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Abstract

Drawing from 17 rounds of harmonised census data, this paper explores the link between
climate variability and internal migration across six Sub-Saharan African countries. This
study uses high-resolution precipitation and temperature data to construct two sets of
measures capturing climate variability, the intensity of climate anomalies and the exposure to
climate extremes. Two complementary hypotheses are tested: (1) whether climate variability
increases the likelihood to migrate across provinces, and (2) if this effect is more pronounced
for urban-bound migration. Overall, our analysis yields mixed conclusions. First, our results
indicate that prolonged exposure to climate extremes such as droughts and cold snaps
discourages migration across provinces. Second, most of the climate measures decrease the
odds of urban-bound migration, therefore suggesting the existence of an immobilising effect
through which climate change lowers the resources needed to finance the cost of migrating.
Notwithstanding the limitations of this study, this research provides the first evidence of the
climate inhibitor mechanism of internal migration across a large geographical area of
relatively poor Sub-Saharan countries.
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Introduction

1.1 Research Problem

It is now widely accepted that we are entering a period of unprecedented change in the Earth’s
climate, mainly caused by human activity (UNFCCC, 1992). Climate change manifests in more
frequent extreme climate events such as floods, storms, droughts and heat waves, to only name a
few (UNGA, 2009). The various effects of climate change have and will trigger adverse
consequences on our ecosystems, yet much controversy remains concerning its impact on our
societies and particularly on human mobility patterns.

On the one hand, some studies have made sweeping predictions about mass migrations to come.
Projections on the number of climate migrants by 2050 range from 50 million (Myers, 2002) to 1
billion (Christian Aid, 2007), yet these estimates generally lack strong empirical evidence
supporting their claim (Gemenne, 2011; Missirian & Schlenker, 2017). On the other hand, micro-
level evidence challenge this simplistic common narrative by revealing complex migration
patterns (among others: Baez et al., 2017a; Gray & Mueller, 2012; Nawrotzki et al., 2017).
Whereas most studies conclude that climate change can induce migration, evidence shows that
migratory responses are not “monolithic and unidirectional” (Gray & Wise, 2016, p.556). As
much uncertainty still prevails about the relationship between climate change and migration, this
paper seeks to unravel the micro-level evidence at a regional scale for six Sub-Saharan countries.
More specifically, this study aims to address three main shortcomings identified in the recent
literature on climate change and migration.

First, due to the absence of harmonised migration dataset, a vast majority of these studies are
based on single-country analysis and have a geographically-narrow focus. Consequently, the
generalisability of much-published research on this issue is problematic as the results are likely to
capture results that are either biased, time-specific or country-specific (Gray & Wise, 2016).
Second, a number of studies focus on a single climate anomaly derived from precipitation data,
thus omitting its interdependence with temperature anomalies. Even though the latter tend to have
a greater impact on migration in comparison to that of precipitation (Bohra-Mishra, Oppenheimer
& Hsiang, 2014). Third, most studies generally capture a single aspect of climate variability which
does not allow them to capture the different migratory responses to both slow and sudden-onset
climate events (Mastrorillo et al., 2016).

1.2 Aim and Scope

This paper addresses these limitations by shedding light on the impact of climate variability on
internal migration across six Sub-Saharan African countries. To provide a better framework for



this analysis, the research questions of this paper can be formulated as follows: Does climate
variability affect the decision to migrate across provinces? If so, does climate change play a role
in the urbanisation of cities? Therefore, two complementary hypotheses are tested:

(1) Climate variability has a positive impact on the likelihood to migrate across provinces.
2) Climate variability is more likely to trigger inter-provincial migration to urban areas than
to rural ones.

Using precipitation and temperature data spanning from 1961 to 2012, this study examines two
aspects of climate variability. One is gradual climate changes which are referred to as multi-period
deviations from a long-term mean. The second captures the length of exposure to climate extremes
(Thiede, Gray & Mueller, 2016). Measures of climate variability are merged to harmonised census
data for Burkina Faso, Botswana, Kenya, Mozambique, Tanzania, and Zambia, covering roughly
30 years (1979-2012).

Overall, our analysis yields mixed conclusions. While previous evidence had shown that human
mobility could serve as an adaptation strategy facing climate change, our results indicate that
prolonged exposure to climate extremes such as droughts and cold snaps discourages migration
across provinces. Second, most of the climate measures decrease the odds of urban-bound
migration, therefore suggesting the existence of an immobilising effect through which climate
change lowers the resources needed to finance the cost of migrating. Overall, our results indicate
that climate variability is likely to act as a climate inhibitor reducing inter-province migration.
While the identification of the channels affecting the relationship is beyond the scope of this
research, we suggest that the effect runs through the “agricultural pathway” by lowering
agricultural productivity and the resources needed to finance the cost of moving.

Besides overcoming the three limitations of the climate change migration research, this study adds
to the literature in several ways. First, this research addresses the extensive theoretical literature
on the determinants of migration. We argue that climate variability is likely to exacerbate already-
existing economic, political and demographic push factors of migration (Black et al., 2011a).
Second, this paper addresses the growing micro-level literature linking climate change to
migration. This study is, to the best of our knowledge, the first study pooling six Sub-Saharan
countries over a period of roughly thirty years. Other studies have looked at the climate-migration
relationship with fewer Sub-Saharan African countries (Cattaneo & Massetti, 2015; Gray & Wise,
2016; Nawrotzki, Schlak & Kugler, 2016) or have investigated this relationship in other continents
(Baez et al., 2017a, 2017b; Thiede, Gray & Mueller, 2016). Finally, this study is also relevant to
the relatively scarce micro-level evidence dealing with the impact of climate change on
urbanisation in Sub-Saharan Africa. By identifying the climate factors preventing individuals from
migrating, our study highlights the need for policymakers to reduce the climate vulnerability of
people living in rural areas by facilitating migration.



1.3 Outline of the Thesis

The remaining part of the paper proceeds as follows. Section 2 reviews the literature. Section 3
presents the different sources of data used in this paper. Section 4 exposes the construction of the
climate variables together with the model used to test the above-mentioned hypotheses. At last,
Section 5 discusses the results of the empirical analysis.



2  Literature Review

2.1 Conceptual complexity

The absence of conceptual clarity on the definition of key terms describing the climate-migration
phenomenon sparked much debate in the literature. Indeed, the discussion on climate migration is
hampered by a lack of consensus on the terms to describe the people affected, whether they should
be called refugees, migrants or displaced people (McAdam, 2009). After introducing key
definitions of climate change and its manifestations, this section aims at summarising this
overarching issue and its implications in the climate change-migration research.

2.1.1 Climate change

Before delving into the nature of the debate, we first define climate change and its manifestations.
This paper follows the United Nations Framework Convention on Climate Change (hereafter
UNFCCC) definition of climate change which is defined as “a change of climate which is
attributed directly or indirectly to human activity that alters the composition of the global
atmosphere and which is in addition to natural climate variability observed over comparable time
periods” (UNFCCC, 1992, p.7).!

Studies assessing the relationship between climate change and migration typically investigate one
of the two types of disruptions intensified by climate change: sudden-onset or slow-onset events.
Sudden-onset events also referred to as extreme weather events, are due to disasters that are either
natural or anthropogenic. They include flash floods, earthquakes, landslides, tsunamis, hurricanes,
and wildfires, among others (UNGA, 2016). Climate change also manifests in slow-onset events
having a gradual and less destructive impact than that of disasters. As recognized in the Cancun
Agreement, rising temperatures, droughts, desertification, loss of biodiversity, land and forest
degradation, glacial retreat, ocean acidification, sea level rise and salinization capture the long-
term effects of climate change (UNFCCC, 2011). Considering both sudden and slow-onset events
allows a diversity of adaptation techniques to be captured. Indeed, evidence shows that different
measures of climate change are likely to have multi-directional impacts on migration (Thiede,
Gray & Mueller, 2016). In the light of this dichotomy, this paper uses monthly temperature and
precipitation data to capture two aspects of climate variability: the intensity of climate anomalies
over several periods (slow-onset events) together with the cumulative exposure to climate
extremes (sudden-onset events).



Another significant aspect of climate change stems from its exacerbation of already-existing
social, economic and environmental instabilities. Climate change acts as a “threat multiplier” as it
widens social and economic inequalities, intensifies political instability over resource
management, and increases the frequency and intensity of natural disasters, to only name a few
(UNGA, 2009). Populations living in developing countries are therefore particularly vulnerable to
the direct and indirect effects of climate change. For instance, as their livelihood is mostly based
on agricultural production, they are, by nature, very sensitive to climatic events (Wineman et al.,
2015). Additionally, in the absence of access to formal financial services, smallholder farmers
have limited means of insurance against unpredicted risks (Ravallion & Chaudhuri, 1997).
Consequently, physical mobility and more especially temporary and permanent migration
represent an important risk-management strategy to adapt to climate change (Hallegatte, S., Vogt-
Schilb, A., Bangalore, M., & Rozenberg, 2017).

