufacturing wages are the residual profits after the agricultural wages
are paid, hence climate change impacts manufacturing wages through the agricul-
tural wages. If the agricultural prices increase significantly from climate change

18This however crucially depends on the size of transportation costs. For sufficiently high
agricultural transportation costs (τa > τ̃a), we can show that the home market effect is always
positive. However, for values below that threshold (τa ≤ τ̃a), the home market effect may be
positive or negative. It is negative for intermediate values of the manufacturing transportation
costs. In that case a larger home market in country r would lead to dispersion of the manufacturing
sector.
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(e.g. the supply of agricultural goods is strongly diminished, which would hold
under sufficiently high agricultural transportation costs), then agricultural wages
increase, where arbitrage then leads to a rise in the wages of the rural population
working in the manufacturing sector. Since stronger climate change also leads to
a reduction in the agricultural consumer surplus, we find that both effects imply an
outwards migration. On the other hand, if climate change diminishes the agricul-
tural workers’ wages, which would hold under a strong impact of climate change
on production that cannot be compensated for by imports, then the agricultural
wages diminish which induces a reduction in the wages of the rural population
that are working in the city, too (since agricultural workers will try to find jobs in
the city). Thus, the profits of the manufacturing sector increase, which increases
manufacturing wages. Net migration then depends on the relative strength be-
tween the effect of climate change on wages and on the agricultural consumer
surplus.

Main results and predictions
This alternative theoretical model predicts three cases that we relate to previous
empirical results.

Under sufficiently large agricultural transport costs, climate change increases
the agricultural wage (since the price increase outweighs the production decrease)
which leads the unskilled in the city to move into the agricultural sector which re-
duces the level of urbanization. This increases the wage given to the unskilled
workers in the manufacturing sector. Therefore, the wage of the skilled work-
ers should decrease and hence give an incentive to the skilled agent to move out.
The reduction in the agricultural consumer surplus (the indirect exposure effect)
enforces the outwards migration. In summary, under Case 1, climate change in-
duces out-migration, a reduction of urbanization will be followed by an increased
number of people leaving the country.

Table 3.1: Summary of theoretical predictions of the alternative model

Effect of climate change (↘ ρ)

Case 1 ∆+wra ⇒ ∆−wrm & ∆−Sra ⇒ Out-migration

Case 2 ∆−wra ⇒ ∆+wrm < ∆−Sra ⇒ Out-migration

Case 3 ∆−wra ⇒ ∆+wrm > ∆−Sra ⇒ In-migration

If agricultural transport costs are below a sufficiently high threshold then cli-
mate change leads to decreased agricultural wages. This induces unskilled to
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migrate into the city, which reduces the unskilled wages in the manufacturing
sector. Therefore, it increases the nominal wage of the skilled workers. However,
the decrease in the agricultural consumer surplus is stronger than the increase in
wages. In this case, climate change induces out-migration. In summary, Case 2
predicts that climate change induces out-migration and an initial increase in the
level of urbanization will be followed by emigration. Both the direct exposure
effect and the indirect one have a negative impact on net migration.

Under low agricultural transport costs (compared to the manufacturing trans-
port costs), climate change leads to decreased agricultural wages and unskilled
wages in the manufacturing sector. Therefore, it increases the nominal wage of
the skilled workers. The change in consumer surplus is not enough to compen-
sate for these agglomeration forces. In this scenario, Case 3 predicts that climate
change induces in-migration, with a negative indirect exposure effect and a rela-
tively small direct exposure effect.

To some extent, our empirical analysis would allow us to discriminate between
the possible relationships between climate change and net migration predicted by
the alternative model, as summarized in Table 3.1. Finding that climate change
induces out-migration rejects case 3 against the other two scenarios. In fact, both
cases 1 and 2 predict that climate change increases the incentives to migrate out of
country r but on different grounds, as climate change would impact differently on
the agricultural wage. Identifying this transmission channel allows us to discrim-
inate between these two scenarios. The fact that empirically, climate change has
a negative impact on GDP per capita suggests that our results are consistent with
case 2, against case 1. According to case 2, climate change leads to an internal
displacement of workers from the countryside to the city. This would be consis-
tent with Barrios et al. (2006), who found that climate change affects urbanization
positively. Case 2 would also indicate that agricultural costs are not so high that
climate change induces upward pressure on wages in the agricultural sector. We
are well aware that transport costs are high in Africa. According to Yeats and
Amjadi (1999), these costs are still a significant multiple from those in the US.
Similarly, Redding and Venables (2004) find that African countries score lowest
in terms of access to markets and sources of supply. Case 2 only implies that
agricultural costs are below the theoretical threshold, allowing for agglomeration
economies to play a significant role in Africa.

To conclude, our empirical results are consistent with the case 2 predicted
by this alternative and more complex NEG model, conditional on the existence
of intermediate transport costs. However, as we cannot fully test the predictions
that fundamentally rest on the relative importance of transport costs, we keep this
theoretical model as a robustness check of the theoretical predictions provided by
a much simplified theoretical framework.
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3.6 Appendix B : Figures and tables

Table 3.2: Countries

Regions Countries
Central Burundi, Cameroon, Central African Republic, Chad, Congo Brazzaville,

Congo Kinshasa, Gabon, Rwanda
East Comoros, Djibouti, Ethiopia, Kenya, Madagascar, Mauritius, Somalia, Sudan,

Tanzania, Uganda
South Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia, South Africa,

Swaziland, Zambia, Zimbabwe
West Benin, Burkina Faso, Cape Verde, Côte d’Ivoire , Gambia , Ghana, Guinea,

Guinea Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra
Leone, Togo

Figure 3.2: Rainfall and net migration in Sub-Saharan Africa
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Table 3.3: Variable definition and sources

Main Variables
CODE Definition Characteristics Source

MIGR Net migration flows Difference between numbers of immigrants
and emigrants per thousands of population
from 1960 to 2000, on a yearly basis, cor-
rected by the refugee movement

US Census Bureau and United Na-
tions High Commissioner for Refugees
(2007b)

RAIN Rain Anomalies deviations from the country’s long-term
mean, divided by its long-run standard de-
viation

Inter-Governmental Panel on Climate
Change (IPCC)

TEMP Temperature Anomalies deviations from the country’s long-term
mean, divided by its long-run standard de-
viation

Inter-Governmental Panel on Climate
Change (IPCC)

y/yF GDP per capita over GDP
per capita in other African
countries weigthed by the
distance. To build this ra-
tio, we excluded from the
numerator the country for
which there was a missing
value for GDP per capita,
and thus correspondingly
also excluded its distance
to country r in the de-
nominator. (This is to
keep the sum of rows in
the weighting matrix equal
to 1, see Anselin (2002)).
The distance function used
is f(d) = 1/d2, where d
is distance of other coun-
tries to country r.

available 1960-2000 Income per capita from Penn World Ta-
bles and World Bank data and data for d
originates from CEPII (Mayer and Zig-
nago, 2006).

WAR war onset 1 for civil war onset. Fearon and Latin (2003).
WARF War onsets in other coun-

tries weigthed by distance
Value between 0 and 1; war onsets in another
sub-Saharan African country weigthed by a
distance function.

Fearon and Latin (2003) and CEPII.

URB Urban population Share of urban population in total population The World Bank (2006), World Devel-
opment Indicators.

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

Dummy variable The World Bank (2006), World Devel-
opment Indicators for agricultural value
added.

∆ Money Money plus Quasi-Money Absolute growth in money supply, available
1960-2000

Robert Bates’ Economic Database.

New State Independence 1 if country is in the two first years of inde-
pendence, available 1960-2000

Fearon and Latin (2003).

POPden Population density People per square meter, available 1960-
2000

Robert Bates’ Database.
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Table 3.4: Descriptive statistics

Mean Std Dev
MIGR 0.2027329 9.107758
RAIN -0.3725303 0.9753199
TEMP 0.1261775 0.3015741
RAIN*AGRI -0.1587426 0.6488798
TEMP*AGRI 0.0375402 0.1580582
RAINlevel 1047.974 575.128
TEMPlevel 24.45858 3.362689
log(y/yF ) -1.173281 0.8193508
RURAL (%) 28.18197 14.56722
RURAL (log) 3.178692 0.617918
AGRI 0.4357542 0.4962019
WAR 0.0349162 0.1836959
WARF 0.0311319 0.0595563
MIGRa 0.1348045 21.0891
NetREF -0.0679285 18.90949
POPden 66.05771 109.3193
Money Supply 0.0254964 0.1319774
New State 0.0041899 0.0646392
New State UK 0.0055866 0.0745865

MIGRa stands for net migration rate without the correction for the refugee movement.

Figure 3.3: Temperature and net migration in Sub-Saharan Africa
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Table 3.5: Panel unit root test (Maddala and Wu, 1999)

Variable Panel Unit
Root Test

MIGR(all) 540.531***
MIGRa 471.344***
RAIN 304.494***
TEMP 272.7366***
RAIN*AGRI 147.143***
TEMP*AGRI 104.518*
WAR 169.1671***
WARF 501.557***
Log(URB) 171.481***
Log(y/yF ) 192.325***
∆ Money 108.742**
NetREF 514.185***

* significant at 10%; ** significant at 5%; *** significant at 1%.
MIGRa stands for net migration rate without the correction for the refugee movement.

Fisher statistics are given by the test of Maddala and Wu (1999).
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Table 3.6: Basic regressions

Regression (1) (2) (3) (4) (5) (6) (7) (8)
Models POLS POLS POLS FE FE FE FE FE
SE robust robust robust robust robust robust robust robust
Dep. var. MIGR MIGR MIGR MIGR MIGR MIGR MIGR MIGR
RAIN 0.156 0.150 1.166 0.260 0.333 1.411 0.336 1.430

[0.907] [0.964] [1.078] [1.056] [1.073] [1.474] [1.075] [1.496]
TEMP 0.0584 -0.0201 -0.882 1.133 1.237 0.487 1.978 1.242

[1.483] [2.199] [3.174] [2.940] [2.963] [3.941] [2.938] [3.737]
RAIN*AGRI -2.524* -2.681 -2.774

[1.338] [1.599] [1.675]
TEMP*AGRI 2.914 2.293 1.958

[5.510] [5.328] [7.206]
RAIN−1 -0.396 -0.841

[0.657] [0.782]
TEMP−1 -1.986 -2.085

[2.464] [2.109]
RAIN−1*AGRI 1.205

[1.079]
TEMP−1*AGRI 1.164

[5.001]
log(y/yF ) 1.752 1.694 4.037** 4.408*** 3.875** 4.169**

[1.764] [1.769] [1.598] [1.623] [1.536] [1.635]
log(URB) -1.017 -0.940 -3.050 -4.181 -2.913 -3.686

[2.361] [2.427] [4.889] [5.087] [4.936] [4.862]
WARt−1 1.879 2.128 1.604 1.995 1.644 2.083

[4.695] [4.690] [5.267] [5.234] [5.397] [5.238]
WARFt−1 4.252 4.588 4.684 5.483 4.671 5.779

[4.244] [4.214] [4.497] [4.678] [4.508] [4.617]
Constant -3.622*** -1.700 -0.931 -1.034 8.237 11.66 9.159 9.988

[1.040] [6.124] [6.517] [1.339] [13.18] [13.39] [13.08] [12.78]
HW Dum Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Time Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Obs. 887 887 887 887 887 887 887 887
R2 0.113 0.141 0.147 0.116 0.145 0.149 0.145 0.151

* significant at 10%; ** significant at 5%; *** significant at 1%.
Standard errors are in square brackets. y stands for GDP per capita.
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Table 3.7: Two-stage regressions

Regression (9) (10) (11) (12) (13) (14) (15) (16) (17)

Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
LIML

SE robust robust robust robust robust robust robust robust robust
Stage 1st 2nd 1st 1st 2nd 2nd 1st 1st 2nd

Dependent log(y/yF ) MIGR log(y/yF ) log(URB) MIGR MIGR log(y/yF ) log(URB) MIGR
Variable

RAIN -0.0196 1.306 -0.0194 0.00508 0.177 0.177 -0.0194 0.00501 0.178
[0.0138] [1.139] [0.0143] [0.00772] [0.744] [0.745] [0.0142] [0.00770] [0.744]

TEMP -0.133** 9.820* -0.130** -0.0218 4.965 4.966 -0.130** -0.0218 4.957
[0.0551] [5.746] [0.0578] [0.0303] [3.681] [3.682] [0.0578] [0.0303] [3.678]

RAIN*AGRI 0.0417** -2.635 0.0373* -0.00622 -0.300 -0.300 0.0374* -0.00614 -0.301
[0.0184] [1.604] [0.0191] [0.00945] [0.821] [0.821] [0.0191] [0.00943] [0.819]

TEMP*AGRI -0.191** 8.262 -0.115 0.158*** -11.98** -11.98** -0.115 0.157*** -11.94**
[0.0932] [8.583] [0.0960] [0.0409] [6.051] [6.053] [0.0959] [0.0408] [6.055]

WARt−1 -0.0662 6.256 -0.0647 0.0130 2.307 2.307 -0.0647 0.013 2.309
[0.0872] [8.470] [0.0880] [0.0275] [5.448] [5.448] [0.0880] [0.0274] [5.445]

WARFt−1 -0.186 9.970 -0.164 0.0210 -0.366 -0.365 -0.164 0.021 -0.364
[0.155] [11.71] [0.157] [0.0851] [7.083] [7.084] [0.157] [0.0850] [7.071]

log(y/yF ) 62.57* 16.66*** 16.67*** 16.64***
[31.97] [6.290] [6.294] [6.287]

log(URB) 0.407*** -27.87* 63.08*** 63.10*** 62.86***
[0.0998] [14.46] [23.54] [23.55] [23.57]

Instruments
∆ Money 0.110* 0.120* 0.0862** 0.120* 0.0862**

[0.0626] [0.0650] [0.0338] [0.0650] [0.0338]
New State UK -0.601*** 0.186*** -0.601*** 0.186***

[0.0912] [0.0463] [0.0912] [0.0463]
New state -0.0206 -0.0291

[0.0527] [0.0337]
HW Duma Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Timea Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Observations 750 750 715 715 715 715 715 715 715
Underid test 3.926** 9.745*** 9.745*** 10.24***
Weak id stat 3.103e 7.043c 7.043a 10.41a

P-value Hansen 0.837 0.837
Endo stat 13.90*** 13.90*** 12.57***

* significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors are in square brackets. y stands for GDP per capita. HWdum represent the 4

dummies of Hatton and Williamson (2003) for Ghana and Nigeria for the years 1983 and 1985, Time− region are time-region dummies. a value above 10%

of maximal IV/LIML size, b between 10% and 15% size, c between 15% and 20% size, d between 20% and 25% size, e below 25% maximal IV/LIML size.
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Table 3.8: Two-stage regressions: only temperature anomalies