2.1.2 Climate refugee debate

Despite the undeniable impact of climate change on migration patterns, categorising the climate
displaced people has sparked much debate in the literature. First introduced by Lester Brown of
the Worldwatch Institute in the 1970s, the concept of environmental refugees has occasionally
been used by researchers to refer to various populations movements linked to climate change
(Black, 2001). However, these definitions do not always encapsulate the same patterns. El-
Hinnawi (1985) originally defined environmental refugees as “people who have been forced to
leave their traditional habitat, temporarily or permanently, because of a marked environmental
disruption (natural and/or triggered by people) that jeopardized their existence and/or seriously
affected the quality of their life” (El-Hinnawi, 1985, p.4). In comparison, Bates (2002) proposes a
rather vague definition of environmental refugees as “people who migrate from their usual
residence due to changes in their ambient non-human environment” (Bates, 2002, p.468). Others
such as Renaud et al. (2007) first defined environmental refugees based on a differentiation of the
type of environmental stressor. Environmental refugees, as opposed to environmentally motivated
migrants and environmentally forced migrants, were defined as people that flee the worse
environmental events either temporarily or permanently.” Nevertheless, Castles (2002) and Black
(2001) claim that since the decision to migrate is influenced by a multitude of interwoven factors,
isolating environmental factors to deduce a definition of “environmental refugees” is misleading.
Furthermore, the problem also lies in the absence of differentiation with other refugees. As
defined by the 1951 United Nations Convention on Refugees and its 1967 Amendment, a refugee
is “someone who is unable or unwilling to return to their country of origin owing to a well-
founded fear of being persecuted for reasons of race, religion, nationality, membership of a
particular social group, or political opinion” (UNHCR, 1967, p.3). The designation of migrant or
refugee is therefore ultimately linked to whether people leaving their homes have control over this
decision (Bates, 2002). Current research proves that climate change triggers heterogeneous
migration patterns, comprising both voluntary and forced population movements, thus
supplementing the existing conceptual complexity (Black et al., 2011a).
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This on-going academic debate has, as of today, prevented an international recognition of the
terms “environmental refugees” or “environmental migrants” which hampers the climate change
migration research. Indeed, the lack of conceptualisation ultimately prevents studies from
generalising the impact of climate change and therefore from identifying those that are the most
affected. In the light of this debate, the definition of environmental migrants by the International
Organisation for Migration is adopted as a working definition. Environmental migrants are
defined as “persons or groups of persons who, predominantly for reasons of sudden or progressive
changes in the environment that adversely affect their lives or living conditions, are obliged to
leave their habitual homes, or choose to do so, either temporarily or permanently, and who move
within their country or abroad” (IOM, 2011, p.33). As of today, this definition appears to be
broader and more inclusive than previous definitions as it acknowledges the multifaceted,
multifactorial and multidirectional relationship between climate change and migration (Renaud et
al., 2011). Given this definition, this research aims to determine whether gradual climate changes
and climate extremes impact inter-province migration across six Sub-Saharan countries.

2.2 Theoretical Background

The determinants of migration are subject to complex interactions of push and pull factors, which
respectively capture forces related to the place of origin or destination (Lee, 1966). We attempt to
review these interrelated forces to shed light on the possible incentives to migrate together with
the selectivity of migration concerning climate change.

2.2.1 Migration theories

First, migration theories have attempted to summarise the economic push and pull forces
influencing the decision to migrate. Neoclassical models of migration suggest that differences in
net economic advantages, namely wages, are the primary motive behind migration (Sjaastad,
1962; Todaro, 1969). In this framework, a cost-benefit calculation determines whether individuals
choose to migrate (Massey et al., 1993). That is to say, individuals migrate if the expected benefits
in the place of destination (pull factor) minus the cost of moving exceed the expected benefits in
the place of origin (push factor) (Massey et al., 1993). In other words, neoclassical models of
migration rely on the rationality of agents that seek to maximize their lifetime utility to increase
their earnings in the future." The selectivity of migration is thus driven by specific individual
characteristics such as the level of education, skills or age which lead individuals to self-select
destinations based on where they can get higher expected earnings (Massey et al., 1993; Todaro,
1969). Given this theoretical framework, migration from rural to urban areas is considered as a
result of wages differentials (Lucas, 2004; Todaro, 1969).

Lacking a more comprehensive analysis of determinants other than expected income, the New

Economics of Labour Migration challenged some of the assumptions of previously existing
neoclassical models. The starting point of this new theoretical framework lies in the fact that the
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decision to migrate no longer takes place at the individual level but at the family or household
level (Stark & Bloom, 1985). The members of this larger group base their decision to migrate, not
because they want to maximize their expected income, but as a strategy to overcome market
failures, minimise risks, diversify income sources and loosen financial constraints through
remittances (Stark & Bloom, 1985; Stark & Levhari, 1982). Together with other adaptation
strategies, climate migration allows households in developing countries to smooth risk and
diversify their incomes (Lauby & Stark, 1988; McLeman & Smit, 2006). Nevertheless, contrasting
migration patterns have been found given the level of income of households. Indeed, prior
evidence shows that individuals’ socioeconomic status before a climate shock determines their
migration response and ability to do so (Kubik & Maurel, 2016). On the one hand, climate-related
shocks act as push factors of migration for households with sufficient resources to migrate
(Warner & Afifi, 2014). On the other hand, case studies of African countries have shown that
climatic variations may also prevent the most vulnerable households from migrating as they lack
the means to move, thereby falling in a poverty trap (Gray & Mueller, 2012a; Henry, Schoumaker
& Beauchemin, 2004). As such, climate migration is not always under the control of households,
as liquidity constraints can restrict the choice of poor individuals (Black et al., 2011b; Cattaneo &
Peri, 2016).

Next to the economic push and pull factors, the migration networks theory supports the idea that
social capital and cultural dispositions also influence migration (McLeman & Smit, 2006).
Interpersonal connections within families, households, and communities form networks capable of
sharing risks and diminishing the cost of migration (Boyd, 1989). Indeed, migrant networks
increase the likelihood of human mobility by reducing the cost and risks linked to migration, often
referred to as chain migration (Massey et al., 1993). However, studies assessing the impact of
migrant networks on climate migration do not reveal such clear-cut relationship. On the one hand,
some studies have shown that migrant networks are a statistically significant pull factor of climate
migration. For instance, Nawrotzki & DeWaard (2018) found that migrant networks have the
power to overcome climate-related immobility constraints for poor and disadvantaged people in
Zambia. On the other hand, in a previous study on rural Mexico, Nawrotzki et al. (2015) proved
that migrant networks suppressed the effect of climate change on international migration as they
encouraged adaptation at home. Overall, despite this ambiguous impact that could be country-
specific, the influence of social networks on climate-related migration is not consistently taken
into account by scholars, which render their results prone to biases (Hunter et al., 2014).

Collectively, these migration theories reveal that several push and pull factors, ranging from
economic, social and cultural behaviour, play a role in shaping migration behaviour. Nevertheless,
migration theories remain narrow in focus and do not directly deal with the complex linkages of
climate change acting as potential push forces (Black, 2001; Castles, 2002; Warner et al., 2010).
This inconsistency led scholars to develop conceptual models assessing the complex multilevel
linkages between climate change and migration.
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2.2.2 Climate migration models

In the past fifteen years, climate migration models have attempted to assess how climate change
impacts migration, either via new or already-existing push factors. First, conceptual models of
migration have considered climate change as a direct push factor varying given the vulnerability
of individuals. The climate-migration model of McLeman and Smit (2006) suggests that migration
IS a possible adaptive response to climate change. Based on multiple outcomes, this climate
migration model places vulnerability as a function of exposure to a climate-related change and the
adaptive capacity of the household. Different adaptation strategies are determined by the
household’s access to capital endowment and environmental conditions which are dynamically
related to migration. By considering multiple factors leading to migration as an adaptation
strategy, the model takes into account the heterogeneity of migration responses across sub-
groups.” Nevertheless, the climate-migration model of McLeman and Smit (2006) fails to consider
several types of environmental changes which could form different push forces. Renaud et al.
(2011) complement this problem by taking into account a wider range of environmental events,
namely rapid and slow onset hazards and applies a sub-categorisation of environmental migrants.
Applying such dichotomy highlights the diversity of responses possible following different
climate events and allows better identification of those in need of assistance (Renaud et al., 2011).

In contrast to the previous climate-migration models, Black, Kniveton & Schmidt-Verkerk (2013)
do not start with the environment as a potential push factor of migration, but instead, consider
already existing push forces to determine how environmental changes might affect those. Climate
change is therefore comprehended as both a direct influence on migration decision and as an
indirect one as it affects four other push forces of migration (economic, political, social and
demographic). Overall, the wider framework of Black et al. (2013) acknowledges the extensive
range of push factors through which climate change impacts migration.

2.2.3 Implications of the theoretical background

The theoretical evidence presented in this section acknowledges that migration is a
multidimensional process influenced by interrelated push and pull factors (Rigaud et al., 2018;
Warner et al., 2010). Drawing upon the reviewed theories and models, this paper considers climate
variability as an indirect push factor of migration across six Sub-Saharan African countries.
Indeed, climate variability is likely to exacerbate already-existing economic, political and
demographic push factors of migration, by, for instance, affecting employment opportunities in
the place of origin (Black et al., 2011a). Based on the New Economics of Labour Migration, we
assume that while the decision to migrate is taken at the household level, migration is the act of
individual responses to climate change. Furthermore, the evidence of migration as a human capital
investment has been confirmed in the climate-migration literature focusing on African countries
(Shimeles, 2010). Thus the importance of human capital in the decision to migrate is
acknowledged by controlling for the age and the education level (either primary or secondary
education) of the individuals in the sample. Then, given the wide range of climates in the countries
included in our sample, two aspects of climate variability are considered to assess the multi-
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directionality of climate change on the likelihood to migrate (Bischiniotis et al., 2018). At last,
while networks have been found to be a statistically significant pull factor for several African
countries (Shimeles, 2010), we are unable to control for those. Indeed, due to data restrictions, this
paper takes into account the effect of neither remittances nor migrant networks, which could
constitute a bias to our analysis.

2.3 Empirical evidence

While a considerable amount of literature has been published on the climate-migration nexus, the
relationship has recently gained revival in the light of the debate on climate change induced
migration (among others: Baez et al., 2017a, 2017b; Bohra-Mishra, Oppenheimer & Hsiang, 2014;
Gray & Mueller, 2012a, 2012b; Hunter et al., 2014; Mastrorillo et al., 2016; Mueller, Gray &
Kosec, 2014; Nawrotzki et al., 2017; Nawrotzki & DeWaard, 2018; Thiede, Gray & Mueller,
2016). This section attempts to summarise the main findings of the micro-level empirical literature
alongside with its limitations and discusses its implications for this research.

2.3.1 Single-country studies

A first strand of the literature analysed the impact of climate variations as push factors in specific
countries. A great deal of previous micro-level research has focused on countries where rain-fed
agriculture is predominant, thus where climate variations can have substantial impacts, such as
Bangladesh, Burkina Faso, Indonesia, Ethiopia, Kenya, Pakistan, Malawi, and Zambia, to only
name a few.

Historically, studies have tended to focus on the impact of one climate stressor, namely rainfall
variability, as a push factor of migration (Gray & Mueller, 2012a, 2012b; Henry, Schoumaker &
Beauchemin, 2004). Overall, rainfall variability has been found to be significantly related to
internal migration, in statistical terms. For instance, Gray & Mueller (2012a) concluded that
rainfall deficit (i.e., droughts) increased internal migration in Ethiopia. Similarly, Henry,
Schoumaker & Beauchemin (2004) found that droughts increased rural-rural migration in
Botswana. However, these studies failed to take into account other climate stressors, such as
temperature variability, which is interdependent with rainfall, therefore rendering their results
prone to biases (Bohra-Mishra, Oppenheimer & Hsiang, 2014). Attempting to depict a more
accurate picture of complex relationships, recent studies have included temperature and rainfall
anomalies as potential determinants of internal migration. In fact, these studies found that
temperature extremes have a greater effect on migration in comparison to that of precipitations
(Bohra-Mishra, Oppenheimer & Hsiang, 2014; Feng, Oppenheimer & Schlenker, 2012; Thiede,
Gray & Mueller, 2016). However, the study of Mastrorillo et al. (2016) is an exception as the
authors concluded that both positive temperature anomalies and positive as well as negative
precipitation anomalies have an identical impact on internal migration in South Africa. This
discrepancy could be attributed to the construction of their precipitation anomalies variables that
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are computed given averages of rainy-season precipitations, instead of considering yearly averages
as done in most studies. Nevertheless, as most of these studies are country-specific and capture
limited time periods, their results are most likely not applicable to other settings and longer
periods of time (Thiede, Gray & Mueller, 2016).

2.3.2 Cross-country studies

A more recent strand of the literature is now addressing the problem of external validity of prior
studies by introducing cross-country comparisons capturing a wider geographical scope (Baez et
al., 2017b, 2017a; Gray & Wise, 2016; Thiede, Gray & Mueller, 2016). Covering large periods of
time at regional scales, these studies aim at generalising the effect of climate change on internal
migration while taking into account within-country heterogeneity and potential country-specific
effects.

Consistent with single-country studies, cross-country studies found that temperature variability
has a greater impact on internal migration in comparison to rainfall variability, yet most results
also show that the relationship is not “monolithic and unidirectional” (Gray & Wise, 2016, p.556).
So far, cross-country studies linking climate change to migration have focused on countries in
Latin America, the Caribbean and Sub-Saharan Africa (Baez et al., 2017b, 2017a; Cattaneo &
Massetti, 2015; Garcia et al., 2015; Gray & Wise, 2016; Thiede, Gray & Mueller, 2016). Overall,
these studies confirmed the limited impact of precipitation anomalies on migration in comparison
to that of temperature (Gray & Wise, 2016; Thiede, Gray & Mueller, 2016). Nevertheless, this
second strand of the literature also noted important variations across countries contradicting the
argument of a unidirectional impact of climate change. For instance, Gray & Wise (2016) revealed
that the direction of the impact of temperature anomalies on migration varies across the five Sub-
Saharan countries in their sample. Indeed, they found that heat waves decreased the number of
migrants in Kenya and Burkina Faso but have an opposite effect for Uganda, while the effect is
statistically insignificant for Senegal and Nigeria. The evidence of potential bi-directionality of
climate anomalies in neighbouring countries further contradicts sweeping predictions about mass
climate change migration.

Furthermore, most cross-country studies fail to take into account the channels linking climate
change to migration. Agricultural productivity has been identified as one of the potential channels
through which climate change affects migration (Cattaneo & Massetti, 2015; Joarder & Miller,
2013; Mastrorillo et al., 2016). By pooling households from Nigeria and Ghana, Cattaneo &
Massetti (2015) observed that temperature and rainfall anomalies are statistically significant
determinants of migration for farm households, while they remain insignificant for non-farm
households, therefore suggesting that climate change affects migration via agricultural
productivity. Going a step further, in the case of Pakistan, Mueller, Gray & Kosec (2014) found
that heat waves have a negative impact on agricultural income while excessive rainfall is felt as a
positive income shock; which would therefore explain why temperature anomalies have a larger
impact on migration than precipitation extremes.” While the identification of mechanisms
between climate change and migration is possible in single-country studies, data constraints
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prevent most cross-national studies from doing so. In other words a majority of cross-country
studies have, so far, not been able to identify the specific economic, social and political factors
affecting this relationship at a sub-national or national scale.

2.3.3 Heterogeneity

Overall, the climate-migration literature indicates that the association between adverse climatic
events and human displacement is highly heterogeneous. Indeed, single and cross-country studies
prove that the effect of climate change on migration varies across sub-groups, destinations and
types of climate anomalies, suggesting that climate change cannot easily be dissociated from other
determinants of migration. By taking into account individual and household characteristics such
as gender, age, education level, income and wealth, several studies nuanced previously established
results (Gray & Wise, 2016; Henry, Schoumaker & Beauchemin, 2004; Mueller, Gray & Kosec,
2014). As the effect of climate change varies depending on the degree of vulnerability of people,
studies showed that men and those with a higher income are more likely to migrate in comparison
to women and poor individuals (Gray & Mueller, 2012a; Nawrotzki & DeWaard, 2018). For
instance, in a macro-level study of 115 countries, Cattaneo & Peri (2016) revealed that higher
temperatures are likely to trap populations in poor countries, while the relationship is positive and
statistically significant for wealthier countries. By contrast, Thiede et al. (2016) have not found
such clear-cut relationship in their cross-country study of 8 Latin American countries. Then, the
effect of climate change on migration varies depending on the type of destination. For instance,
Mueller, Gray & Kosec (2014) found that men are more likely to migrate over longer distances.
Other studies confirmed the selectivity of migration theory as they revealed that educated
individuals are more likely to migrate towards urban areas (Henry, Schoumaker & Beauchemin,
2004). Lastly, the impact of climate change has been found to vary depending on the degree of
(non)linearity of the climate measures and across sources of climate data (Bohra-Mishra,
Oppenheimer & Hsiang, 2014; Gray & Wise, 2016). In the case of Indonesia, Bohra-Mishra et al.
(2014) found that temperatures below 25 degrees reduced migration, but if temperatures exceeded
25 degrees the opposite effect took place. A similar non-linear effect was found for precipitations,
yet the effect was smaller in magnitude. Besides, by applying the same methodology for two
different climate data sources (CRU and MERRA) Gray & Wise (2016) found that the magnitude
and statistical significance of their results varied across the five countries included in their study.

2.3.4 Implications of the empirical evidence

Against this background, the reviewed evidence on the climate-migration nexus yields a couple of
predictions for the upcoming empirical analysis. In the context of Sub-Saharan Africa, there
remain several aspects of the climate change-migration relationship about which relatively little is
known. Collectively, these studies outline a critical role for temperature anomalies in comparison
to that of precipitation anomalies. We therefore expect temperatures to have a greater impact on
the likelihood to migrate across provinces in comparison to precipitations. As for the individual
characteristics, we expect men and women to be equally affected by climate anomalies and we
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expect individuals with higher human capital to migrate to urban areas. At last, similarly to most
cross-country studies, data constraints prevent us from identifying the exact social, economic or
political mechanisms underlying the migration response to climate change.

2.4 Context of the Sub-Saharan African countries

Focusing on Botswana, Burkina Faso, Kenya, Mozambique, Tanzania and Zambia, three reasons
can be identified to explain why these countries are particularly relevant cases for studying the
climate-migration link. First, as the share of the agricultural sector in each country’s economy is
predominant, agricultural activities remain a large source of livelihood for households, especially
among those living in rural areas (Davis et al., 2007). Second, climate change influences climatic
variations and climate extremes in each country, thereby increasing the severity and frequency of
natural disasters. Third, as people living in rural areas are more prone to climate variability,
climate change is likely to spur population movements towards urban areas.

First, Burkina Faso, Kenya, Mozambique, Tanzania, and Zambia rank amongst the poorest
countries in the world and suffer from low development (Table 1)." In rural areas, households
mostly derive their income from rain-fed agricultural systems (Davis et al., 2007). Indeed, in
countries such as Mozambique, Tanzania, and Zambia more than half of the labour force is
employed by agricultural sector (World Bank, 2016). Their high agricultural dependence renders
households’ livelihood particularly vulnerable to climatic changes, by, for instance, affecting
agricultural productivity (World Bank, 2013).

Table 1: Country rankings

HDI rank (out of 188) GDP per capita rank (out of 175)
Botswana 108 68
Burkina Faso 185 160
Kenya 146 141
Mozambique 181 169
Tanzania 151 145
Zambia 139 131

Sources: HDI: 2016 estimates for 2015 are sourced from UNDP (2016). GDP per capita ranks for 2015 estimates are
retrieved from The World Bank (2016).