Regression (18) (19) (20) (21) (22) (23) (24) (25) (26)

Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS LIML FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st 2nd 1st 1st 2nd 2nd 1st 1st 2nd

Dependent log(y/yF ) MIGR log(y/yF ) log(URB) MIGR MIGR log(y/yF ) log(URB) MIGR
Variable

TEMP -0.125** 9.605* -0.124** -0.0232 4.942 4.943 -0.124** -0.0232 4.934
[0.0544] [5.797] [0.0575] [0.0302] [3.685] [3.686] [0.0574] [0.0301] [3.685]

TEMP*AGRI -0.225** 11.01 -0.143 0.161*** -11.68* -11.68* -0.143 0.161*** -11.66*
[0.0909] [9.724] [0.0939] [0.0398] [6.040] [6.041] [0.0938] [0.0398] [6.041]

WARt−1 -0.0589 5.967 -0.0587 0.0124 2.285 2.285 -0.0587 0.0124 2.285
[0.0888] [8.748] [0.0895] [0.0270] [5.493] [5.494] [0.0894] [0.0269] [5.490]

WARFt−1 -0.170 9.450 -0.151 0.0192 -0.415 -0.415 -0.151 0.0192 -0.418
[0.161] [12.34] [0.161] [0.0859] [7.069] [7.070] [0.161] [0.0858] [7.062]

log(y/yF ) 65.19* 16.98*** 16.98*** 16.94***
[34.28] [6.229] [6.231] [6.239]

log(URB) 0.406*** -28.85* 62.81*** 62.82*** 62.68***
[0.0999] [15.46] [23.57] [23.57] [23.60]

Instruments
∆ Money 0.106* 0.118* 0.0864** 0.117* 0.0859***

[0.0629] [0.0662] [0.0334] [0.0660] [0.0332]
New State UK -0.559*** 0.177*** -0.598*** 0.152***

[0.0894] [0.0445] [0.0714] [0.0294]
New state -0.0388 -0.0251

[0.0549] [0.0329]
HW Dum Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Time Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Observations 750 750 715 715 715 715 715 715 715
Underid test 3.695* 5.829* 5.829* 6.254**
Weak id stat 2.832e 7.447c 7.447a 10.92a

P-value Hansen 0.882 0.882
Endo stat 14.04*** 14.04*** 12.63***

* significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors are in square brackets. y stands for GDP per capita. HWdum represent the 4

dummies of Hatton and Williamson (2003) for Ghana and Nigeria for the years 1983 and 1985, Time− region are time-region dummies. a value above 10%

of maximal IV/LIML size, b between 10% and 15% size, c between 15% and 20% size, d between 20% and 25% size, e below 25% maximal IV/LIML size.
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Table 3.9: Two-stage regressions: only rainfall anomalies

Regression (27) (28) (29) (30) (31) (32) (33) (34) (35)

Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS LIML FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st 2nd 1st 1st 2nd 2nd 1st 1st 2nd

Dependent log(y/yF ) MIGR log(y/yF ) log(URB) MIGR MIGR log(y/yF ) log(URB) MIGR
Variable

RAIN -0.0170 1.096 -0.0174 0.00558 0.148 0.148 -0.0175 0.00552 0.148
[0.0141] [1.097] [0.0145] [0.00777] [0.722] [0.722] [0.0145] [0.00775] [0.721]

RAIN*AGRI 0.0518*** -3.059* 0.0441** -0.0142 0.126 0.125 0.0442** -0.0141 0.124
[0.0186] [1.812] [0.0193] [0.00970] [0.817] [0.818] [0.0192] [0.00968] [0.816]

WARt−1 -0.0870 7.362 -0.0814 0.0225 2.069 2.069 -0.0814 0.0225 2.07
[0.0864] [8.524] [0.0869] [0.0262] [5.421] [5.422] [0.0868] [0.0261] [5.416]

WARFt−1 -0.215 11.52 -0.190 0.0332 -0.435 -0.434 -0.19 0.0333 -0.437
[0.162] [12.44] [0.163] [0.0793] [6.735] [6.737] [0.163] [0.0792] [6.723]

log(y/yF ) 61.97** 17.87*** 17.88*** 17.81***
[31.40] [5.922] [5.928] [5.920]

log(URB) 0.360*** -25.19* 55.81*** 55.84*** 55.57***
[0.103] [12.99] [20.05] [20.07] [20.04]

Instruments
∆ Money 0.110* 0.116* 0.0930*** 0.115* 0.0925***

[0.0612] [0.0642] [0.0333] [0.0640] [0.0330]
New State UK -0.700*** 0.235*** -0.725*** 0.207***

[0.0898] [0.0477] [0.0701] [0.0320]
New state -0.0251 -0.0275

[0.0530] [0.0334]
HW Dum Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Time Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Observations 750 750 715 715 715 715 715 715 715
Underid test 3.943** 14.11*** 14.11*** 14.1***
Weak id stat 3.215e 6.235d 6.235a 9.203a

P-value Hansen 0.763 0.763
Endo stat 13.72*** 13.72*** 12.49***

* significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors are in square brackets. y stands for GDP per capita. HWdum represent the 4

dummies of Hatton and Williamson (2003) for Ghana and Nigeria for the years 1983 and 1985, Time− region are time-region dummies. a value above 10%

of maximal IV/LIML size, b between 10% and 15% size, c between 15% and 20% size, d between 20% and 25% size, e below 25% maximal IV/LIML size.
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Table 3.10: Robustness

Regression (36) (37) (38) (39) (40) (41) (42) (43) (44)

Models FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS FE2SLS
SE robust robust robust robust robust robust robust robust robust
Stage 1st 2nd 1st 1st 2nd 2nd 1st 1st 2nd

Dependent log(y/yF ) MIGR log(y/yF ) log(URB) MIGR MIGR log(y/yF ) log(URB) MIGR
Variable

RAIN -0.0189 0.0052 0.161 -0.00638 0.0066 0.0322
[0.0139] [0.00773] [0.741] [0.0142] [0.00766] [0.807]

TEMP -0.136** -0.0232 5.318 -0.156*** -0.0269 6.894*
[0.0580] [0.0304] [3.793] [0.0593] [0.0302] [3.988]

RAIN*AGRI 0.0373* -0.00622 -0.311 0.0274 -0.00762 -0.463
[0.0191] [0.00945] [0.848] [0.0191] [0.00970] [0.917]

TEMP*AGRI -0.109 0.159*** -12.53* -0.0411 0.174*** -12.60**
[0.0959] [0.0411] [6.520] [0.0997] [0.0427] [6.382]

WARt−1 -0.0671 0.0125 2.398 -0.0922 0.00718 4.584 -0.0754 0.0148 2.545
[0.0880] [0.0276] [5.624] [0.0915] [0.0260] [6.311] [0.0860] [0.0271] [5.437]

WARFt−1 -0.153 0.0236 -0.67 -0.252 0.00583 5.612 -0.168 0.0229 -0.0711
[0.156] [0.0841] [7.222] [0.172] [0.0831] [7.491] [0.157] [0.0825] [6.945]

log(y/yF ) 17.38** 28.48*** 18.52***
[6.792] [10.31] [6.807]

log(URB) 65.69** 53.65*** 63.25***
[26.04] [20.10] [23.58]

NetREF 0.000468 0.000112 0.984***
[0.000961] [0.000293] [0.0486]

POPdenst−1 0.00354*** 0.0006 -0.149**
[0.000880] [0.000581] [0.0666]

RAINlevel -0.000204** 4.32E-05 0.00234
[0.000103] [4.38e-05] [0.00459]

TEMPlevel -0.0946** -0.0417 5.950*
[0.0422] [0.0254] [3.043]

RAINlevel*AGRI 0.000283** -7.03E-05 -0.00277
[0.000138] [5.89e-05] [0.00577]

TEMPlevel*AGRI 0.0334 0.115*** -10.92**
[0.0656] [0.0319] [4.422]

Instruments
∆ Money 0.111 0.0840** 0.106* 0.0836** 0.108* 0.0853**

[0.0672] [0.0345] [0.0611] [0.0347] [0.0634] [0.0341]
New State UK -0.602*** 0.186*** -0.349*** 0.224*** -0.687*** 0.235***

[0.0914] [0.0464] [0.0999] [0.0586] [0.0944] [0.0496]
New State -0.0188 -0.0287 -0.0372 -0.0316 -0.0383 -0.0376

[0.0532] [0.0338] [0.0535] [0.0341] [0.0525] [0.0358]
HW Duma Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Region-Timea Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl. Incl.
Observations 715 715 715 715 715 715 715 715 715
Underid test 11.57*** 4.298 12.42***
Weak id stat 5.562d 4.788e 4.698e

P-value Hansen 0.849 0.986 0.818
Endo stat 12.62*** 14.09*** 13.84***

* significant at 10%; ** significant at 5%; *** significant at 1%. Standard errors are in square brackets. y stands for GDP per capita. HWdum represent the

4 dummies of Hatton and Williamson (2003) for Ghana and Nigeria for the years 1983 and 1985, Time − region are time-region dummies. a value above

10% of maximal IV/LIML size, b between 10% and 15% size, c between 15% and 20% size, d between 20% and 25% size, e below 25% maximal IV size.
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Table 3.11: IPCC predicted changes in rainfall and temperature

predicted change in rainfall predicted change in temperature
best median worst best median worst

Saharan 57% -6% -44% 2.6 3.6 5.4
West 13% 2% -9% 1.8 3.3 4.7
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 less optimistic, medium and most
optimistic climate change scenarios, i.e. 75%, 50%, and 25% quartile values for predicted
changes in precipitation (%) and to the 25%, 50%, and 75% quartile values for predicted
changes in temperature (¡C) between the period 1980-1999 and the period 2080-2099.

Source: IPCC (Christensen et al., 2007).

Table 3.12: Climate change induced migration

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

Annual net migration rate (per 1000 of population) -0.16 -1.39 -2.61 -3.69
Annual number of net migrants (average) -63783 -689110 -1297106 -1835208

The table shows the net migration rate and the net number of migrants displaced out of SSA countries
due to climate change for the period 1960-2000 and predictions for the end of the 21st century.
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Table 3.13: Predicted changes in net migration

A. Net Migrants (numbers) B. Net Migrants (per thousand of population)
(1) (2) (3) (4) (5) (6) (7) (8)

2080-2099 1960-2000 2080-2099 1960-2000
Country median best worst Country median best worst
Nigeria -425974 -220031 -618945 -16845 Congo Brazz -9.53 -5.05 -13.73 0.06
Kenya -174853 -95525 -236625 -5465 Uganda -9.45 -5.14 -12.81 -1.25
Tanzania -159608 -85268 -217131 -8183 Sierra Leone -7.80 -4.15 -11.22 -0.30
Uganda -153534 -83449 -208028 -16415 Kenya -7.56 -4.13 -10.24 -0.30
Ghana -83480 -43945 -120478 -5319 Gabon -7.57 -4.01 -10.89 0.16
Mozambique -51158 -27571 -73008 -2025 Tanzania -6.45 -3.44 -8.77 -0.43
Madagascar -47729 -25710 -68124 505 Ghana -5.78 -3.04 -8.34 -0.46
Angola -45387 -24793 -64517 -46 Guinea-Bissau -5.49 -2.94 -7.88 -0.85
Sierra Leone -31390 -16681 -45145 -994 Guinea -5.22 -2.75 -7.53 -0.40
Guinea -29477 -15507 -42551 -1963 Benin -4.72 -2.47 -6.83 -0.41
Benin -21862 -11433 -31626 -1498 Angola -4.73 -2.58 -6.72 -0.01
Congo Brazz -20951 -11103 -30163 99 Nigeria -4.51 -2.33 -6.55 -0.22
Mali -17472 -9641 -27907 -2320 Gambia -4.18 -2.24 -5.99 -0.69
Niger -13991 -8036 -22167 -712 Madagascar -4.19 -2.26 -5.98 0.06
Gabon -7890 -4183 -11357 127 Mozambique -3.46 -1.86 -4.94 -0.14
Guinea-Bissau -5318 -2845 -7630 -761 Djibouti -2.52 -1.35 -3.42 -0.20
Gambia -3693 -1980 -5293 -495 Mali -2.08 -1.15 -3.32 -0.34
Botswana -2164 -777 -2918 -336 Niger -1.84 -1.06 -2.91 -0.12
Djibouti -1174 -631 -1595 -88 Botswana -1.75 -0.63 -2.36 -0.33
Cape Verde 1190 709 1647 35 Mauritania 1.00 1.07 1.30 -0.02
Swaziland 1239 806 1636 136 Namibia 1.31 0.78 1.82 0.09
Namibia 1919 1230 2587 134 South Africa 1.06 0.69 1.41 0.13
Mauritania 1975 2116 2569 -34 Lesotho 1.13 0.72 1.52 0.08
Lesotho 2017 1199 2793 114 Burkina Faso 1.96 1.22 2.64 0.01
Mauritius 2307 1390 3180 47 Zimbabwe 1.42 0.86 1.95 0.03
Cent. Afr. Rep. 7693 9548 9262 151 Swaziland 1.56 0.93 2.16 0.21
Togo 10570 6533 14290 488 Senegal 2.23 1.30 3.10 0.12
Chad 11146 6664 15294 26 Chad 1.35 1.68 1.63 0.01
Liberia 13073 7576 18175 155 Cape Verde 2.64 1.71 3.48 0.10
Burkina Faso 13398 8090 18449 55 Zambia 1.78 1.13 2.42 0.09
Senegal 13733 8660 18627 694 Malawi 1.98 1.20 2.71 0.09
Zimbabwe 16066 9332 22316 225 Sudan 1.68 2.04 2.04 0.10
Zambia 16309 9928 22396 527 Mauritius 2.17 1.31 2.99 0.05
Malawi 17158 10672 23131 569 Togo 3.18 1.90 4.37 0.18
Somalia 28663 17378 37776 1096 Cent. Afr. Rep. 3.63 2.25 4.91 0.06
Burundi 38104 24973 50956 4575 Somalia 3.86 2.34 5.09 0.20
Cameroon 40294 49011 49079 -284 Ethiopia 4.43 2.80 5.78 0.19
Côte d’Ivoire 42579 25274 58604 96 Cameroon 3.92 2.44 5.28 -0.03
South Africa 43087 25748 57007 3855 Côte d’Ivoire 3.75 2.22 5.16 0.01
Rwanda 44297 27608 59661 6797 Congo Ksh 7.61 5.02 9.78 0.47
Sudan 67092 39699 89001 1892 Liberia 5.43 3.15 7.55 0.08
Ethiopia 218728 138307 284920 7372 Burundi 8.08 4.83 10.69 1.04
Congo Ksh 277448 183194 356842 13190 Rwanda 10.34 6.12 13.72 1.31

The countries of our sample are ranked according to highest additional net out-migration expected by the median climate
change predictions of the IPCC projections.