Second, despite substantial differences of climates at the regional, national and sub-national level,
all six countries are particularly vulnerable to the widespread impact of climate change. Located in
various regions of Sub-Saharan African, these countries encompass a wide range of climate and
rainfall patterns (Appendix A, Figure 7). Botswana, for instance, has a semi-arid climate with
seasonal precipitations from November to March while countries in the Sahel region like Burkina
Faso receives most of its annual precipitation from June to September. Countries such as Kenya,
Tanzania, and Zambia which are located in Eastern Africa have bimodal rainfall patterns generally
peaking in April and November. Despite such diverse climate backgrounds, all countries face high
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climatic risks due to climate change. Indeed, since the 1960s Sub-Saharan African countries have
experienced an increase in inter-annual climate variability alongside extreme climate events which
increase the risk of natural disasters (van Aalst, 2006; World Bank, 2013). Figure 8 and 9 in
Appendix B depict the average monthly variations experienced by the countries in our sample
from 1961 to 2012. The long-term averages show a significant upward trend in temperatures and a
decreasing rainfall trend. This has been the case of Eastern African countries, notably Kenya and
Tanzania, which suffer from an increasing rainfall deficit, making this region one of the most
vulnerable to droughts in the world (Carrdo, Naumann & Barbosa, 2016). Furthermore, the six
countries included in this analysis are hit by the increasing intensity and frequency of natural
disasters. Figure 1 reveals a steep increase in the number of natural disasters across the six
countries of interest, mainly due to an increasing flood trend (Bischiniotis et al., 2018). In the light
of this evidence, this study investigates the impact of climate variability, as multi-period
deviations from long-term averages, and climate extremes, as the exposure to highly abnormal
climate events, on the decision to migrate across provinces.
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Figure 1: Occurrence of natural disasters across 6 SSA countries, by type, from 1960-2018

Third, as the countries become increasingly more affected by climate change, internal migration is
expected to grow, especially between rural and urban areas (Barrios, Bertinelli & Strobl, 2006).
Climate change can potentially lower agricultural productivity, increase the variability of food-
commodity prices, and ultimately affect economic opportunities of people working in rural areas
that are dependent upon the agricultural sector. Altogether, these impacts might intensify human
mobility patterns and contribute to the increasing urbanisation trend in the region (Maystadt,
Marchiori & Schumacher, 2012; Suckall et al., 2015). In other words, migration to urban areas
would be a response to changes in economic opportunities in the agricultural sector, as that
individuals migrate to improve their personal outcomes, such as their salary and likelihood of
employment (Poelhekke, 2011).
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3 Data

3.1 Individual-level data

3.1.1 Source

Individual-level data is extracted from the Integrated Public Use Microdata Series (IPUMS)
International dataset (Minnesota Population Center, 2015). IPUMS collects and harmonises
nationally-representative censuses conducted by the national statistical agency of each country.
Pooling the different IPUMS samples produces repeated cross-sectional dataset for multiple
countries which facilitates cross-national and cross-temporal research (Sobek, 2016). Due to the
comparability of the individual and household level variables, the IPUMS dataset has been used in
numerous cross-national migration studies (among the most recent ones: Baez et al., 2017a,
2017b; Thiede, Gray & Mueller, 2016).

Focusing on Sub-Saharan Africa, the sample is limited to countries for which detailed migration
information is available. That is, the sample is restricted to countries for which the administrative
unit of origin and destination is known, prior to and following internal migration. Furthermore, to
allow the use of fixed effects, only countries for which two or more censuses had collected
information on the migration status of individuals are selected. After these restrictions, the sample
includes more than 23 million observations from 17 rounds of census microdata from six Sub-
Saharan African countries (Botswana, Burkina Faso, Kenya, Mozambique, Tanzania, and
Zambia). Our multi-country cross-sectional dataset, therefore, allows us to generalise the impact
of climate change on internal migration across a large diversity of national settings, and so over a
period of roughly thirty years (1979-2012).

Figure 2 depicts the location of the selected Sub-Saharan African country alongside with their
associated census years. The spatial resolution of our measure of inter-province migration is
shown for each country. As changes of boundaries would be a serious issue in the analysis of
internal migration, IPUMS International harmonises each administrative boundary to allow
meaningful cross-temporal comparisons. To do so, IPUMS aggregates small administrative units
into larger ones that are consistent over time (Sobek, 2016). Variables capturing the place of
current and previous residence match the temporally-stable boundaries depicted in Figure 2.
Despite the differences in the names of the major administrative units in each country, this
analysis will refer to inter-provincial migration for all countries for ease of understanding.
Provinces are in different sizes and number across regions, for instance, there are 23 provinces in
Tanzania, 21 in Botswana, 13 in Burkina Faso, 11 in Kenya and Mozambique and 8 in Zambia.
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Figure 2: Spatial resolution of internal migration

3.1.2 Inter-provincial migration variable

The main dependent variable of this analysis is captured by a retrospective measure of migration.
Harmonised for all countries in the sample, the outcome variable migrate is equal to 1 if the
individual reported having migrated to another major administrative unit a year before the census
and is equal to O otherwise. While the data does not indicate the exact timing of the move but
captures migration over a one-year window, it contains information on the province of origin and
destination of each individual. Based on this information, two additional outcome variables are
defined: whether the individual migrated to a rural or urban area. The absence of information on
the exact timing of migration prevents us from capturing a more temporally accurate effect of
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climate change on migration. However, we believe that the one-year retrospective migration
variable in our dataset is more precise than most studies using a five-year window (Baez et al.,
2017b, 2017a; Thiede, Gray & Mueller, 2016; White & Lindstrom, 2005).

3.1.3 Control variables

Table 2: Definitions of the control variables and their expected signs

Variables Unit Definition Exp_ected
Sign
Dummy variable equal to 1 if the individual is a male
Male 10 y 9 ! +)O)
otherwise equal to 0
Age Years Age at the time of migration /)
. . A dummy variable equal to 1 if individuals have between
Primary education 110 . . +
y | 1 and 6 years of schooling, otherwise equal to 0 ™)
Secondary 10 A dummy variable equal to 1 if individuals have between )
education 7 and 11 years of schooling, otherwise equal to 0

Proportion of people per household aged less than 15
Dependency ratio % years old and older than 64 years old relative to the total )
household size

Note: As the results in the upcoming empirical analysis will be reported as odds ratios and the signs in this table are to
be understood as follows: an odds ratio below 1 reflects a negative relationship, and an odds ratio above 1 reflects a
positive relationship.

Source: IPUMS International (Minnesota Population Center, 2015).

Gender. The gender of each individual in the sample is captured by the dummy variable Male.

Age. IPUMS International records the age of each individual at the time of the census. Based on
this, we compute the age at the time of migration by subtracting 1 to the age of the census. Since
the decision to migrate is taken by adults and climate change is likely to impact migration through
its effect on labour opportunities, the analysis is restricted to working-age individuals aged
between 15 and 64 years old at the time of migration, as done by Mastrorillo et al. (2016). We,
therefore, expect this group to be the most responsive to climate variability. The selected sample
used in the empirical analysis captures 53.2 percent of observations of our raw sample (i.e.,
12,467,530 observations out of the initial 23,451,268).

Education. Together with Age, Education captures the human capital of each individual. Evidence
shows that individuals with higher levels of education have a higher propensity to migrate (White
& Lindstrom, 2005). Because of large differences in the sample in terms of years of education, the
dummies Primary education and Secondary education are included to indicate whether the
individual has between 1-6 or 7-11 years of schooling, respectively.
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Dependency ratio. The dependency ratio was constructed as the proportion of household members
aged between 0-14 and more than 64 years old, relative to the household size (UNDP, 2012). As
our only household-level control variable, we expect the dependency ratio to capture the impact of
household composition on the decision to migrate. Since a high dependency ratio is likely to be
correlated with lower economic resources, we expect it to lower the propensity to migrate, as
individuals might not be able to afford the cost of moving.™

3.2 Climate data

The climate data used in this analysis is extracted from the Climatic Research Unit’s (CRU) of the
University of East Anglia time series version 3.21 (Harris et al., 2014). The CRU climate data is
chosen for two reasons. First, using location-based information, IPUMS Terra converts the CRU
time series from raster data to micro-data and averages them at the major administrative unit of
each country (Minnesota Population Center, 2016). The use of the CRU time series in a
population-based analysis is therefore facilitated by IPUMS Terra, unlike no other climate data
source (Nawrotzki, Schlak & Kugler, 2016). Second, the CRU climate series has been proven to
depict reliable climate estimates for Africa, despite the lower density of weather stations (Los,
2015; Zhang, Kornich & Holmgren, 2013). Given these two reasons, the CRU dataset has been
popular in the climate-migration literature focusing on African countries (Cattaneo & Massetti,
2015; Garcia et al., 2015; Gray & Wise, 2016; Nawrotzki, Schlak & Kugler, 2016).

Using IPUMS Terra, we extract monthly precipitation and temperature CRU time series averaged
at the province level for each country in the sample from 1961 to 2012. Figure 8 and 9 in
Appendix B depict the long-term trajectory of average precipitation and temperature for each
country together with linear trends. The construction of the climate variables capturing the
intensity of climate variability and the exposure to climate extremes is detailed in Section 4.1.
Individuals in the multi-country repeated cross-sectional data are linked to the climate measures
by census year and province of origin (i.e., the province individuals reported living in a year prior
to the census).

3.3 Limitations of the data

The combined dataset of individual-level data and climate data is prone to several limitations.
First, the general drawback when using census data lies in the absence of information prior to the
census. To avoid the risk of reverse causality, we only include control variables that are fixed prior
to migration, which are therefore not an outcome of migration themselves. Notably, besides
having information on the residence of individuals a year prior to migration, we do not include
measures of individuals’ income, wealth and occupation. Furthermore, as the data does not
indicate whether the previous place of residence is located in a rural or urban area, we are unable
to distinguish rural-urban from urban-urban migration patterns (idem for migration to rural areas).
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Second, our cross-province measure of migration is likely to underestimate the true impact of
climate anomalies as both international and within-provinces migration patterns are excluded from
the analysis (Baez et al., 2017b). While international migration has been shown to be less common
than internal migration, short-distance moves are particularly sensitive to climate shocks (Fussell,
Hunter & Gray, 2014; Priya Deshingkar & Sven Grimm, 2005). Third, the lack of temporal
dimension in the dataset prevents us from differentiating short-term from long-term moves, and
we, therefore, assume that all moves are permanent. At last, the climate data is retrieved at the
provincial level, which therefore omits within-province variations, while often sizeable.
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4 Methodology

4.1 Climate measures

This section details the methodology behind the construction of the climate variables used in the
upcoming empirical analysis. To allow the comparison of our results with a similar cross-national
study using the same data sources for 8 Latin American countries, we follow the methodology
applied by Thiede, Gray & Mueller (2016). That is to say, based on the precipitation and
temperature time series retrieved at the province level, two sets of climate measures are
constructed, which capture either (1) the intensity of climate variations (2) the cumulative
exposure to climate extremes. Those measures of climate variability are constructed in the period
prior to the census (i.e. when the decision to migrate takes place).

4.1.1 Intensity of climate variations

Climate variation intensity measures are computed as the multi-monthly deviations of
precipitation and temperature from a 30-year (1961-1990) long-term climate normal period. These
province-level variables are standardised with z-scores to allow meaningful cross-country
comparisons.