Columns (1) to (3) display future changes in the number of net migrants as a consequence of predicted variations in
climate variables, while columns (5) to (7) show these future changes in terms of the net migration rate. Column (4)

displays the yearly average number of net migrants induced by climate variations over the period 1960-2000.
and column (8) shows the yearly average net migration rate due to climate variations over the same period.

Columns (1) to (3) evaluate the additional number of net migrants compared to the average population for the period

1980-1999.
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Figure 3.4: Observed net environmental migrants per thousand of population,
1960-2000
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Figure 3.5: Predicted net environmental migrants per thousand of population,
2000-2099



Chapter 4

Winners and losers among a
refugee-hosting population

Abstract. The impact of a mass influx of refugees on the hosting economy is under-
studied and not well understood. Based on hypothesis formulated during a two-month
fieldwork and using a theoretical framework, we test the impact of the refugee presence
on the welfare of the population of Kagera, Tanzania. Our identification strategy exploits
both time and spatial variations in the way households traced between 1991 and 2004
have been affected by the refugee inflows originating from Burundi (1993) and Rwanda
(1994). While the aggregate effect is positive, local hosts, depending on their occupation,
can be winners or losers.
Keywords: Refugees, Tanzania, Migration
JEL Classification: O12, O18, R12, R23 1

1joint with Philip Verwimp (University of Antwerp and ECARES)
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4.1 Introduction
Every year, thousands of people are forced to leave their countries in a desperate
attempt to find a safe haven, their life being threatened by civil conflicts. End
of 2007, United Nations High Commissioner for Refugees (2007a) reported 11.4
million refugees in the world, of which 2.2 million originated from Sub-Saharan
Africa. Contrary to some popular ideas, these refugees do not arrive in the indus-
trialized world but are in majority hosted by their neighbouring countries. Media
and host governments have often pressured the international community to help
them in supporting the burden induced by this massive inflow of refugees. At the
same time very little is known about the exact nature of the impact of the refugees
on the local hosts. From a policy point of view, the United Nations High Com-
mission for Refugees (UNHCR) seems increasingly aware that the issue of the
impact of the refugees on their local hosts has been overlooked for too long. For
example, in Tanzania, the UN agency for refugees is implementing a new pro-
gram easing the transition phase following the closure of all camps in the region
of Kagera. 2 A better understanding of the main channels through which the local
population is affected by massive refugee inflows would help in improving the
efficiency of such programs.

Our collective memory tends to perceive refugee camps as an unorganized
mass of temporary tents and occupied by passive refugees under assistance. This
common view does not correspond with experience. First, temporary situations
can end up by lasting very long. This has resulted in what UNHCR has called the
problem of protracted refugee situations (Crisp, 2003; Slaughter and Crisp, 2009).
City-sized refugee camps have mushroomed in often very poor areas, where in-
habitants themselves struggle to make a living. Despite their traumatic experi-
ences and their poor health conditions these refugees have productive capacities
as well as assets (human capital, livestock, etc). And they entertain networks
to get access to such assets (de Montclos and Kagwanja, 2000; Werker, 2007).
Therefore, refugees are likely to endorse some important economic functions and
have significant impacts on their hosts’ livelihoods.

The purpose of this chapter is to contribute to a better understanding of the
long-term impact of refugees on the local communities. We combine information
collected in the field with data from the very comprehensive Kagera and Health
Development Survey to identify how the local population has been affected by
the refugee inflows originating from Burundi (1993) and Rwanda (1994) in the
region of Kagera (North-Western Tanzania).

The issue of the impact of a refugee settlement on local economies does not
seem to have attracted very much research interest. As far as we know, Cham-
bers (1986) in an article entitled “Hidden Losers? The impact of rural refugees
and refugee programs on poorer hosts” is the first to have paid attention to this

2In June 2008, the Lukole camp (Ngara district) was the last camp of the region of Kagera to
be closed making the Kagera region free of refugees for the first time since about 15 years.
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issue. Based on scattered evidence and rural experiences, this author argues that
the presence of a refugee camp has mixed consequences for the host population
through an increase in price, wage competition and competition for natural re-
sources. The better-off and more visible hosts would be more likely to gain from
the presence of refugees and refugee programs while by contrast, poor hosts could
loose from competition for food, work, wages, services and common property re-
sources. He points to these vulnerable hosts as the hidden losers. Since then,
authors such as Kuhlman (2002), Landau (2004), Whitaker (1999) and several
papers from the UNHCR’s Evaluation and Policy Analysis Unit have provided
some evidence of this unequal impact. Unfortunately, the state of knowledge
is not much more advanced than the “scattered evidence” on which Chambers
(1986) bases his analysis. As summarized by Whitaker (1999, 2), “refugees are
assumed to have a different impact on diverses classes, genders, sectors and re-
gions within the host country, but little empirical evidence has been done on this
issue.”

Some authors such as Hatton and Williamson (2004) focus on the causes that
lead refugees to seek asylum in developed countries and in particular, in the Eu-
ropean Union. They also study its impact on native-born workers. In a cross-
country setting, Azam and Hoeffler (2002) test empirically the factors explaining
the number of refugees per country of origin. Stark (2004) formalises the dy-
namic process that distinguishes a refugee flow from an immigration move while
Bubb et al. (2007) study the system of refugee protection in the 1951 Convention
Relating to the Status of Refugees as a Pareto-improving contract that bounds
states to provide a more efficient level of the global good of protection.

We also find interesting links to the work we present in this paper in the migra-
tion literature. Chiswick (1982); Borjas (1999) and Muller (2003) use production
models with and without unemployment to analyse the impact of immigration
on the labour market. Schoeni and Dardia (1997) and Pedace (1998) exploit ge-
ographic variation and information networks of past migrants which help new
migrants to find housing and employment in an IV model. Authors such as Card
(2001); Borjas (2005) and Hanson (2008) provide conflicting evidence on the em-
igration of natives in response to high influx of immigrants. And lastly, several
instances of a large inflow of people caused by political factors provide a natural
experiment. This is the case for Card (1990) on the Mariel Boatlift of Cubans
to Miami, Hunt (1992) for the repatriation of Algerians from European origin to
France in 1962 and Friedberg (2001) on the arrival of Jewish Russians to Israel.
What these studies have in common is that they detect few effects on the wages
and the employment of the native population. While the net effect of refugee
hosting in the African context may greatly differ from the above migration-related
quasi-experiments, our chapter sheds a new light on the redistributive impact of
large and lower skilled migration flows on the local population.

As far as we know, two papers are close to ours, at least in studying related
issues in the Tanzanian context. Based on two different sets of data, Alix-Garcia
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and Saah (2010) assess the impact of the proximity to a refugee camp through
changes in agricultural prices between 1995 and 1998. They also test the impact
of massive refugee inflows on the holding of assets. Two important results may
be emphasised. On the one hand, they found a significant increase in the prices of
some agricultural goods (bananas, beans and milk) and a decrease in the price of
the aid-delivered good (maize). On the other hand, they found a positive impact
on the acquisition of more valuable assets. Based on a richer dataset encompass-
ing information on consumption, income and other household characteristics, our
chapter provides a complementary - general equilibrium inspired - piece of evi-
dence. While our chapter focuses on the differentiated impact on the welfare of
the local population via their occupations, our approach also differs in the scale of
the phenomenon. Alix-Garcia and Saah (2010) use a nation-wide survey, where
proximity to the refugee camps has a different meaning than ours. While 13%
and 6% of their households are located in wards within respectively 200 and 100
kilometers of the closest refugee camps, all and 96% of our sample are located
within the same radius. To achieve similar percentages, our households need to be
located between 10 and 30 kilometers. 3 Given the reported effects (see section
4.2.2) and the high transport costs in the region, we have some good reasons to
believe that the impacts of the refugee camps are highly localized. We are also
concerned that an excessively large scale of analysis will capture unobserved and
time-variant regional effects. Another related paper is the one by Baez (2007)
who assesses the short and long run effects of hosting refugees on health condi-
tions of children. The author offers evidence of adverse impacts, almost 1.5 years
after the shock, on children’s health. In addition to the differences of specification
dictated by the nature of the research question, our chapter differs in the definition
of the refugee presence. While Baez district level distinction faces measurement
errors (see footnote 15 of this chapter) and the use of the distance to the Rwandan
border may capture refugee-unrelated factors such as the effects of warfare in this
neighboring country, our measure of the refugee presence, based on both proxim-
ity to and the size of the refugee camps provides a better source of local variation
among the surveyed households.

This chapter is organized as follows. In the next section, we will describe
our case study and list a series of hypothesized effects that have been formulated
on the basis of our fieldwork. 4 Section 4.3 introduces a theoretical framework

3Similarly, the closest market used by Alix-Garcia and Saah (2010) to assess the effect on
prices in the region of Kagera is the one of Bukoba. This small town is located at, at least, 70
kilometers from a small refugee camp and at best, at 145 kilometers (or 4 hours by bus) from the
first refugee camp hosting more than 10,000 refugees. There is no doubt that Bukoba is one of the
least affected location in our sample.

4The quantitative analysis presented in this chapter has been fed by a two-month iterative
field research (Udry, 2003). In order to refine some of our hypothesis, about 30 interviews were
conducted; data (notably refugee camp location and population) were completed; and some re-
ports were collected to better understand the economic environment of the region and the issues
(management, interaction between refugees and local people) related to the refugee presence.
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aiming at identifying who are likely to gain or suffer the most from the changes
induced by the refugee inflows. Section 4.4 presents the empirical results of our
study. Section 4.5 discusses assumptions on which the identification of the main
results is based on. Finally, we conclude in section 4.6.

4.2 Refugee Inflows in Kagera

4.2.1 Context

The Kagera region is a very remote region in North-Western Tanzania. The region
is impacted between Lake Victoria, Uganda, Rwanda and Burundi. Kagera is one
of the poorest regions of the country in terms of income per capita with an average
of 149,828 Tanzanian Shillings (Tzs, i.e. 166$ a year) per capita (National Bureau
of Statistics, 2003). In 2002, about 2 million people lived in a region of 29,241
squared kilometers and mainly rely on subsistence agriculture. One particularity
of this region results from its recent history of refugee hosting that makes it an
extraordinary “laboratory” to study the impact of refugee inflows on the local
population. On the one hand, the magnitude of the phenomenon is a case in
point. From October 21, 1993, between 250,000 and 300,000 Burundians fled
into Tanzania following the assassination of the President of Burundi. As reported
by Rutinwa (2002, 28), a new influx of 250,000 refugees came from Rwanda
from April 28, 1994, within only 24 hours. This sudden influx resulted from
the crash of the plane carrying the Presidents of Rwanda and Burundi, known
as the triggering factor of the Rwandan genocide. This movement, described
by the United Nations High Commission for Refugees (UNHCR) as the largest
and fastest exodus it had ever witnessed, was followed in the next two months
by a number of nearly one million refugees fleeing Rwanda to Tanzania. To put
the reader into the picture, in 1995, there remained about 700,000 refugees in
the region of Kagera, whose population accounted for about 1.5 million people
at that time. 5 Such a human inflow, representing more than one third of the
regional population (even more than one half in Karagwe and Ngara districts),
had a financial counter-part. Interviewees stressed the massive flow of money
that entered into the local economy through the humanitarian pipeline.

The unanticipated and localized nature of the events provides a tool to isolate
the impact of the refugee inflows on the local population from other factors. As
witnessed by a local aid worker, “they came very unexpectedly. The local pop-
ulation was never expecting such a thing. Just overnight, so many people were
around ... They came like a swarm of loco bees”. The unanticipated nature of
the events linked to political assassinations is also underlined by Alix-Garcia and

5Other refugees also came from the Republic Democratic of Congo from 1997. However, our
region of interest, Kagera, did not host these refugees. Congolese camps are mainly located in the
neighboring region of Kigoma.
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Saah (2010). Refugees were hosted in city-sized camps. The unexpectedness
together with the mass of refugees prevented anyone (government, UNHCR) to
direct the refugees to one or more locations across the region that were designated
to host the refugees. Given prohibitive costs to transport them, UNHCR and the
Ministry of Home Affairs (MHA) had to select the locations of the camps within
a very small radius. As can be seen in Figure 4.1 and contrary to UNHCR policy,
this resulted in camps located very close to the borders. 6 While the circumstances
for the refugees at these locations were not ideal to say the least, the unprepared-
ness of the host to find a location for hundreds of thousands refugees removes to a
large extent a potential problem of endogeneity. We will discuss this issue further
in section 4.5. Furthermore, a new refugee policy implemented by the Tanza-
nian Government restricted the movement of the refugees to 4 kilometers around
the camps. 7 These movement restrictions, coupled with geographical features
limiting the spatial spread of the impact (Baez, 2007), provides an exceptional
framework to distinguish refugee-hosting areas from others.

4.2.2 Observations

Given the magnitude of the phenomenon, the massive inflow of refugees is likely
to have affected the local economy. Based on interviews undertaken in the field in
2008 and secondary sources, several impacts have been reported. First, the price
of some goods seems to have increased sharply due to an increasing demand
from aid workers and from the refugees themselves. The arrival of international
organizations (UNHCR, NGOs) and their staff (local and international) induced a
significant increase in demand from people with much higher purshasing power.
Food aid also had an effect on prices. The World Food Program (WFP), the UN
agency in charge of providing food to refugees, purchased on the local markets.
But the main effect came from the refugees themselves. In order to diversify
their food diet, refugees exchanged the received ratio of maize, maize flour or
cooking oil against other products such as bananas, cassava, palm oil, beans, rice,
meat, fish, alcohol, etc. Whitaker (1999) reports that about 75% of the food
distributed to refugees was traded. More conservative assessments by WFP give
an estimation of about 20-30% (World Food Program and United Nations High

6Two exceptions appear on the map, i.e. the camps of Burigi and of Mwisa. Both are special
“protection camps”, populated by only 10,000 refugees in 1995, compared to 200,000 or even
350,000 for the largest camps.

7Tanzania has a long history of hosting refugees. In 1972, refugees already fled from Burundi
and were directed towards, the so-called old settlements. However, these refugees are very dis-
tinct from the 1993-1994 waves. These “old” refugees are not settled into closed camps; were
targeted by an “open-door” policy whose aim was to integrate these newcomers (even through
naturalization) and ensure self-sustainability of their livelihoods on the Tanzanian territory and
were located far from the borders of their country of origin (Rutinwa, 2002). It has to be noted
that despite the movement restrictions, 1993-1994 refugees could still receive permission to work
outside the camp, provided they came back at night.
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Commissioner for Refugees, 1998). Refugees also sell non-food items such as
blankets and plastic sheets. Such trading activities are easy to observe and even
institutionalized by the aid community and the MHA, through the creation of a
so-called common market around each refugee camp, where refugees and local
people were invited to trade. For example, the common market of Lukole opened
between 1994 and 2003 and close to one of the largest Rwandan refugee camps,
is estimated to have been the second largest market of the Kagera region, after the
town of Bukoba.

Second, one of the most often reported effects is the use of refugees as
cheap labor by the local population. Using refugees to till and harvest land,
local agricultural production is reported to have in some cases doubled follow-
ing the refugee arrival, land availability not being a major constraint in Kagera
(World Food Program and United Nations High Commissioner for Refugees,
1998). Cheap labour was also used in sectors such as construction, housekeeping
or catering. 8 Such an increase in cheap labour should generate a downward pres-
sure on the wages of agricultural workers. Whitaker (1999) reports that the wage
paid to casual laborers dropped by about 50% in many areas. Such a depressing
effect on wages for the less skilled is supported by historical evidence provided
by Chambers (1986). However, the effect on the wages seems to have been the
opposite for the most educated people. As illustrated by one interviewee who
used to be chief accountant in a cooperative union when the refugees came in: his
salary was below 100,000 Tzs, while the drivers of the international organisations
could earn more than 200,000 Tzs. This confirmed the observation by Waters
(1999) that salaries in the relief operations were about two to three times the level
of salaries for similar positions elsewhere in Tanzania.

Third, business also seemed to have flourished in the refugee-hosting areas.
Whitaker (1999, 7) underlines that “With the increased local market, there was
an upsurge in business and trade conducted by both local hosts and refugees.
Tanzanian entrepreneurs from around the country also flocked to the area. Com-
mercial centers developed in the refugee camps with daily markets and count-
less shops and restaurants”. The economic landscape has completely changed
in this respect. Some sleepy (Ngara market, Omukalinsi) or even desert places
(Lukole, Benaco, etc) became very active market places. Business seems to go
on even when the refugees repatriate. An aid worker involved in repatriation, un-
derlined how refugees originating far from the Burundi-Tanzanian border, repa-
triate just behind the border to continue their trading activities. The variety of
non-agricultural products also seemed to have expanded as “several enterprising
Tanzanians even opened shops with catered to expatriate aid workers’ tastes for

8As confirmed by Pr. Rutinwa, refugees were paid below the minimum wage that was about
1000 Tzs a day around that time ... During a focus group he undertook for his study (CSFM,
2003), one woman declared “At least one thing we like about these refugees, they are cheaper.
They are managable in terms of the amount you pay them compared to what you pay a Tanzanian
to do the same amount of work”.
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chocolate, cheese, European wines and satellite televisions” (Landau, 2004, 47).
Despite this boom, the impact on the existing businesses was rather ambigu-

ous. The renewed attractiveness of refugee-hosting areas seems to have gone
along with fiercer competition following the entry of other entrepreneurs. Such
reported increase in competition could have driven some existing petty businesses
out of the market. First, a lot of entrepreneurs would have come from Mwanza,
Shinyanga and other Tanzanian regions to open a business. People of Chaga-
origin from Kilimanjaro were often reported as very business-minded and keen
to jump on these new business opportunities. As underlined by one active district
refugee coordinator in one refugee camp, refugees were also allowed to conduct
businesses and were very active in this respect. One of our respondents also
pointed to the ‘unfair’ nature of competition, because of the absence of taxes for
commodities traded by refugees and the free services provided to them: “it was
unfair competition because you cannot compete with somebody who has no over-
head costs.” At the end, the effect on the existing businesses is an empirical issue.

Infrastructure seemed to have largely improved following investment made
by international organizations in terms of road accessibility. Whitaker (1999, 12)
noted that “In Kagera region, more than 15 million dollars went towards the reha-
bilitation of main and feeder roads, airstrips, and telecommunications infrastruc-
ture”, making “internal transportation cheaper and easier for host communities”.
This might be more important that it seemed in a region where the remoteness
of the village in which one is born is an important determinant of the likelihood
of growing out of poverty (DeWeerdt, 2006). Another important reported effect
is the improvement of health and sanitation services. When the services were
not available to the local population at the start of the crisis, UNHCR and its im-
plementing partners have progressively made these services available to the local
hosts. Around 30% of the health services beneficiaries are reported to be local
people. Well, there is no doubt that the standards of these services are very much
higher compared to what was delivered to the local population before the refugees
came in.

Finally, we should also underline the possible destabilizing effects of such
population movements. The sudden flow of so many people had devastating envi-
ronmental effect (Berry, 2008). As witnessed by one of our respondents, “When
refugees came in, they started to pull down the timber, the wooden materials from
the buildings, ... the schools, even the coffee plantations to get firewood”. This
had dramatic effect, in particular for women, who had to allocate more time to
collect firewood, in a region where it constitutes the main source of energy for
cooking activities. 9 Although aid workers contest it given very tight controls
they implement, the spread of disease has also been attributed to the coming of
refugees living in poor sanitary conditions. At least, regarding wood collection

9Since then, one could observe an increased awarness among aid agencies for this issue. No-
tably, devastated areas around old camps (for example in Karagwe) contrast with more recent
Congolese camps in the region of Kigoma where wood collection has been strongly regulated.
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and desease spreading, one could imagine that these effects have been spatially
more limited than the economic effects described above (a perimeter of 15-20
kilometers has been reported for the wood destruction around the camps, in the
worst cases). Fieldwork also suggests that these effects have decreased overtime
following NGO interventions in these respects. Furthermore, security problems
have been reported by officials and police officers. The attribution to the refugees
of the security problems has been debated (CSFM, 2003). However, one should,
at least, recognize that the inflow of refugees has gone along with a cross-border
diffusion of weapons and an increase in criminality (who ever is perpetrating the
crimes).

The above reported effects constitute an interesting starting point to under-
stand the complexity of the issue. But what are the magnitude, the persistency
and the spatial distribution of these effects? First, such narrative evidence does
not tell us whether the negative effects are likely to be compensated by some
economic benefits. Given the nature of the economic effects, the benefits are
also likely to be unevenly redistributed. As a first approximation, looking at the
change of consumption per adult equivalent (PAE, see data description) for all sur-
veyed individuals between 1991 and 2004, the last sticks of the Figure 4.2 suggest
that households living close to refugee camps have increased their consumption
PAE but less proportionally than in other areas. But the picture is qualified when
looking at poverty groups. Following Collier et al. (1986), we transformed the
consumption data of the KHDS data (see data description) by adult equivalent
and taking into account price differences between locations. Based on 1991 data
(before the refugees arrived), we create four groups, which should reflect the level
of poverty in the sample. Initially richer people seem to have better seized the op-
portunities generated by the proximity to refugee camps. They indeed increased
their consumption PAE much more (about 38%) than their counterparts in other
areas (about 16%). In contrast, the poorest have seen their situation improved less
(10%) than their counterparts in other areas (16%). Second, we do not have any
idea about the persistency of these effects. For example, the changes in factor
prices (wages, prices of goods, ...) should have been followed by modifications in
the consumption and production behaviors. As suggested above, some negative
effects (tree cutting, disease risk) may have been reduced overtime. Therefore,
section 4.3 will study in a general equilibrium setting how changes in the good
and labour markets will affect differently several agents of the local economy.
Finally, we do not only conjecture economic gains to be distributed differently
among the refugee-hosting population. Figure 4.3 also indicates that contrary to
common held beliefs, considering the presence of refugees solely as a burden,
the establishment of refugee camp neither prompts people to get out of the sam-
ple (due to untraced migration or death) between 1991 and 2004 nor does it give
incentives to migrate (traced) outside the initial village. Section 4.5 will discuss
further the role of migration but we can already state that the establishment of a
refugee camp does not only generate negative externalities. Given the localized
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nature of the negative effects (environmental degradation, disease, etc), we may
then wonder whether the balance between economic benefits and costs differs
over space. The existence of a non-monotonic relationship between the prox-
imity to refugee camps and welfare is an empirical question. Some respondents
were convinced that villages very close to refugee camps, all in all, suffer from
the negative effects, while habitants at intermediate distance could maximize the
economic benefits generated by the establishment of refugee camps and minimize
the costs. 10 Other respondents clearly reject this non-monotonic hypothesis. For
them, the economic benefits such as health accessibility, outweigh the negative
externalities, even near to refugee camps. Given our questions related to the per-
sistency and the distribution of the above effects, this chapter will seek to assess,
both theoretically and empirically, how the establishment of refugee camps in the
region of Kagera has affected the local population in the long run and through
which channels. A particular attention will be given in section 4.5 to allow for a
differentiated effect of such establishment over space.

4.3 Theoretical framework

The theoretical framework should help us to identify how agents adapt to the
refugee arrival and the related changes in factor prices. The purpose is to describe
how some agents may be able to benefit from the inflow of refugees, while oth-
ers seem to suffer from it. The below theoretical model will mainly focus on the
effects on the labour and goods markets. Controlling for other factors or expla-
nations will be an empirical issue. Using the theoretical framework as a roadmap
for the empirical analysis will also help us to conjecture how relaxing some as-
sumptions could alter the baseline results in section 4.5.2.

We represent a local economy whose population (normalised to one) is com-
posed of H landed people and L landless people. The landed people are endowned
with one unit of land, that can be invested in one of the two sectors of the econ-
omy, the agricultural sector or the manufacturing sector (non-agricultural). The
landless people are composed of La agricultural workers and Lm manufacturing
workers.

10In a report drafted in September 1995 (about one year and a half after the arrival of Rwandan
refugees) for a local NGO, Adams et al. (1995, 31) support such a non-monotonic relationship
by stating that “While the whole district has been affected by the arrival of the refugees (through
improved transport links, rising prices, loss of livestock, damage of schools and hospitals, the
re-direction of already over-streched district services to the refugees, an expanding economy,
increased opportunities for trade, etc), the negative consequences have tended been very localized.
Those villages in the immediate vicinity of the camp have borne the brunt of theft and robbery, the
loss of water, fuel and construction materials, threats to household food security, health problems,
and social change.”
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4.3.1 Preferences

The preferences of all individuals are represented by Cobb-Douglas preferences,
with CES sub-utility for the differentiated non-agricultural goods. The utility of
the agent i is composed of its consumption of homogeneous agricultural good A
and differentiated non-agricultural goods M.

Ui = MµA1−µ (4.1)

with M =

[∫ N

0

qm(s)
σ
σ−1ds

]σ−1
σ

(4.2)

with σ > 1

s.t. GM + paA ≤ Y

σ represents the elasticity of substitution between two varieties of the non-
agricultural good, while G is the price index of the non-agricultural goods.

From the identical preferences of the individuals, one can obtain the demand
functions and we can re-write the price index:

qm(s) = p−σm Gσ−1µY (4.3)

qA =
(1− µ)Y

pa

G = pH
−1
σ−1
m

The indirect utility function will be given by introducing the demand functions
into the utility function:

Vi = Θ
yi

Gµpa
(4.4)

with Θ = µµ(1− µ)1−µ

4.3.2 Technologies

The economy is represented with two sectors of production. The agricultural
sector performs under constant returns to scale, using one unit of land and La
units of agricultural labor. The non-agricultural sector exhibits increasing returns
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to scale, with non-agricultural labor as an input. We assume that the price of the
agricultural good is equal to 1. 11

πa = qa − waLa (4.5)
with qa = Lαa

The first-order condition gives wa = αLα−1
a and πa = (1 − α)Lαa . The

non-agricultural sector needs β variable requirement of skilled labor Lm and one
landed person, who decides to become entrepreneur. The structure of this sector
is monopolistic competition.

πm = pmqm − βwmqm − wm (4.6)

Deriving πm with respect to pm gives p∗ = σ
σ−1

wmβ, i.e. the monopolistic
competition result following which the mark-up of price over marginal cost is
constant. By the zero profit condition, the equilibrium production is independent
of the number of entrepreneurs: q∗ = σ−1

β
. Equalizing this equilibrium production

with the demand equation, we obtain the following wage equation, i.e. the wage
given to the non-agricultural workers and the rent kept by the entrepreneur:

wm =
µLαa

σHm − µ(Lm +Hm)
[α + (1− α)Ha] (4.7)

We can show that the non-agricultural wage will be positive provided the
number of non-agricultural workers is sufficiently large. Otherwise, the non-
agricultural sector does not exist.

wm > 0 if Lm >
σ − µ

µ(1− α)
(α + (1− α)H) = L̃m (4.8)

This condition will be most easily met if σ is low, i.e. the non-agricultural
goods are sufficiently differentiated; µ is large, i.e. the constant share of expen-
diture on non-agricultural goods should be sufficiently large; H is low, i.e. the

11With the exception of the price effect that will be inexistent, similar predictions could be
obtained regarding the distributional effects if we depart from the monopolistic competitive market
structure. A model with one sector and 3 factors of production (skilled labor, unskilled labor and
land) similar to Euwals and Roodenburg (2004) will give the same predictions. Locals who are
endowed with labor complement to those of the refugees will gain, while locals who are perfect
substitutes will lose. However, monopolistic competition is as realistic as perfect competition.
Furthermore, the theoretical predictions do not depend on the homotheticity of the preferences.
Non-homothetic preferences will soften the price effect and the impact on the manufacturing
sector without altering the main predictions (Murata, 2008).
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number of landed people should be small enough and α is small, i.e. the labor
productivity in the agricultural sector should be small enough. Equalizingwm and
πa determines the distribution of non-agricultural entrepreneurs:

Hm =
µ[α + (1− α)(H + Lm)]

(1− α)σ
(4.9)

4.3.3 Theoretical predictions
Given the fact that Hm does not depend on La, a change in landless agricultural
workers, which represent the refugee inflow in our present case, can be shown
to affect the different agents through two channels: change in income and in
prices. Va, Vπa and Vm denote respectively the indirect utility of the agricul-
tural worker, the landed investing in agricultural activities, the landed becoming
a non-agricultural entrepreneur. We assume that given the existence of the non-
agricultural sector, Lm > L̃m.

• The agricultural worker suffers from an increase both in competition on the
labour market ( δwa

δLa
< 0) and in prices following the demand pressure on

the goods market ( δG
δLa

> 0 if Lm > L̃m).

δVa
δLa

= Θ
δwa
δLa

Gµ − µwa δGδLa
G2µ

< 0

• The landed investing in agricultural activities benefits from an increase in
its agricultural rent ( δπa

δLa
> 0) but suffers from the increase in the price

index ( δG
δLa

> 0). Given the fact that Hm does not depend on La, one can
show that the indirect utility has increased following the refugee inflow.