The steps to constructing the climate variability z-scores for each country are as follows. First, the
province-level average of precipitation and temperature over 1961-1990 is computed. We use this
30 year-climate normal period as our benchmark against which climate variability is assessed, as
recommended by the World Meteorological Organization (2007). We retrieve the standard
deviations of the climate normal averages of temperature and precipitation. Then, we compute the
province-level average of temperature and precipitation for the relevant observation windows prior
to the census. We consider two different observation windows: (A) one year (12 months) prior to
the census during which migration took place; (B) three years (36 months) prior to the census to
allow for a potentially lagged migration response, as argued in the literature (among others:
Nawrotzki et al., 2017; Nawrotzki, Schlak & Kugler, 2016; Thiede, Gray & Mueller, 2016).* At
last, for each observation window, the standardised z-score is given by subtracting the province-
level average over the observation window value minus the province-level long-run climate
normal average, divided by the climate normal standard deviation:
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Mean Observation Window; j,, — Mean Climate Normal;,

Z —SCore; il = — -
Lkl Standard Deviation Mean Climate Normal;

Where i stands for either the precipitation or temperature series; j captures the observation period
(A) or (B); k is the census year, and [ is the province. While Thiede, Gray & Mueller (2016) do not
consider the following sub-specifications, we recode the standardised z-scores as done by
Mastrorillo et al. (2016) to capture the unidirectional impact of climate variations on the
likelihood to migrate. In other words, based on these z-scores, a set of four climate intensity
variables are computed: the intensity of negative precipitation anomalies, positive temperature
anomalies and their respective symmetrical effect (Table 3).

Negative precipitation anomalies z-scores capture the magnitude of negative precipitation
variations in the observation window relative to the 30-year (1961-1990) period. Positive
temperature z-scores are replaced with zeros, and absolute values are taken for ease of
interpretation in the upcoming analysis (Baez et al., 2017b; Mastrorillo et al., 2016). Therefore,
the negative precipitation anomalies z-score measures, for each observation window, the number
of standard deviations below the average precipitation of the climate normal period (in absolute
terms). A z-score of 0.5 means that the average precipitation during the observation period was 0.5
standard deviations below the average precipitation in 1961-1990, which indicates a relatively
drier period than usual.

Positive temperature anomalies z-scores capture the magnitude of positive temperature variations
in the observation window relative to the 30-year (1961-1990) period). Subsequently, negative
temperature z-scores are replaced with zeros and only positive values are kept. The positive
temperature anomalies z-score measures the number of standard deviations over the average
temperature during the climate normal period. For instance, a z-score of 1 would indicate that the
temperature during the observation window was one standard deviation above the 30-year climate
normal period in this province, and therefore reflects a warmer period than usual.

The two symmetrical measures are recoded similarly. Negative temperature anomalies z-scores
account for negative temperature variations relative to the 30-year (1961-1990) period. Positive
temperature z-scores are replaced with zeros, and absolute values are taken. Positive temperature
anomalies z-scores capture positive precipitation variations relative to the 30-year (1961-1990)
period. Negative precipitation z-scores are replaced with zeros and only positive values are kept.

To summarise, a set of 8 different climate intensity z-scores are computed. That is to say, z-scores
are computed for four types of climate anomalies that are likely to have an impact of internal
migration, namely negative precipitation anomalies and positive temperature anomalies together
with their symmetric counterparts and for the two observation windows prior to the census, (A) 12
months and (B) 36 months. However, the climate variability z-scores capture climate anomalies
over the observation window and do not necessarily single out climate extremes such as droughts
or heat waves, which we have seen are particularly frequent in the sampled countries (Figure 1).

25



Therefore, we introduce another set of climate measures capturing the cumulative exposure to
climate extremes.

Table 3: Definitions of the climate variables

Variables Unit Definition

Intensity of climate variations
Intensity of negative precipitation anomalies in the

Neg. Precip anomalies z-score Std. dev. observation window, relative to 1961-1990, in absolute
values
. . Intensity of positive precipitation anomalies in the
Pos. Precip anomalies z-score Std. dev. yorp precip

observation window, relative to 1961-1990

Intensity of positive temperature anomalies in the

Pos. Temp. anomalies z-score Std. dev. . . .
P observation window, relative to 1961-1990
Intensity of negative temperature anomalies in the
Neg. Temp. anomalies z-score Std. dev. observation window, relative to 1961-1990, in absolute

values

Exposure to climate extremes

Number of months in the observation window < 2 SD,

Monthly precipitation < (-)2 SD  Count relative to 1961-1990

Number of months in the observation window > 2 SD,

Monthly precipitation > 2 SD Count relative to 1961-1990

Number of months in the observation window > 2 SD,

>
Monthly temperature > 2 SD Count relative to 1961-1990

Number of months in the observation window < 2 SD,
relative to 1961-1990

Source: IPUMS Terra (Minnesota Population Center, 2016).

Monthly temperature < (-)2SD  Count

4.1.2 Cumulative exposure to climate extremes

Following the methodology generally applied in the literature investigating climate shocks, we
compute the cumulative exposure to climate extremes as the number of months exceeding a
certain threshold relative to the climate normal average (1961-1990).

As done by Thiede, Gray & Mueller (2016), we first compute monthly z-scores for each province

as monthly deviations from the 30-year climate normal period, standardised at the province level.
Then, for each observation window, which is 12 or 36 months before the census, we count the
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number of months exceeding two standard deviations above and below the 30-year mean (1961-
1990) (i.e., months for which the z-score is either greater than 2 or lower than -2).

Similarly to the climate intensity measures, our two predictors of interest are Monthly
precipitation < (-)2 SD and Monthly temperature > 2 SD, for which we also consider their
symmetrical manifestation (Table 3). Choosing a threshold of two standard deviations rather than
one standard deviation, as done in most studies (among others: Nawrotzki et al., 2017; Nawrotzki
& DeWaard, 2018), allows us to identify the most extreme climate events, rather than more typical
climate variations (Thiede, Gray & Mueller, 2016). In other words, this second set of climate
variables capture the exposure to four climate extremes: droughts, heat waves together with their
symmetrical counterparts excessive precipitations and cold snaps. If the number of Monthly
precipitation < (-)2 SD is equal to 1, individuals are exposed to a one-time single drought, but a
value greater than 1 would indicate that individuals are either experiencing repeated droughts over
the observation window or that they are exposed to a prolonged multi-months drought.

All climate variables are then merged to the IPUMS micro dataset by year of census and province
of origin of each individual. Overall, these climate variables allow us to determine whether
gradual climate variations or the cumulative exposure to climate extremes increase the likelihood
to migrate across major provinces and if this relationship varies given the type of destination.
Furthermore, as climates measures are computed for two distinct observation windows, we are
able to capture potential lags in the decision to migrate.

4.2 Goal of the analysis

This study exploits exogenous spatiotemporal climate data and the characteristics of individuals
from six Sub-Saharan countries to determine whether climate variability increases the likelihood
to migrate across provinces. The goal of the upcoming empirical analysis is twofold: On the one
hand, the aim is to determine whether climate anomalies and the exposure to climate extremes
weight in the decision to migrate across provinces. On the other hand, this paper seeks to
determine whether climate anomalies and extremes are more likely to trigger migration to urban
areas than to rural ones. Consequently, the hypotheses tested are the following:

(1) Climate variability has a positive impact on the likelihood to migrate across provinces.

(2) Climate variability is more likely to trigger inter-provincial migration to urban areas than
to rural ones.
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4.3 Empirical strategy

The model aims at assessing the role of climate anomalies and the exposure to climate extremes as
push factors of migration, conditional on individual and household-level characteristics. The
likelihood of inter-province migration is determined by a general specification of the multinomial
logit model:

T p,t,
log (—1 — ) = Bo+Bi(Cp0) + Bo(Xi)+ 6 + e +
Tipt

Where m;,, . is the odds of migrating across provinces for individual i from province p in year t
while 1 —m;,, . is the odds of not moving. To test our second hypothesis, we also estimate two
additional outcomes (1) whether the individual migrated to an urban area or did not migrate; (2)
whether the individual migrated to a rural area or did not migrate. Given those sub-specifications,
;¢ Captures the odds of migrating across provinces to either an urban or rural area r for
individual i from province p in year t. 3, is the intercept term, 8; capture the impact of the climate
measures introduced in Section 4.1 on inter-provincial migration. X;,. is a vector of control
variables operating at the individual and household level (sex, age, education, and dependency
ratio) and S, is the vector of parameters of the control variables. As climate measures are not
idiosyncratic but common to all individuals living in the same province of origin, standard errors
&, are clustered at the level of the province of origin to control for spatial autocorrelation across
provinces.

Additionally, we control for any geographical or temporal factor which could influence the
decision to migrate. Therefore we include province of origin §; and census-decade fixed effects
U:. Province of origin fixed effects control for time-invariant factors which could push individuals
to migrate. Besides, the inclusion of province of origin fixed effects lower the risks of having an
omitted variable bias affecting the climate estimates. Furthermore, we follow Thiede et al., (2016)
and include census decade fixed effects rather than year fixed effects as censuses in each country
were not recorded on the same years but each country has observations over two or more decades
(with decades being defined as ten years interval starting from 1979). Therefore, census decade
fixed effects account for any unobservable time-specific shock, such as the El Nifio Southern
Oscillation (ENSO), which is likely to be correlated with the climate measures and the decision to
migrate.

In all regressions, individuals are weighted by the inverse probability of selection. The coefficients
of the multinomial logit are exponentiated to be reported as odds ratios. Odds ratios can be
interpreted as the multiplicative effect of one unit increase in x on the odds of migrating across
provinces in comparison to not migrating.
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5 Empirical Analysis

5.1 Descriptive statistics

5.1.1 Individual-level descriptive statistics

Table 4 presents the descriptive statistics of the individual-level data used in the analysis. Since
adults take the decision to migrate, the statistics are restricted to the individuals aged between 15

and 64 years old at the time of migration, as done by Mastrorillo et al. (2016).