δVπa
δLa

= Θ
δπa
δLa

Gµ − µπa δGδLa
G2µ

(4.10)

Given Vπa = Lα(1−µ)
a

(1− µ)1−µH
µ
σ−1
m (σ − 1)µ(1− α)

[α + (1− α)Ha]
µ (σβ)µ

δVπa
δLa

> 0 if Lm > L̃m

• The non-agricultural entrepreneur (also true for the non-agricultural
worker) also benefits from an increase in income but has to support an in-
crease in the price index. However, given the fact that Hm does not depend
on La and La increases wm, one can show that the indirect utility of the
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non-agricultural agent will increase with the number of landless agricul-
tural workers.

δVm
δLa

= Θ
δwm
δLa

Gµ − µwm δG
δLa

G2µ
(4.11)

Given Hm and Lm > L̃m ,
δVm
δLa

> 0

The theoretical predictions are derived from a simplified framework that ex-
clusively focuses on the labor and goods markets. The purpose of the theoretical
section is not to predict the aggregate impact of hosting refugees. We indeed over-
look some of the observations made in section 4.2.2. For instance, negative ex-
ternalities are likely to affect the average effect on the local population. However,
there is no obvious reason to assume that these externalities will be distributed
differently among the hosting population. One exception is the way households
may be differently impacted depending on their location. Such possibility will be
discussed in section 4.5. Nevertheless, the balance between benefits and damages
at the aggregate level will remain an empirical issue.

4.4 Empirical analysis
Based on the theoretical predictions, this section seeks to assess the relationship
between the refugee inflow and the welfare of the hosting population. Further-
more, we would like to see whether the net costs and/or the net benefits are likely
to be unevenly distributed among the refugee-hosting population.

4.4.1 Data description
We use the Kagera Health and Development Survey (KHDS) dataset collected
by Economic Development Initiatives (EDI) and the World Bank (Beegle et al.,
2006). Based on the World Bank LSMS (Living Standards Measurement Study)
standards, the KHDS data provide a very comprehensive survey on several dimen-
sions of individual and household well-being such as the level of consumption,
income, assets, the occurrence of shocks, as well as community characteristics
such as the availability of public services, the participation in collective groups,
etc. In 1991-1994 (4 waves), the KHDS interviewed up to four times 915 house-
holds and their members from fall 1991 to January 1994. Households were ran-
domly selected from 51 communities in the region of Kagera. In addition to the
representativeness of this survey, one interesting feature is the outstanding exer-
cise of tracing most individuals from the original 915 households, about ten years
later, in 2004. Because people had moved out of their original households, the



4.4. EMPIRICAL ANALYSIS 117

KHDS 2004 interviewed about 2,700 households and their members, including
those having moved outside their village of origin, the Kagera region and even
Tanzania. As indicated by Beegle et al. (2006), the field team achieved an excel-
lent re-contact rate of 93%.

These data are particularly adequate for assessing the impact of the refugee
inflows of 1993-1994 on the local population. First, we can be certain that the first
wave of the KHDS surveys has been undertaken before October 21, 1993, date of
the assassination of the President of Burundi and signaling the start of the refugee
crisis in the Kagera region. 12 Therefore, the data should allow us to distinguish
the effect of the refugee inflows from some initial differences between villages,
households or individuals. The year 1991 (instead of 1992 or 1993) is chosen
for comparability reason. Consumption data are only fully comparable between
1991 and 2004 (see footnote 14). Second, the location of the villages throughout
all the region allows us to introduce a key heterogeneity in our sample, depending
on whether households are living in a village close to a refugee camp or not. We
use a sample of 812 households (that duplicate into 2770 households by 2004),
that have been interviewed in 1991 (before October 21, 1993) and in 2004. Our
baseline estimate excludes those households that have migrated to another region
or another country by 2004. 13 We will assess in section 4.5 the consequences of
this restriction.

We estimate the effect of the refugee presence along with other explanatory
variables on the welfare of household h residing in village v at time t:

log(Vh,t) = β0 + β1log(RIv(h),t) + β2Activityh,1991 ∗ log(RIv(h),t)

+ β3Zh,t + β4Qv(h),t + β5αt + εh,t

(4.12)

• Vh,t represents the indirect utility of the household h living in village v at
time t, measured by the consumption per adult equivalent (in real 2004
prices), correcting for price differences. The adult equivalent transforma-
tion is applied using the method proposed by Collier et al. (1986) for Tan-
zania, while the Lapeyres index is used for price correction. 14

12Given the procedure followed to interview a household (i.e. when one household drops it is
replaced by a new one starting again wave 1), the facts that the first passage of fieldwork took
place between September 1991 and May 1992, that each passage lasts between 6 and 7 months,
and that no household was interviewed for the first time in the fourth passage, a household would
be interviewed in the first wave in July 1993 at the latest (the majority between September 1991
and may 1992).

13We drop from the baseline estimations about 317 households that have moved to another
region or another country by 2004. Such a number corresponds to the percentage of about 12%
given by Beegle et al. (2006, 27) based on the number of respondents (individuals). That is being
said, 343 households were additionally dropped due to missing consumption data.

14The aggregated consumption data provided by EDI (http://www.edi-africa.com) have been
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• The treatment variable, RIv(h),t, captures the extent to which a household
is affected by the refugee presence. One possibility is to use a dummy vari-
able indicating whether the community leader has replied positively to the
KHDS question “Were there any refugee settlements closed by?”. 15 Less
vulnerable to reporting errors, our fieldwork allows us to proxy the effect
of the establishment of a refugee camp by the distance between any vil-
lage and the refugee camps as well as the estimated number of refugees by
camp (using the 1995 estimates of the refugee population collected through
fieldwork and considered as the peak time of the refugee presence). We
compute an average of the refugee population weighted by a distance func-
tion, called the refugee impact : RIv(h),t =

∑13
c=1

popc
dαv,c

, where c, from 1
to 13 refugee camp, α = 1 and v is the village where the household h is
living.16

• The Activity variables, Activityh,1991, define the main initial occupation
of each household. The main occupations comprise subsistence agricul-
ture, agricultural self-employed , wage employment (distinction between
unskilled -farming and fisheries - and skilled labour is made), and non-
agricultural self-employment (business and livestock). To determine what
the main occupation of a household is, we first compute total income gen-
erated by the household members through their various economic activities
and then the share of each income source over the total income. 17 We

used for comparability reasons (recall periods, common definition of components). The results
are robust to the use of the variable without PAE transformation (controlling for the size of the
household on the right-hand side) or without price corrections. When migrants are included,
consumption data are corrected for price differences between regions by applying a Fisher index
(see note on price index by Joachim De Weerdt at http://www.edi-africa.com).

15Baez (2007) uses the fact to belong to the districts of Ngara and Karagwe as an identification.
This raises concerns as it may capture a district-specific unobserved effect rather than the effects
of the refugees. First, all villages from Ngara and Karagwe districts do not all report a close-by
refugee settlement. Only eight out of eleven do so. Furthermore, four villages in three neighboring
districts also report close-by refugee settlements. Provided we use the community questionnaire
as identification criteria, this would represent 12 villages, i.e. approximately 192 households out
of about 816 households or 24%. It represents between 31 and 29 percent of the population in
Kagera region.

16The RI index is a time-varying and village-specific variable, that takes the value zero for 1991
(when there is no refugee) and a continuous value for 2004. The RI index is similar to a continuous
treatment effect in a difference-in-difference estimation (Wooldridge, 2002, 132). Furthermore,
our main results are robust to the use of different spatial weights in the treatment variable, with
α equal to 0.5, 1 and 2. We follow Head and Mayer (2004) in using α = 1 as the refugee index
can be seen as a form of market potential. We also test the robustness of our analysis to restricting
the computation of our RI index to camps hosting only refugees from Burundi or from Rwanda.
These robustness checks can be obtained on request.

17We use the aggregated data given in the 1991-1994 KHDS database. We also use data for the
year 2004 in the section 4.5.2. We apply the same methods described in KHDS (2004) to compute
the 2004 data. For subsistence income, we convert the value of each consumed item according to
its amount, its season and its imputed value. The income from self-employed agricultural activi-
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define a main activity as the one for which the share is above the aver-
age of the rest of the population. This makes the definition less dependent
to an arbitrary threshold (like e.g. larger than one half) but disregard the
marginal income sources. 18 For example, any household generating 99%
of his income from subsistence income and 1% from business is better to be
considered as mainly involved in subsistence agriculture. On the contrary, a
household having more than 15% of its income from business (sample aver-
age) will be considered as doing business. It also means that one household
can have more than one main activity, in case it would specialize into two
main occupations. The activity variables combined with the refugee one
will be key to see whether different payoffs are associated with some activ-
ities in refugee-hosting areas, compared to other (control) villages.

• Household characteristics, Xh,t, are introduced, such as the number of
adults or the proportion of literate members. We also control for the fact
to be a split-off household, i.e. those household members such as children
who have created a new household by 2004. Several authors such as Dercon
and Shapiro (2007) and Verwimp and Bundervoet (2008) have emphasized
how bias can be created by not including the split-off households. 19 As
usual in those household analysis, characteristics of the household head are

ties is computed on the basis of the gross revenues minus the costs of household-level activities in
farming. Employment income is recognized as the income received as an employee of a private in-
dividual or of an institution other than the household, for remuneration in cash or in kind (KHDS,
2004). The household-level value is computed by summing the employment income earned by
each member, multiplied by the time this member reports to have worked at each job in the last
12 months. The Laspeyres and PAE transformation have been applied. We replicate the KHDS
(2004) method for the year 2004 to compute the non-agricultural self-employed activities.We
compute the livestock income by computing the net revenues from livestock. The second method
based on reported net revenues and proposed by KHDS (2004) is used. de Mel et al. (2009) in-
deed show that using reported profits provides more accurate measure of profits than the method
using (underreported) revenues and expenses. Fishing activities are also added to this category to
make 1991 data comparable with 2004 data. One technical problem for the non-agricultural ac-
tivities appears regarding the way we should treat losses. Indeed as some losses are encountered,
some shares of income are above 1 or below 0. For 1991, we have about 4 households (or 16
individuals) who have a share of income generated from business above 1, mainly due to losses
in the agricultural sector, and about 4 households (or 16 individuals) who have a negative share
of income due to business losses. For 2004, the former increases to 92 households and the later
reduces to one. We restrict the negative values to zero.

18For another issue (work satisfaction) but a similar choice of threshold, Winkelmann and
Winkelmann (1998) also take the sample average as a threshold. 70 households out of 2110
households in our baseline regression did not appear to have any main occupation with this def-
inition. These households have been classified in the subsistence category given the fact they
generate the largest part of their income from this activity. However, our results are robust to the
exclusion of these households from our regressions.

19Assume for example, that those who create a new household are younger and more able to
adapt to economic changes (eventually induced by the arrival of refugees), you would underesti-
mate the welfare of the original household by only comparing those who still belong to the origi-
nal household in 1991 and 2004. In other words, a selection bias can be introduced if the split-off
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also introduced such as the age, level of education, gender and marital sta-
tus of the household head, taking male and married as a baseline.

• We improve the efficiency of our specification by incorporating village-
specific variables such as the occurrence of natural and epidemic disasters
and the 5-year average number of annual rainy days. 20

• αt is a time dummy, likely to capture time-varying effects, common to all
villages. As explained below, the error term εh,t will include a household
and village fixed effect that will help us to control for unobserved effects at
different levels.

Descriptive statistics are given in Table 4.1.

4.4.2 Baseline results
To focus on the impact on the local hosts, we exclude the households who have
migrated to another region or another country by 2004 from the baseline analysis.
To some extent, we assume no inter-regional mobility among our households. We
will discuss in section 4.5.2 the robustness of our results to the relaxation of this
assumption.

As a starting point, we assess in regressions (1) and (2) of Table 4.2 the im-
pact of the refugee presence on real household consumption per adult equivalent,
with a Pooled Ordinary Least Squares (POLS) specification. At first sight, the
refugee presence is negatively associated with the welfare of the hosting popula-
tion. However, finding that refugee-hosting areas are poorer in levels than other
areas is not informative about the causal inference we can draw from the refugee
presence. In regressions (3) and (4), we consequently introduce a village fixed
effect, which will assess the effect on the difference of welfare of the household
compared to the village mean. In that case, doubling the refugee presence would
increase the welfare of the hosting population by about 7%. Nevertheless, such

households have different characteristics compared with the members of their initial households
(Witoelar, 2005).

20Total rainy days per month for 21 weather stations in Kagera region are available from the
Tanzania Meteorological Agency from 1980 to 2004. The KHDS database proposes two ways to
match the rainfall stations to the 51 villages of our sample, either based on the nearest and the
second nearest station according to the distance with the village center or based on the nearest and
the second nearest station according to the location knowledge of topology of the village center
and the rainfall station. Still, there were a lot of missing data. To reduce the problem of missing
data, we first replace the missing monthly data by the closest month of the same period, i.e. the
short dry season (January to February), the long rainy season (March to May), the long dry season
(June to September), the long rainy season (October to December). In case of missing value in the
closest station, we replace the data by the second closest station. We then compute the average
between 1987 and 1991 and the one between 2000 and 2004. We could then construct for each
village in 1991 and 2004, the 5-year average number of annual rainy days (i.e. 5 years before
1991 and 2004).
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a specification could be misleading due to the presence of unobserved character-
istics at the household level. Our results would be biased if for example, these
unobserved variables (such as some form of household ability) would affect the
dependent variable and some of the explanatory variables, like for instance, the
initial choice of occupations. Hence, the last four columns present our preferred
specifications. A household fixed effect is used to reduce the endogeneity risk by
controlling for any unobserved time-invariant household characteristics, while as
before, a time dummy captures any change overtime which is common across all
villages. The use of a household fixed effect along with household time-varying
control variables, also reduces the problem of composition usually encountered
when working with repeated independent cross-sections (Lee and Kang, 2006).
21 Regressions (5) and (6) indicate that doubling the refugee presence would
increase by 6-7% the real consumption per adult equivalent. This is a sizable
number. Increasing the standard deviation of the RI index would correspond to
an increase of about 29% of the real consumption per adult equivalent in refugee-
hosting population. 22

In regressions (7) and (8) of Table 4.2, we assess whether the effect of the
refugee presence is differentiated among the refugee-hosting population. Our
theoretical framework indeed suggests that the effects on the goods and labour
markets are likely to be unevenly distributed among the local population. There-
fore, we introduce the activity variables defined in section 4.4.1. Results should
be compared to households whose main initial occupation is subsistence agri-
culture and who are likely to be the least affected by the refugee impact on the
labour and goods markets. Those initially involved in agricultural activities as
self-employed farmers appear to be better-off by the refugee presence, compared
to their counter-parts in other areas. Agricultural workers are likely to experi-
ence a welfare deterioration due to fiercer competition on the labour markets and
surging prices on the goods markets. Despite the reported boom in this sector,
our results also suggest that those initially involved in non-agricultural activities
as self-employed experience a welfare deterioration following a doubling of the
refugee presence by about 6%. 23 One possible explanation for this discrepancy

21Not surprisingly given our data, the use of an initial household fixed effect gives similar
results either in the baseline regressions or the ones presented in section 4.5. We should note
that the simultaneous use of village and household fixed effects is possible by the fact that 531
households have moved to another village within the region of Kagera by 2004. Therefore, in
the household fixed effect specification, the village dummies capture the impact of moving on
real consumption. Another option would be to exclude these households and only use either the
village fixed effect or the household fixed effect. While the reduction of sample slightly reduces
efficiency, such a change in the sample definition would not alter our main results.

22To control for within-village correlation, the standard errors presented in Table 4.2 are robust
to a clustering correction implemented through bootstrapping technique. However, we show the
results with robust standard errors, clustered at the household level to make them comparable
with the regressions with a village fixed effect for which the method could not be performed due
to reported insufficient observations.

23These results are robust to division of this category between those involved into livestock and
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with the theoretical model is the reported increase in competition in the business
sector, following the arrival of more productive entrepreneurs from other regions
(given the tracing nature of our data, newcomers are not included in our sample)
who could have driven the existing local businesses out of the market. When
significantly different from zero, our control variables show coefficients with the
expected sign.

4.5 Discussion

4.5.1 Identifying assumptions
Is the establishment of refugee camps exogenous?

Our identification strategy rests on the exogenous nature of the refugee presence.
For long, labor economists have pointed to the risk of downward bias in assessing
the impact on receiving economies, when migrants are able to choose econom-
ically more dynamic areas (i.e. where economic well-being is expected to be
larger) with the hope to find a job. As far as refugees in Kagera are concerned,
very little location decision was in their hands. In the words of Friedberg and
Hunt (1995), the use of a natural experiment - i.e. episodes where the timing and
location of (forced) migration may be politically rather than economically mo-
tivated - reduces the problem of location choice based on economic conditions
(Card, 2001; Friedberg, 2001; Hunt, 1992). However, a legitimate concern could
be that the location of the camps could be linked to unobserved village character-
istics. In that case, any association between the number of refugees and welfare
measures of domestic inhabitants will likely be driven by the underlying corre-
lation between the level of development of host regions and these two outcomes
rather than by the causal effect of the exposure to refugees. Baez (2007, 12) ar-
gues that this is the case in Kagera. We disagree with him on this. First of all,
controlling the border was not at all something in the hands of the local author-
ities. The refugee inflow was so massive that at that time, it was before all a
security issue and borders were of the military resort. The choice of location was
mainly taken by the Ministry of Home Affairs and UNHCR. Among the criteria
reported to have been used, there was an important cost issue. As described in
the contextual section of this chapter, the refugee inflow was the largest in UN-
HCR history and highly unanticipated. In October-November 1993, the influx of
refugees was so sudden that refugees stayed close to local communities, without
formal assistance up to April 1994. They were so numerous that it was reported
to be too costly to move them far away from the border. Therefore, contrary to
the UNHCR handbook of Emergencies and international law recommendations,
refugee camps were located pretty close to the border. So, if there was a choice

business activities. In this case, the coefficient of those initially involved in business is negative,
while the one for the livestock activities is not significant.
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of location to be made, this choice was restricted in the area close to the border.
In addition, as confirmed by officials, this was reinforced by the willingness of
the Tanzanian government to ease the repatriation process and reduce as quick as
possible the risk to create a small Rwandan or Burundian conflict within the Tan-
zanian borders. Such geographic restrictions on the choice of location certainly
reduce the endogeneity problem. Our identification strategy indeed rests on the
fact that there was no choice of location between far away and close villages.

Still, if one is not yet convinced by the above qualitative argument, we can
make an educated guess as to the likely sign of any bias in case of endogenous
location. We indeed regress in the part a of Table 4.3, the refugee presence on our
explanatory variables and the real consumption per adult equivalent, all defined
in 1991, i.e. before the refugees arrived. Although the fit of the regression is
particularly low in such a cross-sectional setting, regressions (1) and (2) indicate
that the refugee presence is negatively and significantly associated with the initial
level of real consumption per adult equivalent. It is therefore difficult to argue that
migrants choose themselves the best location from an economic point of view and
that our results would be upward biased. On the contrary, in case of an unlikely
endogenous choice of location, our results would then represent a lower bound
of the true impact. Furthermore, it is very unlikely that refugees were able to
foresee the most promising areas in terms of expected welfare improvements. By
adding the change in real consumption per adult equivalent between 1991 and
1993 as an explanatory variable, regressions (3) to (6) confirm that refugees were
unable to choose the locations with the most dynamic pre-existing trend in terms
of consumption per adult equivalent. That constitutes some first evidence that
refugee-hosting areas were not on a welfare-improving trend before the refugees
arrived. The next section will discuss further the - sometimes called - common
trends assumption. 24 All these results suggest that the refugee-hosting areas
were not very attractive places for potential migrants, making very unlikely the
argument according to which refugees would have chosen more attractive places
of residence (before UNHCR established the camps) and would therefore bias
upward our results.

Common trends assumption

Working with traced households overtime, our identification strategy rests on the
assumption that households located in villages close to refugee camps would fol-
low a similar trajectory in absence of refugees, in terms of real consumption per
adult equivalent than households living in far away villages. The validity of such
common trends assumption is difficult to assess as it is based on the counter-

24As explained above, our fieldwork suggests that if there was a choice of location, it was made
within the border areas, i.e. the districts of Ngara and Karagwe. Therefore, we replicate a similar
exercise in the part b of Table 4.3, restricting the data to those from the districts of Ngara and
Karagwe. Similar results are found.
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factual situation. Nevertheless, to assess this fundamental assumption, we con-
struct the same variables for an additional pre-refugee year (i.e. before 21 October
1993). We could then assess whether in absence of refugees, all households and
villages are likely to follow parallel paths overtime in terms of real consumption
per adult equivalent. In other words, we proceed to a “Placebo” test, seeking to
see whether differences of outcomes could be explained by the refugee presence
when refugees were not yet present.

Based on a sample followed between 1991 and 1993 or on our original sam-
ple followed between 1991 and 2004 (with an additional year, 1993), Table 4.4
suggests that the positive effect of the RI index on real consumption per adult
equivalent cannot be explained by changes occurring before the refugees arrived.
The same conclusion could be drawn when conditioning the impact of the refugee
presence on the initial household occupation. However, there is one exception.
We cannot exclude the possibility that those initially involved in self-employed
agricultural activities in future refugee-hosting villages stood already on a posi-
tive trend in terms of real consumption per adult equivalent before the refugees
arrived. Still, regressions (7) and (8) of Table 4.4 indicate that when controlling
for this pre-existing trend, the observed refugee presence keeps a positive and
significant coefficient for those initially involved in those activities.

4.5.2 Assumptions imposed by the theoretical framework

Our theoretical model provides a simple framework to think about the effects
of the refugee presence on the goods and labour markets. Still, this model im-
poses some particular assumptions on the interpretation of our results. Section
4.3 describes a closed economy with no labor adjustments. Agricultural workers
suffer the most on the labour markets as they are assumed to be perfectly substi-
tuable with refugees, while the non-agricultural workers are perfect complements
to these newcomers. Allowing for geographical mobility should reduce the im-
pact of the refugee inflows. For example, migration of agricultural workers and
attraction of non-agricultural workers should lead to an equalization of the fac-
tor prices on the labour markets. Similarly, allowing for occupational mobility
should also reduce the differences of pay-offs generated by the refugee inflows.
Therefore, our baseline results may have underestimated the impact of the refugee
inflows on the hosting-population. The purpose is not to contribute to the theo-
retical literature by relaxing these assumptions but to investigate how our results
and their interpretation may change by altering these two restrictions. Finally, we
will also discuss the linear nature of the impact of the refugee presence that we
have assumed so far.
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Allowing for geographical mobility

Migration has always been an important phenomenon in the region of Kagera. 25

Here, our intention is not to provide a detailed analysis of the migration dynamics
but to assess the way migratory behaviour could affect our results. On the one
hand, a catastrophic view on the refugee crisis might suspect the coefficient of the
RI index to be overestimated because of an attrition problem. In other words, if
local people tend to die (e.g. due to disease) or escape the refugee-hosting areas
(without being traced) much more in refugee-hosting areas than in other villages,
our results might only reflect the change of welfare of those better equipped to
face such a shock. However, given the lower attrition and emigration rates de-
picted in Figure 4.3, we can rule out this possibility. Similarly, testing the effect
of the refugee presence on the household probability to migrate by 2004 with the
means of a non-linear probit model in Table 4.5 gives a coefficient of -0.542***
(equivalent to an average partial effect of about -0.179) and of -0.356*** (equiva-
lent to an average partial effect of about -0.126), when the same control variables
(defined in 1991) as in the baseline estimations are introduced. On the other hand,
the opposite might also be true. Hatton and Tani (2005) and Card (2005) show
that the estimate of the impact of migrants on the labour markets may be down-
ward biased, when possible native displacements are neglected. In other words,
the refugee presence seems to be associated with lower incentives to migrate but
the way it affects the results might depend on who is migrating. Assume that
some agricultural workers have migrated outside the region of Kagera following
the influx of refugees, we would then underestimate the impact of the refugee
presence on the households initially holding this activity as a main occupation.
Table 4.5 does not seem to point towards that adjustment mechanism. The only
activity which is positively associated with migration in refugee-hosting areas
seems to be the self-employed agricultural occupation. This suggests that house-
holds initially involved in this occupation were more likely to migrate than other
households. The previously found positive coefficient in our baseline estimations
for these households would then constitute a lower-bound estimate.

Another approach is to see how the inclusion of these migrants would actually
alter our main results. Table 4.6 introduces the households that have migrated
outside the region of Kagera by 2004. Simply extending the sample does not
seem to alter our baseline results. Nevertheless, the main challenge is to deal
with the fact that any migration decision will be endogenous to the changes in
real consumption per adult equivalent. Extending the sample to households that
have moved from their original communities seem particularly important in the

25Collier et al. (1986) already stated that “In Tanzania migration is known to be a phenomenon
with a long history which affects a very substantial part of the population.” In our sample, we
have about 608 individuals out of 3510 individuals who have moved outside their village (or a
neighboring village). Interestingly, it is only slightly lower than the more restrictive (outside
original village) ratio (27 %) obtained by Collier et al. (1986) with another sample and at another
time.
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region of Kagera, where welfare assessments have been shown to vary greatly
depending on the inclusion of the migrants (Beegle et al., 2010). Nevertheless,
the same authors also underline that controlling for fixed household heterogene-
ity and time-varying household characteristics may not be enough to deal with
the endogenous nature of the migration decision. Unobserved factors may af-
fect both the dependent variable and the migration decision, while simultaneity
is also an obvious threat to consistency. Although the migration variable is not
our main variable of interest, we deal with this simultaneity issue by computing
two instrumental variables. On the one hand, we compute the proportion of mi-
grants within the initial extended household that migrated before 1991. 26 This
variable could positively affect the probability of any household member to mi-
grate due to network effect. Alternatively, a negative sign may indicate that the
household cannot afford to loose additional members. On the other hand, we
compute a dispersion measure of the non-migrating households that belong to
the same initial household as a proxy for ties (cohesion) existing within the ex-
tended family. Controlling for the fact to be a split-off households, such variable
should proxy for some forms of non-economic costs to migrate and is computed
as the squared root of the average squared distances. It is a special case of the
general association found between heterogeneity within the initial household and
the probability of household division (Foster and Rosenzweig, 2002). Both in-
struments seem to be highly relevant in Table 4.7. The exogenous nature of the
instruments rests on the economic independence of the households belonging to
the same extended family. Otherwise, both instruments could affect the dependent
variable through another channel that the migration decision. Beyond the usual
exogeneity test that unambiguously accept the null hypothesis of no correlation
between the instruments and the error term, Table 4.8 provides the main result
of a method proposed by Altonji et al. (1992) and Witoelar (2005), seeking to
actually test the independence between these households belonging to the same
extended family. 27 Using an initial household fixed effect, an altruist house-
hold would result in a distribution of consumption per adult equivalent within the
extended family independent of the distribution of income (net of remittances).
Table 4.8 strongly rejects the null hypothesis of altruism among households of
our sample, as the income net of transfers positively affects the consumption per
adult equivalent when controlling for an initial household fixed effect and other
time-varying household characteristics. This result holds, using different samples
and different instrumental variables to deal with the potential endogeneity of the

26In 1991, households report the number of migrants that belong to the family. We therefore
reconstruct the initial extended household.

27This altruist test can also be seen as a justification for the particular structure we impose to
our baseline specifications by adopting a household fixed effect specification. First, the use of a
household fixed effect imposes the assumption that the split-off households become independent
from its initial household. A different assumption would be that the split-off households are
altruist vis-à-vis their family and therefore, pool all their income and their consumption with their
initial household.
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income variable. 28 We can also be fairly confident that our 2SLS procedure are
not subject to weak instruments. 29 Table 4.7 confirms that our baseline results
should be seen as a lower-bound estimation.30 Controlling for the migration sta-
tus and the endogenous nature of this migration decision, the positive coefficient
of the RI index is even stronger in this setting. We found again that households
initially involved in agricultural self-employed activities benefit from the cheap
labor force provided by the refugees and potentially from the increase in prices of
some goods. The negative and significant coefficient for those initially involved in
non-agricultural self-employed activities is also confirmed. The fact that the co-
efficient of the agricultural worker becomes non-significant, suggests some forms
of adjustment over space. This result also backs Beegle et al. (2010) conclusion
on the need to incorporate migration for basic welfare assessment. 31

Allowing for occupational mobility

The theoretical model assumes that household occupations are fixed. Although
one may conjecture that movements across occupations is even more constrained
than movements across locations (Card, 2009; Friedberg, 2001), we cannot ex-
clude this possible source of household adjustments. Occupational mobility may
have actually biased downward the coefficients obtained under our baseline esti-
mations. For instance, assume that agricultural workers are able to move to more
rewarding activities following the refugee inflows, the size of the above estimated
coefficient for this activity would be downward biased. We face a similar diffi-
culty as in the previous section, regarding the endogenous nature of the decision

28More information is given in the explanatory note of Table 4.8. For comparability reasons, we
first use the instruments proposed by Witoelar (2005), i.e. the value of farm productive equipments
and of non-farm productive assets. However, we have some doubts about the exogenous nature
of these instrumental variables. Said differently, we might suspect these variables to affect the
consumption variable, by another channel than the income effect. Therefore, we introduce the
distance through road networks to the main trading partner as an instrumental variable. The first-
stage regressions are also provided in Table 4.8. Such instrumental strategy is applied to both
samples, excluding or including the households migrating from their baseline communities.