Table 4: Individual-level descriptive statistics for adults aged 15-64

Pooled BW BF KE Mz TZ ZM

Dependent variables

Migrate 0.036 0.192 0.014 0.040 0.015 0.037 0.031
Migrate to an urbanarea  0.020 0.088 0.005 0.024 0.009 0.019 0.016
Migrate to a rural area 0.017 0.104 0.009 0.016 0.006 0.018 0.015
Control variables

Male 0.474 0.469 0.454 0.487 0.458 0.470 0.481
Age (years) 31.000 31.610 31.610 30.570 31.540 31.400 30.180
Age (15-30) 0.571 0.548 0.552 0.589 0.549 0.554 0.597
Age (31-46) 0.269 0.281 0.272 0.258 0.278 0.280 0.260
Age (46-64) 0.160 0.171 0.177 0.153 0.173 0.167 0.143
Dependency ratio 0.340 0.293 0.405 0.299 0.361 0.358 0.371
Primary education 0.484 0.436 0.105 0.485 0.471 0.628 0.423
Secondary education 0.177 0.284 0.068 0.253 0.041 0.127 0.266
Share of the sample 100.0% 2.5% 9.3% 29.5% 13.7% 32.8% 12.1%

Notes: As most of the variables presented in this table are dummies, standard deviations are omitted and only the
means are reported. The table is restricted to adults aged between 15-64 years old. The country codes are as follows:
BW: Botswana; BF: Burkina Faso; KE: Kenya; MZ: Mozambique; TZ: Tanzania; ZM: Zambia. All statistics
presented in this table were reweighted by the inverse probability of selection.

Source: IPUMS International (Minnesota Population Center, 2015).

Across all countries and censuses, the one-year inter-provincial migration rate is 3.6 percent. The
share of individuals migrating in such large sample is consistent with those obtained by prior
cross-country studies encompassing a similar period (Baez et al., 2017a, 2017b; Thiede, Gray &
Mueller, 2016). While all countries have a relatively similar rate of migration, Botswana stands
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out as 19 percent of the individuals reported having migrated across provinces a year prior to the
census. We cannot completely rule out the possibility that these differences are driven by
differences in sizes of provinces. Our analysis also considers whether individuals migrated to a
rural or urban area. Overall, there is a slightly larger share of people migrating to urban areas in
comparison to those migrating to rural areas across the six countries in the sample. However, this
relationship does not hold across all countries, as it is likely to be driven by the context specific to
each country.

Furthermore, on average adults have a slightly lower chance to be a male and are 31 years old at
the time of migration. The dependency ratio ranges from 29 to 40 percent across all countries,
which indicates that a large proportion of household members are dependent on adults and are
therefore likely to weight in the decision to migrate. Moreover, 49 percent of the adults reported
having some primary education and 18 percent reported having some secondary education. At last,
a third of the adults in the sample live in Tanzania, followed by Kenya that represents 29.5 percent
of the total number of adults aged 15-64 in the sample. Adults from Burkina Faso, Mozambique
and Zambia have relatively equal weight. Despite having four census years, only 2 percent of the
individuals in the sample live in Botswana, which is consistent with the fact that Botswana has the
smallest population among the six countries.

Table 5: Balance table between migrants and non-migrants, aged 15-64

Migrants Non-Migrants Mean Difference

Control variables

Male 0.508 0.473 Fkk
Age (years) 27.515 31.120 falalel
Age (15-30) 0.707 0.566 Fkk
Age (31-46) 0.206 0.271 ok
Age (46-64) 0.087 0.163 Fkk
Dependency ratio 0.239 0.344 ikl
Primary education 0.479 0.485 FHx
Secondary education 0.309 0.172 falaie
N 439,609 12,027,921

Notes: A similar analysis for migrants to urban and rural areas yields identical results. All statistics presented in this
table were reweighted with individual weights. *Significant at 10%; ** significant at 5%; *** significant at 1%.
Source: IPUMS International (Minnesota Population Center, 2015).*

To further justify the use of individual and household-level controls in the regression, we compare
the means of characteristics of migrants and non-migrants, for individuals aged between 15-64
years old. Recall that only characteristics that are fixed at the time of migration are included. As
expected, characteristics such as sex, age, level of education and the proportion of dependent
household members differ significantly across migrants and non-migrants. Indeed, adult migrants
are significantly younger and more educated than non-migrants. Migrants also have fewer
household dependent members. Table 5, therefore, provides the first hint that internal migrants are
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selected over their sex, age, education level and the proportion of dependents in the household,
relatively to non-migrants aged between 15-64 years old (White & Lindstrom, 2005).

5.1.2 Climate measures descriptive statistics

Next to the description of the individual-level variables, Table 6 presents the average climate
measures in the sample as well as in each country. First, while we focus on the exposure to climate
anomalies and extremes at the provincial level, an overview of the climatic conditions at the
national level gives us an indication of historical averages against which climate anomalies are
being compared. On average, all countries confounded, the monthly temperature during the
climate normal period 1961-1990 was 23 degrees Celsius, and the monthly precipitation was
around 73mm. Nevertheless, these averages mask large temporal within-country variations. At the
national level only, there are considerable monthly (Figure 7 in Appendix A) and annual
variations (Figure 8 and 9 in Appendix B). The wide-range of climatic conditions across all
countries justifies the inclusion of symmetrical climate measures. Indeed, including the
symmetrical effect of our climate measures of interest allows us to capture the potential bi-
directional impact of climate anomalies and extremes across countries, which has been reported in
previous studies (Mastrorillo et al., 2016; Thiede, Gray & Mueller, 2016).

Overall, the two sets of climate measures capturing the intensity of climate anomalies and
exposure to climate extremes indicate that on average individuals have experienced more periods
of rainfall deficit and positive temperature anomalies than their symmetrical counterparts. This
observation is consistent with the respective upward and downward trends in temperature and
precipitation since 1990 depicted in Figure 8 and 9 in Appendix B.

The climate anomalies z-scores reveal that the effect of the intensity of climate variability on
migration might differ given the observation period preceding the census. Unlike positive
temperature anomalies, negative precipitation anomalies are, on average, more intense during the
12 months preceding the census than during a period of 36 months before the census. Indeed,
during the 12 and 36 months prior to the census, the average precipitation was respectively 0.31
and 0.24 standard deviations below the climate normal period (in absolute values). By contrast,
the average temperature was 0.42 to 0.46 standard deviations above the 30-year climate normal
period during the 12 and 36 months before the census. The differential intensity across
observation periods justifies the need to observe migratory responses with and without a time lag.
Furthermore, it is important to stress that negative temperature anomalies appear to be extremely
unlikely across all six countries. This is consistent with the upward trend in temperatures depicted
in Figure 8 and 9 in Appendix B.

The exposure to climate extremes is measured by the number of months exceeding the threshold
of (-)2 standard deviations above or below the long-term mean of 1961-1990. On average,
individuals in the sample are exposed to 3 months of drought and 1.5 months of extremely warm
temperature during the year preceding the census, relative to the climate normal period.
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Table 6: Descriptive statistics for the climate measures

Pooled BW BF KE MZ TZ ZM

Historical climate averages (1961-1990)

Monthly precipitation in mm 73.3 36.5 66.9 82.3 80.2 90.5 83.0
(19.56)  (6.49) (14.10) (34.37) (17.37) (17.80) (16.57)
Monthly temperature in °C 23.3 21.1 28.1 22.1 23.6 23.3 21.6

(2.55)  (0.94) (0.50) (3.86) (0.69) (2.05) (0.66)

Climate measures, 12 months prior to census (A)

Neg. Precip anomalies z-score 0.307 0.203 0413 0.072 0539 0477 0.459
(0.482) (0.296) (0.785) (0.110) (0.699) (0.475) (0.612)
Pos. Precip anomalies z-score 0.155 0.152 0.825 0.184 0.172 0.069 0.116
(0.274)  (0.228) (0.864) (0.236) (0.228) (0.167) (0.211)
Pos. Temp. anomalies z-score 0.417 1.270 0.604 0.133 0594 0.368 0.607
(0.456) (0.832) (0.431) (0.066) (0.212) (0.125) (0.540)
Neg. Temp. anomalies z-score 0.008 0.004 0.038 0.007 0.000 0.000 0.042
(0.039) (0.030) (0.109) (0.017) - - (0.091)

Count, monthly precipitation < (-)2 SD 3.124 4.14 3.906 1.139 5689 3.769  4.307
(2.048) (1.750) (1.025) (1.119) (1.084) (1.114) (1.575)

Count, monthly precipitation > 2 SD 0.992 2443 1589 0.367 1507 0.494 2556
(1.136) (0.827) (1.122) (0.520) (0.843) (0.762) (1.141)
Count, monthly temperature > 2 SD 1.540 3538 5713 0.000 4.936 0.130 4.073
(2.172)  (0.925) (0.483) - (0.943) (0.336) (1.156)
Count, monthly temperature < (-)2 SD 0.942 2850 3526 0.000 2323 0.000 2.953
(1.382) (0.874) (0.521) - (0.542) - (0.790)

Climate measures, 36 months prior to census (B)

Neg. Precip anomalies z-score 0.242 0.028 0.125 0.025 0.438 0517 0.239
(0.334) (0.071) (0.221) (0.041) (0.318) (0.385) (0.247)
Pos. Precip anomalies z-score 0.066 0.245 0.221 0.077 0.023 0.025 0.015
(0.120) (0.172) (0.296) (0.102) (0.069) (0.055) (0.027)
Pos. Temp. anomalies z-score 0.458 0.996 0.682 0.157 0.767 0.399 0.818
(0.409) (0.661) (0.470) (0.087) (0.342) (0.145) (0.366)
Neg. Temp. anomalies z-score 0.001 0.003 0.043 0.000 0.000 0.000 0.000

(0.017)  (0.023) (0.092) - - - -
Count, monthly precipitation < ()2SD ~ 9.778  11.390 12.470 4.340 16.830 11.630 13.540
(5.339)  (3.611) (3.304) (2.438) (2.663) (2.622) (4.149)

Count, monthly precipitation > 2 SD 3.126 8.136 4.025 1322 3871 1.757 7.841
(2.985) (1.726) (2.075) (1.273) (1.872) (1.699) (1.605)
Count, monthly temperature > 2 SD 4.902 9858 16.310 0.000 15,510 0.725 13.860
(6.680)  (1.370) (1.658) - (2.131) (0.878) (3.796)
Count, monthly temperature < (-)2 SD 2.726 7.884 10.030 0.000 6.986 0.000 8.562
(3.972) (2.642) (1.330) - (1.599) - (1.925)

Notes: Standard errors are reported in parentheses. The table is restricted to adults aged between 15-64 years old. The
country codes are as follows: BW: Botswana; BF: Burkina Faso; KE: Kenya; MZ: Mozambique; TZ: Tanzania; ZM:
Zambia. All statistics presented in this table were reweighted by the inverse probability of selection to make each sample
nationally representative. Source: IPUMS Terra (Minnesota Population Center, 2016).
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The exposure to cold snaps is very low, and sometimes inexistent (i.e., Eastern African countries
such as Kenya or Tanzania generally do not experience such cold episodes). The length of
exposure to climate extremes varies widely across countries, as they all capture context specific
climate trends and do not include the same shocks as the censuses for each country were not
recorded on the same year (Figure 2). Consequently, as a direct country-comparison is misleading,
the upcoming analysis focuses on the pooled sample to capture the average impact of climate
variability on inter-provincial across all countries.

Figure 3 and Figure 4 illustrate the distribution of the two climate anomalies z-scores of interest to
this analysis, namely negative precipitation anomalies and positive precipitation anomalies (The
distribution of these variables for observation B can be found in Figure 10 in Appendix C). About
50 percent of all negative precipitation anomalies z-scores are equal to O, either because the z-
score captured negative values or because no climatic deviation from the long-term mean (1961-
1990) was captured in this period. The different intensity range, captured by the standard
deviations on the x-axis, reveal that the periods of positive temperature anomalies prior to the
census are more severe than those of negative temperature anomalies. Besides, Figure 4 captures
several outliers; those are the 12-months period in which the average temperature was around 2
standard deviations higher than the long-term average (1961-1990), these are likely to reflect
periods of heat waves.

Negative Precipitation Anomalies z-score, in period A, in absolute values
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Source: IPUMS Terra (Minnesota Population Center, 2016).

Figure 3: Distribution of the negative precipitation anomalies z-score
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Positive Temperature Anomalies z-score, in period A
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Source: IPUMS Terra (Minnesota Population Center, 2016).

Figure 4: Distribution of the positive temperature anomalies z-score

Positive Precipitation Anomalies z-score, in period A
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Figure 5: Distribution of the positive precipitation anomalies z-score



Negative Temperature Anomalies z-score, in period A, in absolute values

100
|

80
|

60

Percent

40

20

o T T T T

0 A 2 3 4 5
Standard Deviation

Source: IPUMS Terra (Minnesota Population Center, 2016).

Figure 6: Distribution of the Negative Temperature anomalies z-score

Similarly, Figure 5 and Figure 6 show the distribution of the symmetrical z-scores, which are
positive precipitation anomalies and negative temperature anomalies. Positive precipitation
anomalies are not as intense as its symmetrical counterpart. Nevertheless, several outliers are
recorded at around 2 and 3 standard deviations above the long-term mean. Furthermore, the
distribution of negative temperature anomalies confirms our previous observation that such
anomalies have a very limited occurrence across the six countries in our sample. As negative
temperature anomalies have a very small range and hardly vary over the dataset, we decide to
remove it from the subsequent analysis as it would otherwise inflate the odds ratios and produce
inaccurate estimates.
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5.2 Results

5.2.1 Likelihood to migrate across provinces

As the first step in our analysis, we explore the impact of climate variability on inter-provincial
migration across six countries in Sub-Saharan Africa. Two aspects of climate variability are
considered, namely the intensity of climate anomalies and the exposure to climate extremes.
Climate measures are computed in two distinct observation windows, 12 months (Table 7) and 36
months prior to the census (Table 8) which allows us to explicitly test for a potential lagged
migratory response. For both observation windows, Models A and C capture our baseline
specifications as they include the two climate predictors of interest, while Model B and D include
their symmetrical counterparts. The latter are included separately to avoid the problem of
multicollinearity which could inflate the standard errors and reduce the precision of our estimates.
Recall that negative temperature anomalies are not included due to their extremely low predictive
power. All models are restricted to adults aged between 15 and 64 years old and include province
of origin and census decade fixed effects.

Climate intensity measures

Expressed in z-scores, the climate intensity measures capture climate deviations from the 30-year
long-term average. Overall, we find that our two measures of interest, namely negative
precipitation anomalies and positive temperature anomalies are statistically insignificant, and so
regardless of the observation window. Looking solely at the magnitude of the odds ratios, our
results do not support previous evidence on the stronger effect of temperature with respect to
precipitations (Bohra-Mishra, Oppenheimer & Hsiang, 2014; Thiede, Gray & Mueller, 2016).
Interestingly, the magnitude of the odds ratio of positive temperature anomalies changes over a
one year or 36-months window. This could indicate that if positive temperature anomalies are
experienced over a longer period, they decrease the likelihood to migrate across provinces.
However, these results are to be considered carefully as the coefficients are not significant.
Furthermore, while research has tended to focus on the effect of negative deviations from
precipitation averages, our findings support the case of a potential asymmetric effect of
precipitation anomalies. Indeed, the magnitude of the odds ratios indicates that higher
precipitations than usual increase the likelihood to migrate, while the opposite effect takes place
when precipitations are lower than average (note that the latter has a stronger effect on the odds of
not migrating).

Climate shock exposure

Overall, results from Table 7 and 8 reveal that adults are less likely to migrate when they are
exposed to negative precipitation shocks, which we refer to as droughts. Indeed, Table 7 indicates
that for every additional month exposed to a drought, the odds of inter-province migration
decreased by 8 percent. This finding indicates that droughts have an immobilising power, and so
particularly within a one year window. A possible reading of this result could be that extremely
low precipitations are extremely harmful to agriculture, which could eventually decrease the
income of farm households and prevent them from mobilising resources needed to finance the cost
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of moving (Cattaneo & Massetti, 2015). However, since we are not able to distinguish individuals
based on their occupation before the census, these are only suggested interpretations. Similarly,
we find that the prolonged exposure to extremely cold temperatures, such as cold snaps, decreases
the likelihood to migrate through a lagged effect (Table 8). In summary, these results provide
important insight into the holding power exercised by abnormally low precipitations or
temperatures such as droughts and cold snaps.

Control variables

In both Table 7 and 8, the control variables enter with the expected sign, confirming the selectivity
of migration over younger ages, higher levels of education and fewer household dependent
members. As expected, having some primary or secondary education are positively associated
with a higher propensity to migrate. Considering our baseline specification in Model A, the odds
to migrate of someone having some primary or secondary education are 16 and 70 percent higher
than for those that respectively do not have some primary or secondary education. Besides, gender
enters insignificantly regardless of the specification or observation window, albeit the magnitude
of the odds ratio indicates that men aged 15-64 are slightly more likely to migrate than women of
the same age.

Summary

Taken together, the results in Table 7 and Table 8 provide little support to our first hypothesis
which is whether climate anomalies and extremes increase the likelihood to migrate across
provinces. Next to the absence of statistical significance for most estimates, we find that the
exposure to extremely low temperature or precipitation decreases the likelihood to migrate. Since
the significance level is not consistent with negative temperature and precipitation anomalies, it
indicates that the differential impact of climate variability on migration stems from differences in
the severity of the climate event. In other words, the results suggest that, unlike climate variations,
a longer exposure to droughts and cold snaps discourage migration and are likely to immobilise
individuals. This finding is in accordance with those of Nawrotzki & DeWaard (2018) that use the
same individual level and climate data sources for Zambia. Furthermore, the estimates do not
generally support a potential lagged migratory response to our different climate measures. As
results from Table 7 and Table 8 rather suggest the evidence of a climate inhibitor mechanism
reducing inter-province migration, we reject our first hypothesis.
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Table 7: Likelihood of inter-provincial migration. observation period A

Model A Model B Model C Model D
Climate intensity measures
Neg. Precip anomalies z-score 0.955
(0.052)
Pos. Precip anomalies z-score 1.015
(0.044)
Pos. Temp. anomalies z-score 1.004
(0.11)
Climate shock exposure
Count, monthly rainfall < (-)2 SD 0.921**
(0.032)
Count, monthly rainfall >2 SD 1.045
(0.058)
Count, monthly temperature > 2 SD 1.001
(0.053)
Count, monthly temperature < (-)2 SD 0.867
(0.082)
Control variables
Male 1.012 1.010 1.012 1.011
(0.020) (0.019) (0.020) (0.020)
Age (years) 0.979*** 0.979*** 0.979*** 0.979***
(0.0020) (0.0020) (0.0021) (0.0020)
Dependency ratio 0.209*** 0.204*** 0.208*** 0.209***
(0.055) (0.054) (0.055) (0.056)
Primary education 1.159%** 1.160*** 1.155%** 1.155%**
(0.056) (0.056) (0.057) (0.056)
Secondary education 1.715%** 1.720*** 1.711%** 1.709***
(0.15) (0.15) (0.15) (0.15)
N 12467540 12467540 12467540 12467540

Notes: Odds ratios and their standard errors clustered at the province of origin level are reported in parentheses. The
regressions include census decade and province of origin fixed effects. Observations are weighted by the inverse
probability of selection. The following six countries are included in the regressions: Botswana, Burkina Faso,
Kenya, Mozambique, Tanzania and Zambia. The sample is restricted to adults aged between 15 and 64 years old.
Climate measures are computed over observation A, that is 12 months before the census took place.
***n<0.01,**p<0.05*p<0.1

Source: IPUMS International combined with IPUMS Terra (Minnesota Population Center, 2015; 2016).
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Table 8: Likelihood of inter-provincial migration, observation period B