29In addition to the relatively high Kleibergen-Paap Wald statistics, the just-identified estimate
and the limited information maximum likelihood (LIML) estimators provide very similar results.
On the one hand, the just-identified estimate is median-unbiased and given in columns (1) to (4) of
Table 4.7. On the other hand, the LIML estimator is also approximately median-unbiased (Angrist
and Pischke, 2009). Results are available on request and all the coefficients obtained under LIML
keep at least, the same level of significance.

30Note that like in Table 4.5, the decision to migrate is negatively associated with the refugee
presence in the first-stage estimation. Unlike Table 4.5, when controlling for unobserved house-
hold characteristics, non of the interaction terms between the initial main occupations and the
refugee presence affects migratory behaviour.

31We also test the robustness of our results to the inclusion of a migration variable interacted
with the presence of refugees and instrumented in a similar fashion. Without altering the main
results of our baseline specifications, none of the migration-related variables are significant in
such a setting.
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to change the main occupation of the household. The caveat is even more marked,
given the impossibility to find an IV candidate that would explain the change in
occupations without affecting the change in real consumption per adult equivalent
through another channel than the change in occupation. Like in the previous sec-
tion, we undertake a thought experiment to assess how our results would be mod-
ified through occupational mobility. Table 4.9 proceeds to a Fixed Effect Logit or
also called conditional Maximum Likelihood Estimation. Each regression seeks
to identify whether the refugee presence has affected occupational mobility by
conditioning the estimation on those households which switch from or to a par-
ticular occupation. As expected, Table 4.9 indicates that the probabilities to en-
ter into self-employed agricultural activities and non-agricultural labour increase
with the refugee presence. This is consistent with these activities having become
more rewarding in refugee-hosting areas. Similarly, the probability to exit from
agricultural labour as a main household activity increases with the refugee pres-
ence. Despite the fact those initially involved in self-employed non-agricultural
activities have experienced a welfare deterioration in refugee-hosting areas, the
probability to enter into these activities increases following the massive inflows
of refugees. Such a result is consistent with the previous explanation given for
the puzzling discrepancy with the theoretical model. The increase in probability
to enter in self-employed non-agricultural activities is consistent with improved
pay-offs to be reaped from this occupation. Nevertheless, those initially involved
into businesses did not benefit from the refugee-related business boom, follow-
ing the entry of large-scale and more efficient entrepreneurs from other regions.
All in all, with the exception of those involved in self-employed non-agricultural
activities, our baseline results could be again seen as a lower-bound estimation.

Linearity of the refugee presence impact

Although the impact is differentiated depending on the household initial occupa-
tions, we find an average or aggregated positive effect of the refugee presence on
the welfare of the hosting population. So far, we have assumed that the effect of
the refugee presence is linear. However, our fieldwork raised the question of the
non-monotonic nature of the relationship between the refugee presence and the
welfare of the hosting population. As a matter of final discussion, we would like
to investigate further the existence of such a non-monotonic relationship. Intro-
ducing the square of the RI index does not alter very much the results. Regressions
(1) and (2) of Table 4.10 do not show any non-monotonic relationship between the
RI index and the welfare of the hosting population. 32 Still, our fieldwork points to
the non-linearities induced by the proximity to the refugee camps. Under imper-

32No non-monotonic relationship is found when we estimate interval coefficients. Computing
a dummy for each quartile of the RI index distribution, only the one corresponding to the most
affected villages is positive and significant. This provides also some guarantees about the localized
nature of the refugee shock.
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fect mobility of households, we indeed expect those very close to refugee camps
to be the most negatively affected by the strong and highly localized negative
externalities. On the contrary, at some distance, households may be able to mini-
mize these externalities, while reaping the benefits of the proximity to the camps
(assuming these benefits to spread in a much smoother way over space). Control-
ling for the average refugee population over the 13 camps, proximity to refugee
camps increases real consumption per adult equivalent. Proximity to village v is
computed as

∑13
c=1 p̃op/dv,c where p̃op is the average refugee population. Such a

proximity has a non-monotonic relationship with the dependent variable, as the
effect is found to be negative for those very close to these camps. In contrast,
when controlling for the proximity to the camps, the size of the refugee camps
indeed has a non-monotonic relationship, but the reverse that what was expected
from a spatial point of view. Such a result may seem surprising but it suggests
that a minimum mass of refugees is needed to generate positive externalities that
would benefit the local population. Such a scale effect would deserve further
theoretical and empirical investigation. Research is currently undertaken to ex-
plore how the provision of local public goods and the concentration of economic
activities around the refugee camps could explain this scale effect on welfare.

4.6 Conclusions

Following an iterative field visit, this chapter sheds some light on the impact of
refugee inflows on their local hosts. Contrary to conventional wisdom, we found
on average a positive impact on welfare. However, such an impact is highly differ-
entiated among the refugee-hosting population. The agricultural worker suffered
from fiercer competition on the labour markets and increased prices on the goods
markets. On the policy side, programs (e.g. education, microfinance, etc) could
target those agricultural workers to help them to cope with such a shock. In con-
trast, contitional on the validity of the common trends assumption, those involved
in agricultural activities as self-employed farmers, have benefited from the sup-
ply of a cheap labour force. In disagreement with our theoretical predictions, the
self-employed in non-agricultural activities do not seem to have improved their
welfare, the opposite is the case. Such results contrast with the business boom
reported by interview respondents during our fieldwork. Possible reconciliations
might call for integrating an increase in competition (with selection effect) into
our theoretical framework. Understanding further the factors affecting the entry
and exit into such activities is certainly a subject for further work and could pave
the way for more policy-oriented conclusions aiming at easing the adoption of
coping strategies by the local population following such a refugee inflow.

Furthermore, our empirical analysis supports the hypothesized non-
monotonic relationship according to which negative externalities (environmental
degradation, security issues, disease spread, etc) would overcome the economic
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benefits in villages very close to refugee camps. Nevertheless, we found an unex-
pected scale effect whose understanding would deserve further investigation. Un-
derstanding the nature of these findings could lead to a radical change of paradigm
regarding the impact of refugees on the local population. Along with minimiz-
ing the negative externalities, improving the capabilities of the local people to
cope with such a structural change and eventually, integrating progressively these
refugees into the local economy, the presence of refugees could actually constitute
a unique asset (rather than a burden) to break down some traps of underdevelop-
ment.

Finally, the results on the distribution of the welfare net gains among the
refugee-hosting population shed a new light on the literature seeking to assess
the impact of migrants on local economies. The distributional effects are un-
likely to differ from the ones expected from unforced migrants. However, further
research is needed with respect to the external validity of the net or aggregate ef-
fect found in this chapter. It seems difficult to generalize our results to unforced
migrants regarding the average or aggregate effect. On the one hand, refugees
differ in their lower expected impact on public finances compared to economic
migrants that could affect both social security and pension systems (Razin and
Sadka, 1999). On the other hand, refugee inflows go along with a large spec-
trum of free-delivered services by NGOs and international organizations to the
local population. Lastly, the generalization of the net or aggregate effect to other
refugee flows constitutes a subject of further investigation.
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4.7 Appendix
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Figure 4.1: Refugee camps in the region of Kagera

Note: UNHCR Regional Spatial Analysis Lab (Nairobi) and fieldwork geographic coordinates

Table 4.1: Descriptive Statistics
Observations Mean Std. Dev. Minimum Maximum

Log(Vh,t) 4804 12.20653 .6196088 9.761723 14.68806
Log(RIv(h), t) 4804 4.381322 4.413052 0 10.47111
Agri. Self(1991) 4804 .3182764 .4658559 0 1
NonAgri L (1991) 4804 .1355121 .3423053 0 1
Agri L (1991) 4804 .1519567 .3590163 0 1
NonAgri Self (1991) 4804 .2745629 .4463402 0 1
Age of Head 4801 45.78609 16.94323 7 99
Education of Head 4804 4.863863 3.566301 0 22
Female and Married Head 4804 .0135304 .1155426 0 1
Female and Non-Married Head 4804 .209617 .4070776 0 1
Male and Unmarried Head 4804 .1086595 .3112439 0 1
Split-off HH 4804 .3259784 .468788 0 1
Prop. Literate HH 4804 .477895 .2621327 0 1
Adults 4804 3.130308 1.724909 0 13
Natural Disaster 4290 .734965 .4414033 0 1
Rainy Days (5-yrs avg) 4290 101.1521 20.47617 65.6 145.6
Epidemic Disaster 4290 .4228438 .4940686 0 1
Migrationa 5290 .1534972 .3605001 0 1
Initial HH Prop. Migrantsa 5290 .0425926 .1035162 0 .8
Dispersiona 5008 1.772995 4.513837 0 43.74694

a means that descriptive statistics are computed on the sample including migrants.
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Figure 4.2: Change in consumption per adult equivalent, by initial poverty groups

Note: Following Collier et al. (1986), we transformed the consumption data of the KHDS data by
adult equivalent and taking into account price differences between locations. Based on 1991 data,
we create four groups, which should reflect the level of poverty in the sample. The identification
of people in a village close to a refugee camp is based on the reply from the community leader to
the KHDS question “were there any refugee settlement closed by?”. Similar contrasts are given
when based on the median-value of the RI index described in section 4.4.1.
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Figure 4.3: A refugee camp is not only a dispersion force

Note: Own calculation based on the Kagera Health and Development Survey
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Figure 4.4: Villages of the KHDS sample
Note: Kagera Health and Development Survey 2004
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Table 4.2: Baseline results
(1) (2) (3) (4) (5) (6) (7) (8)

POLS POLS VFE VFE HHFE HHFE HHFE(+) HHFE(+)
Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t)

Log(RI) -0.0985*** -0.118*** 0.0669** 0.0481 0.0616* 0.0829** 0.0426 0.0623*
(0.0264) (0.0265) (0.0328) (0.0329) (0.0320) (0.0338) (0.0323) (0.0339)

[0.144] [0.187]
Agri. Self(91) 0.00810** 0.00578 0.00751* 0.00796**
*Log(RI) (0.00399) (0.00378) (0.00397) (0.00402)

[0.126]
NonAgri. L -0.00970* -0.00965* -0.00664 -0.00658
(91)*Log(RI) (0.00549) (0.00537) (0.00549) (0.00552)
Agri. L(91) -0.00778 -0.00937** -0.00975** -0.00878*
*Log(RI) (0.00513) (0.00468) (0.00487) (0.00493)
NonAgri Self -0.0212*** -0.0160*** -0.0164*** -0.0179***
(91)*Log(RI) (0.00422) (0.00398) (0.00420) (0.00424)
Age 0.000587 0.000893 0.000424 0.000749 -0.00320*** -0.00359*** -0.00275*** -0.00309***
of Head (0.000554) (0.000550) (0.000537) (0.000540) (0.000902) (0.000890) (0.000897) (0.000884)
Education 0.0189*** 0.0145*** 0.0150*** 0.0119*** -0.00498 -0.00620 -0.00645 -0.00768
of Head (0.00292) (0.00293) (0.00289) (0.00289) (0.00503) (0.00499) (0.00503) (0.00502)
Female 0.0691 0.0422 0.0346 0.0178 0.0170 0.0232 0.0165 0.0204
Married (0.0754) (0.0750) (0.0708) (0.0726) (0.0993) (0.0964) (0.101) (0.0997)
Female -0.0814*** -0.0933*** -0.133*** -0.139*** -0.170*** -0.170*** -0.184*** -0.185***
NoMarried (0.0227) (0.0226) (0.0218) (0.0217) (0.0346) (0.0345) (0.0346) (0.0345)
Male -0.0573** -0.0583** -0.0906*** -0.0917*** -0.0308 -0.0170 -0.0373 -0.0221
NoMarried (0.0262) (0.0259) (0.0254) (0.0252) (0.0402) (0.0408) (0.0402) (0.0408)
Split-off 0.0461* 0.0442* 0.0486* 0.0512** 0.0528 0.0474 0.0600* 0.0543
HH (0.0264) (0.0262) (0.0251) (0.0250) (0.0333) (0.0336) (0.0333) (0.0336)
Prop. Lit. 0.564*** 0.561*** 0.475*** 0.479*** 0.365*** 0.351*** 0.379*** 0.365***
HH (0.0396) (0.0389) (0.0382) (0.0377) (0.0555) (0.0552) (0.0556) (0.0553)
Log(Adlt) -0.238*** -0.266*** -0.245*** -0.269*** -0.232*** -0.228*** -0.253*** -0.249***
HH (0.0181) (0.0184) (0.0178) (0.0182) (0.0271) (0.0273) (0.0271) (0.0273)
Natural 0.0280 0.0521*** -0.0796*** -0.0639** -0.0702*** -0.0896*** -0.0580** -0.0754***
Disaster (0.0190) (0.0189) (0.0260) (0.0260) (0.0272) (0.0281) (0.0271) (0.0281)
Rainy Day 0.00582*** 0.00438*** 0.00775*** 0.00720*** 0.00644*** 0.00739*** 0.00594*** 0.00678***
(5-yrs avg) (0.000427) (0.000441) (0.00135) (0.00135) (0.00119) (0.00151) (0.00120) (0.00151)
Epidemic 0.0636*** 0.0535*** -0.0357 -0.0335 -0.0332 -0.0355 -0.0301 -0.0326
Disaster (0.0166) (0.0165) (0.0224) (0.0223) (0.0226) (0.0235) (0.0227) (0.0235)
Acth,1991 incl. incl. drop drop drop drop drop drop
αt incl. incl. incl. incl. incl. incl. incl. incl.
αv incl. incl. incl. incl.
αh incl. incl. incl. incl.
Constant 11.33*** 11.42*** 11.20*** 11.22*** 11.76*** 11.04*** 11.81*** 11.09***

(0.0550) (0.0560) (0.140) (0.141) (0.134) (0.272) (0.134) (0.270)
Obs. 4220 4220 4220 4220 4220 4220 4220 4220
R2 0.259 0.285 0.370 0.386 0.279 0.309 0.290 0.320

*** p< 0.01, ** p< 0.05, * p< 0.1; Robust standard errors in parentheses.
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Table 4.3: Choice of location?
(1) (2) (3) (4) (5) (6)

HHFE HHFE HHFE HHFE HHFE HHFE
PART a Log(RI) Log(RI) Log(RI) Log(RI) Log(RI) Log(RI)
Log(Vh,1991) -0.205*** -0.0981*** -0.242*** -0.138***

(0.0197) (0.0188) (0.0232) (0.0213)
∆93−91Log(Vh,t) 0.00877 -0.0785*** -0.0269* -0.0754***

(0.0154) (0.0175) (0.0140) (0.0159)
Zh,1991 incl. incl. incl.
Qv,1991 incl. incl. incl.
Obs. 2360 2349 2318 2226 2307 2215
R2 0.047 0.226 0.000 0.051 0.213 0.235
PART b Log(RI) Log(RI) Log(RI) Log(RI) Log(RI) Log(RI)
Log(Vh,1991) -0.307*** -0.0488[0.125] -0.474*** -0.185***

(0.0374) (0.0318) (0.0432) (0.0412)
∆93−91Log(Vh,t) -0.258*** -0.393*** -0.183*** -0.257***

(0.0285) (0.0308) (0.0270) (0.0314)
Zh,1991 incl. incl. incl.
Qv,1991 incl. incl. incl.
Obs. 563 563 549 537 549 537
R2 0.073 0.536 0.078 0.234 0.584 0.603

Note: *** p< 0.01, ** p< 0.05, * p< 0.1; Between brackets, are included the p-value of coefficients close to

significance. Robust standard errors in parentheses. Part b replicates part a but restricting the sample to the two

bordering districts. Zh,1991 include the education, the age, the marital status by gender of the household head,

as well as the fact to be a split-off household, the proportion of literate household members, the number of adult

(transformed into logarithm) while Qv,1991 include the occurrence of natural and epidemic disasters as well as the

5-year average rainy days.
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Table 4.4: Assessing the common trends assumption
(1) (2) (3) (4) (5) (6) (7) (8)

HHFE HHFE HHFE HHFE HHFE HHFE HHFE HHFE
Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t)

Log(RIv,1993) -0.0169 -0.0169 0.0182 0.0194 -0.0282 -0.0282 0.00141 0.00264
(0.0250) (0.0250) (0.0244) (0.0244) (0.025) (0.025) (0.0243) (0.0244)

True Log(RI) 0.0566* 0.0633* 0.0307 0.0384
(0.0313) (0.0324) (0.0314) (0.0323)

Agri. Self(91) 0.0223*** 0.0223*** 0.0236*** 0.0236***
*Log(RIv,1993) (0.00327) (0.00327) (0.00332) (0.00334)
NonAgri. L(91) 0.00269 0.00269 0.00192 0.00195
*Log(RIv,1993) (0.00379) (0.00379) (0.00385) (0.00387)
Agri. L(91) -0.00591 -0.00591 -0.00375 -0.00367
*Log(RIv,1993) (0.0042) (0.0042) (0.00427) (0.00429)
NonAgri Self(91) -0.00366 -0.00366 -0.00463 -0.00461
*Log(RIv,1993) (0.00333) (0.00333) (0.00335) (0.00337)
Agri. Self 0.0161*** 0.0161***
(91)*Log(RI) (0.00418) (0.00423)
NonAgri. L(91) -0.00353 -0.00283
*Log(RI) (0.00575) (0.00573)
Agri. L(91) 0.00572 0.00620
*Log(RI) (0.00503) (0.00504)
NonAgri Self -0.0144*** -0.0159***
(91)*Log(RI) (0.00443) (0.00448)
Zh,t incl. incl. incl. incl. incl. incl. incl. incl.
Qv,t incl. incl. incl. incl. incl. incl. incl. incl.
αt incl. incl. incl. incl. incl. incl. incl. incl.
αv incl. incl. incl. incl.
αh incl. incl. incl. incl. incl. incl. incl. incl.
Obs. 4771 4771 6649 6649 4771 4771 6649 6649
R2 0.693 0.693 0.839 0.841 0.70 0.70 0.841 0.844

*** p< 0.01, ** p< 0.05, * p< 0.1; Robust standard errors in parentheses. Zh,t include
the education, the age, the marital status by gender of the household head, as well as the
fact to be a split-off household, the proportion of literate household members, the number of
adult (transformed into logarithm) whileQv,t include the occurrence of natural and epidemic
disasters as well as the 5-year average rainy days. The change in observations is explained
by the fact that regressions (1)-(2)-(5) and (6) exploit data on households followed over two
years (1991 and 1993) while regressions (3)-(4)-(7) and (8) on households followed over
three years (1991, 1993 and 2004
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Table 4.5: Geographical mobility
(1) (2) (3) (4) (5)

Probit Probit Probit Probit Probit
Dep. Var. Migration Migration Migration Migration Migration
Log(RIv,t) -0.266*** -0.214*** -0.396*** -0.356*** -0.542***

(0.0538) (0.0586) (0.0728) (0.0895) (0.0825)
APE -0.0945*** -0.0757*** -0.131*** -0.126*** -0.179***
Agri Self(91) 0.301** 0.305***
*Log(RI) (0.121) (0.105)
APE 0.106** 0.101***
NonAgri. L(91) 0.322** 0.00982
*Log(RI) (0.157) (0.154)
Agri. L(91) -0.110 0.225
*Log(RI) (0.165) (0.253)
NonAgri Self 0.0455 -0.0798
(91)*Log(RI) (0.139) (0.145)
Activityh,1991 incl. incl.
Zh,1991 incl. incl. incl. incl.
Qv,1991 incl. incl. incl. incl.
∆Qv,t incl. incl.
Obs. 2770 2759 2770 2759 2759
R2 0.0078 0.016 0.7538 0.0217 0.7571

*** p< 0.01, ** p< 0.05, * p< 0.1; Robust standard errors in parentheses. Zh,1991 include
the education, the age, the marital status by gender of the household head, as well as the fact
to be a split-off household, the proportion of literate household members, the number of adult
(transformed into logarithm) while Qv,1991 include the occurrence of natural and epidemic
disasters as well as the 5-year average rainy days. ∆Qv,t introduce the difference between
2004 and 1991 of the village-specific variables.
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Table 4.6: Including migrants
(1) (2) (3) (4) (5) (6) (7) (8)

HHFE HHFE HHFE HHFE HHFE HHFE HHFE HHFE
Dep. Var. Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t)
Log(RI) 0.0616* 0.0829** 0.0426[0.187] 0.0623* 0.0598* 0.0803** 0.0414 0.0599*

(0.0320) (0.0338) (0.0323) (0.0339) (0.0321) (0.0339) (0.0323) (0.0340)
Agri Self(91) 0.00751* 0.00796** 0.00744* 0.00796**
*Log(RI) (0.00397) (0.00401) (0.00397) (0.00401)
NonAgri. L(91) -0.00664 -0.00658 -0.00655 -0.00638
*Log(RI) (0.00549) (0.00551) (0.00549) (0.00552)
Agri. L(91) -0.00975** -0.00878* -0.00970** -0.00875*
*Log(RI) (0.00487) (0.00493) (0.00487) (0.00492)
NonAgri Self -0.0164*** -0.0179*** -0.0163*** -0.0178***
(91)*Log(RI) (0.00420) (0.00424) (0.00420) (0.00423)
Migration -0.0760 -0.139* -0.0567 -0.130[0.109]

(0.0886) (0.0814) (0.0896) (0.0809)
Zh,t incl. incl. incl. incl. incl. incl. incl. incl.
Qv,t incl. incl. incl. incl. incl. incl. incl. incl.
αt incl. incl. incl. incl. incl. incl. incl. incl.
αh incl. incl. incl. incl. incl. incl. incl. incl.
αv incl. incl. incl. incl.
Obs. 4526 4526 4526 4526 4526 4526 4526 4526
R2 0.279 0.309 0.290 0.320 0.279 0.309 0.290 0.321

*** p< 0.01, ** p< 0.05, * p< 0.1; Robust standard errors in parentheses. Zh,t include
the education, the age, the marital status by gender of the household head, as well as the
fact to be a split-off household, the proportion of literate household members, the number of
adult (transformed into logarithm) whileQv,t include the occurrence of natural and epidemic
disasters as well as the 5-year average rainy days. Regressions (5), (6), (7) and (8) differ from
(1) to (4) by introducing an -assumed exogenous- variable indicating whether the household
has migrated to another region or another country by 2004.
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Table 4.7: Allowing for geographical mobility
(1) (2) (3) (4) (5) (6) (7) (8)

HHFE(IV) HHFE(IV) HHFE(IV) HHFE(IV) HHFE(IV) HHFE(IV) HHFE(IV) HHFE(IV)
Dep. Var. Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t)
Log(RI) 0.144** 0.124** 0.149*** 0.137** 0.144*** 0.128** 0.192*** 0.185***

(0.0627) (0.0589) (0.0574) (0.0596) (0.0506) (0.0504) (0.0559) (0.0581)
Agri. Self(91) 0.0116** 0.0139** 0.0133** 0.0120**
*Log(RI) (0.00574) (0.00640) (0.00576) (0.00582)
NonAgri.L -0.00791 -0.00963 -0.00909 0.000983
(91)*Log(RI) (0.00858) (0.00941) (0.00890) (0.00972)
Agri. L(91) -0.00403 -0.00282 -0.00304 -0.00834
*Log(RI) (0.00684) (0.00736) (0.00697) (0.00794)
NonAgri Self -0.0199*** -0.0185*** -0.0182*** -0.0163**
(91)*Log(RI) (0.00619) (0.00687) (0.00645) (0.00643)
Migr 3.391 3.482 3.589* 4.058* 3.368** 3.615** 7.115** 7.720**

(2.302) (2.210) (1.905) (2.114) (1.419) (1.469) (3.056) (3.234)
Zh,t incl. incl. incl. incl. incl. incl. incl. incl.
Qv,t incl. incl. incl. incl. incl. incl. incl. incl.
αt incl. incl. incl. incl. incl. incl. incl. incl.
αh incl. incl. incl. incl. incl. incl. incl. incl.
αv incl. incl.
Obs. 3154 3154 2900 2900 2900 2900 2900 2900
K-P LM 11.229*** 11.573*** 7.91*** 7.409*** 16.906*** 16.59*** 12.053*** 11.342***
K-P Wald 11.709 11.976 7.567 7.063 8.652 8.479 5.922 5.555
Hansena Just Just Just Just 0.041 0.131 1.121 1.392
p-value (0.839) (0.71) (0.2898) (0.238)

FIRST-STAGE Migr Migr Migr Migr Migr Migr Migr Migr
Log(RI) -0.0228*** -0.0217*** -0.0199** -0.0186** -0.0214*** -0.0202** -0.0152*** -0.0155***

(0.00775) (0.00757) (0.00796) (0.00782) (0.00806) (0.00794) (0.00338) (0.00335)
Agri. Self(91) -0.00134 -0.00119 -0.00134 -0.000524
*Log(RI) (0.000904) (0.000931) (0.000948) (0.000515)
NonAgri.L 0.00101 0.00133 0.00150 -0.000273
(91)*Log(RI) (0.00153) (0.00163) (0.00163) (0.000980)
Agri. L(91) -0.000257 -0.000434 -0.000569 0.000343
*Log(RI) (0.00127) (0.00126) (0.00127) (0.000722)
NonAgri Self 0.000441 0.000637 0.000449 -0.000210
(91)*Log(RI) (0.00114) (0.00122) (0.00122) (0.000595)
Initial HH -0.0663*** -0.0704*** -0.0877*** -0.0923*** -0.0568*** -0.0574***
Prop. Migr. (0.0194) (0.0203) (0.0232) (0.0244) (0.0175) (0.0180)
Dispersion -0.00182*** -0.00175*** -0.00203*** -0.00197*** -0.000719** -0.000692*

(0.000660) (0.000660) (0.000678) (0.000678) (0.000361) (0.000366)
Zh,t incl. incl. incl. incl. incl. incl. incl. incl.
Qv,t incl. incl. incl. incl. incl. incl. incl. incl.
αt incl. incl. incl. incl. incl. incl. incl. incl.
αh incl. incl. incl. incl. incl. incl. incl. incl.
αv incl. incl.
Obs. 3154 3154 2900 2900 2900 2900 2900 2900

*** p< 0.01, ** p< 0.05, * p< 0.1; Robust standard errors in parentheses. Zh,t include the education, the age, the marital status by gender of

the household head, as well as the fact to be a split-off household, the proportion of literate household members, the holding of land assets, the number

of adult (transformed into logarithm) while Qv,t include the occurrence of natural and epidemic disasters as well as the 5-year average rainy days. a

The overidentification test was obtained by partialling out the village-specific variables. We first check that due to the Frisch-Wargh-Lovell theorem, the

coefficients of the remaining variables are unaltered. We then correct the covariance matrix to make the overidentification test feasible.
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Table 4.9: FE Logit: Probability to enter into the main household occupations
(1) (2) (3) (4)

FE logit FE logit FE logit FE logit
Dep. Var. Agri Selfh,t NonAgri Lh,t Agri Lh,t NonAgri Selfh,t
Log(RI) 0.296* 0.645** -0.730*** 0.905***

(0.161) (0.298) (0.210) (0.192)
Zh,t incl. incl. incl. incl.
Qv,t incl. incl. incl. incl.
αt incl. incl. incl. incl.
αh incl. incl. incl. incl.
Obs 1368 672 898 1662

Note: *** p< 0.01, ** p< 0.05, * p< 0.1; Between brackets, are included the p-value
of coefficients close to significance. Robust standard errors in parentheses. Zh,t include
the education, the age, the marital status by gender of the household head, as well as the
fact to be a split-off household, the proportion of literate household members, the number of
adult (transformed into logarithm) whileQv,t include the occurrence of natural and epidemic
disasters as well as the 5-year average rainy days. The change in observations is explained
by the fact that the Fixed Effect Logit only exploits data on households that switch from or to
a particular occupation.

Table 4.10: Non-monotonic relationship?
(1) (2) (3) (4) (5) (6) (7) (8)

HHFE HHFE HHFE HHFE HHFE HHFE HHFE HHFE
Dep. Var. Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t) Log(Vh,t)
Log(RI) -0.413[0.191] -0.401 -1.304*** -1.341***

(0.316) (0.328) (0.451) (0.475)
Log2(RI) 0.207[0.118] 0.210[0.126] 0.486*** 0.504***

(0.133) (0.137) (0.168) (0.176)
Log(Prox) 0.193*** 0.236*** 2.156* 1.989* 0.612*** 0.639***

(0.0724) (0.0754) (1.171) (1.210) (0.198) (0.205)
Log2(Prox) -0.431* -0.385[0.151]

(0.259) (0.268)
Zh,t incl. incl. incl. incl. incl. incl. incl. incl.
Qv,t incl. incl. incl. incl. incl. incl. incl. incl.
αt incl. incl. incl. incl. incl. incl. incl. incl.
αv incl. incl. incl. incl.
αh incl. incl. incl. incl. incl. incl. incl. incl.
Obs. 4238 4238 4238 4238 4238 4238 4238 4238
R2 0.277 0.307 0.277 0.307 0.278 0.308 0.280 0.311

Note: *** p< 0.01, ** p< 0.05, * p< 0.1; Between brackets, are included the p-value
of coefficients close to significance. Robust standard errors in parentheses. Zh,t include
the education, the age, the marital status by gender of the household head, as well as the
fact to be a split-off household, the proportion of literate household members, the number of
adult (transformed into logarithm) whileQv,t include the occurrence of natural and epidemic
disasters as well as the 5-year average rainy days.
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