Model A Model B Model C Model D
Climate intensity measures
Neg. Precip anomalies z-score 0.834
(0.12)
Pos. Precip anomalies z-score 1.010
(0.11)
Pos. Temp. anomalies z-score 0.971
(0.13)
Climate shock exposure
Count, monthly rainfall < (-)2 SD 0.991
(0.014)
Count, monthly rainfall >2 SD 1.022
(0.031)
Count, monthly temperature > 2 SD 0.981
(0.020)
Count, monthly temperature < (-)2 SD 0.931***
(0.028)
Control variables
Male 1.011 1.011 1.011 1.011
(0.020) (0.020) (0.020) (0.020)
Age (years) 0.979*** 0.979*** 0.979*** 0.979***
(0.0020) (0.0020) (0.0020) (0.0021)
Dependency ratio 0.208*** 0.205*** 0.208*** 0.210***
(0.055) (0.056) (0.055) (0.056)
Primary education 1.157*** 1.158*** 1.158*** 1.159***
(0.056) (0.056) (0.056) (0.056)
Secondary education 1.715%** 1.720*** 1.721*** 1.716***
(0.15) (0.15) (0.15) (0.15)
N 12467540 12467540 12467540 12467540

Notes: Odds ratios and their standard errors clustered at the province of origin level are reported in parentheses. The
regressions include census decade and province of origin fixed effects. Observations are weighted by the inverse
probability of selection. The following six countries are included in the regressions: Botswana, Burkina Faso,
Kenya, Mozambique, Tanzania and Zambia. The sample is restricted to adults aged between 15 and 64 years old.
Climate measures are computed over observation A, that is 12 months before the census took place.
***pn<0.01,**p<0.05*p<0.1

Source: IPUMS International combined with IPUMS Terra (Minnesota Population Center, 2015; 2016).
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5.2.2 Likelihood to migrate across provinces, by type of destination

As a second step in our analysis, we determine whether climate change increases migration to
urban areas. Recall that due to data constraints, we are not able to identify the type of origin of
individuals, be it rural or urban, but we only know about the type of destination. As such, we are
not able to deduce potential rural-urban migration patterns. As Table 8 showed no significant
evidence of a lagged migratory response for our predictors of interest, the subsequent analysis
focuses on climate measures computed over a year before the census (Observation period A).
Similarly to the previous analysis, the same Model specifications are compared, for rural (Table 9)
and urban-bound destinations (Table 10).

Climate intensity measures

First, comparing Table 9 and Table 10 reveals that climate anomalies have opposite effects given
the destination and also confirms that gradual climate variations can immobilise individuals. Table
10 shows that one standard deviation increase in positive temperature variations decreases the
odds to migrate to urban areas by 18.6 percent. The opposite effect is found for individuals
migrating to rural areas (Table 9). Indeed, a one standard deviation increase in either positive
precipitation or temperature anomalies increases the odds of inter-province moves to rural
destinations by 11.5 and 34.5 percent respectively. This result is contrary to that of Thiede et al.
(2016) who found that, for eight Latin American countries, positive temperature anomalies
decrease the likelihood to migrate to rural areas and inversely for urban-bound destinations. We
cannot rule out that this effect might be country or region specific. Taken together, the climate
intensity measures, therefore, provide little evidence supporting our second hypothesis.

Climate shock exposure

Then, measures capturing the exposure to extreme climate shocks also highlight that the effect
goes in opposite directions depending on the destination of individuals. For instance, prolonged
exposure to excessive precipitations increases the odds of migrating to rural areas while it
decreases the odds of migrating to an urban-bound destination, albeit this last estimate being
insignificant. This result could potentially stem from an increase in labour opportunities in rural
areas, as excessive precipitations could be beneficial to agricultural production. Table 10 indicates
that extremely colder temperatures than usual have a positive impact on the odds of inter-province
migration to urban areas. An additional month of exposure to cold snaps increases the odds of
inter-province migration to urban areas by 14.1 percent. This effect was also reported by Thiede et
al. (2016) in their cross-country study on Latin America.

Control variables

As for the control variables, Table 9 and Table 10 highlight a clear gender pattern. While men
have higher odds to migrate toward rural areas than women, an opposite effect is revealed for
urban destinations. Furthermore, individuals with a high dependency ratio are much less likely to
migrate to urban than to rural areas. At last, education is a significant push factor for individuals
migrating to urban areas but has an insignificant effect on the odds to migrate to rural areas.
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Summary

Overall, our results provide very little evidence for our second hypothesis, which states that
individuals exposed to climate anomalies or extremes are more likely to migrate across provinces
to urban areas. On the contrary, we identify the exposure to cold snaps as being the only
statistically significant climate-related push factors of urban-bound migration. Interestingly, this
analysis also revealed several asymmetric effects of our climate measures given the type of
destination of individuals.

5.2.3 Robustness check

To assess the robustness and relevance of the results presented in the previous sections, we run a
similar analysis on a smaller subset of the population, for individuals aged between 15 and 30
years old at the time of migration. Indeed, we expect those individuals to be particularly more
responsive to shocks than the individuals aged between 30 and 64 years old. We, therefore, test
the likelihood to migrate across provinces for individuals aged between 15-30 years old (Table 11,
Appendix D) and we assess whether this alters our previous findings on urban-bound migration
(Table 12, Appendix D).

Results shown in Table 11 are almost identical to those in Table 7. The statistical significance of
our climate measures is unaffected. Indeed, similarly, we find that the exposure to droughts
inhibits inter-province migration, which is statistically significant at the 5 percent level. Only the
odds ratio of the control variables change as we find that younger women aged 15-30 are less
likely to migrate, and age no longer enters significantly.

As for the impact of our climate measures on the likelihood to migrate to urban areas, the results
are mostly unchanged in comparison to Table 8. The only significant difference stems from the
exposure to abnormally low precipitation which decreases the odds of inter-province migration to
urban areas at a 10 percent significance level. Taken together, this robustness check shows that our
findings are robust regardless of the adult population considered, which thus reinforces further our
conclusions.
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Table 9: Likelihood of inter-provincial migration to rural areas

Model A Model B Model C Model D
Climate shock intensity
Neg. Precip anomalies z-score 0.871*
(0.069)
Pos. Precip anomalies z-score 1.115*
(0.069)
Pos. Temp. anomalies z-score 1.345*
(0.22)
Climate shock exposure
Count, monthly rainfall < (-)2 SD 0.873**
(0.048)
Count, monthly rainfall >2 SD 1.125*
(0.068)
Count, monthly temperature > 2 SD 1.094
(0.092)
Count, monthly temperature < (-)2 SD 0.623***
(0.086)
Control variables
Male 1.172%** 1.173*** 1.173*** 1.172%**
(0.027) (0.027) (0.027) (0.027)
Age (years) 0.986*** 0.986*** 0.986*** 0.986***
(0.0014) (0.0014) (0.0014) (0.0014)
Dependency ratio 0.604** 0.607* 0.597** 0.616*
(0.15) (0.16) (0.15) (0.16)
Primary education 1.085 1.086 1.082 1.087
(0.071) (0.073) (0.070) (0.071)
Secondary education 1.126 1.128 1.126 1.128
(0.10) (0.10) (0.10) (0.10)
N 12467540 12467540 12467540 12467540

Notes: Odds ratios and their standard errors clustered at the province of origin level are reported in parentheses. The
regressions include census decade and province of origin fixed effects. Observations are weighted by the inverse
probability of selection. The following six countries are included in the regressions: Botswana, Burkina Faso,
Kenya, Mozambique, Tanzania and Zambia. The sample is restricted to adults aged between 15 and 64 years old.
Climate measures are computed over observation A, that is 12 months before the census took place.
***p<0.01,**p<0.05 *p<0.1

Source: IPUMS International combined with IPUMS Terra (Minnesota Population Center, 2015; 2016).

42



Table 10: Likelihood of inter-provincial migration to urban areas

Model A Model B Model C Model D
Climate shock intensity
Neg. Precip anomalies z-score 1.005
(0.049)
Pos. Precip anomalies z-score 0.972
(0.051)
Pos. Temp. anomalies z-score 0.814**
(0.078)
Climate shock exposure
Count, monthly rainfall < (-)2 SD 0.958
(0.026)
Count, monthly rainfall >2 SD 0.980
(0.049)
Count, monthly temperature > 2 SD 0.942
(0.044)
Count, monthly temperature < (-)2 SD 1.141*
(0.079)
Control variables
Male 0.894%*** 0.892%** 0.893*** 0.894***
(0.026) (0.025) (0.026) (0.026)
Age (years) 0.974*** 0.974*** 0.974*** 0.974***
(0.0024) (0.0024) (0.0024) (0.0024)
Dependency ratio 0.089*** 0.087*** 0.089*** 0.089***
(0.020) (0.020) (0.020) (0.020)
Primary education 1.251%** 1.252%** 1.247%** 1.250***
(0.093) (0.094) (0.094) (0.093)
Secondary education 2.295%** 2.300*** 2.285*** 2.293***
(0.24) (0.24) (0.24) (0.24)
N 12467540 12467540 12467540 12467540

Notes: Odds ratios and their standard errors clustered at the province of origin level are reported in parentheses. The
regressions include census decade and province of origin fixed effects. Observations are weighted by the inverse
probability of selection. The following six countries are included in the regressions: Botswana, Burkina Faso,
Kenya, Mozambique, Tanzania and Zambia. The sample is restricted to adults aged between 15 and 64 years old.

Climate measures are computed over observation A, that is 12 months before the census took place.

***p<0.01,**p<0.05*p<01

Source: IPUMS International combined with IPUMS Terra (Minnesota Population Center, 2015; 2016).
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5.3 Discussion

This study constitutes the first empirical research linking climate variability to internal migration
across six Sub-Saharan African countries over a period of 30 years. Overall, we find no significant
climate effect on inter-province migration across the six countries in our sample but rather the
evidence that climate change can exert immobilising forces on individuals. As the six Sub-Saharan
countries in our sample depict high poverty rates together with a large rural population, we assume
that their livelihood is primarily based on agricultural production, and thus particularly sensitive to
climate events (World Bank, 2013). Therefore, our results suggest the evidence of an “agricultural
pathway” through which climate variability impacts internal migration via changes in agricultural
productivity (Nawrotzki & Bakhtsiyarava, 2017, p.1). Indeed, climate variations and extremes
pose a threat to the financial resources needed to finance the cost of moving by affecting
agricultural income. Ultimately, it is not unlikely that climate events can trap individuals that are
the most vulnerable to climate change, further increasing socio-economic inequalities in Sub-
Saharan countries (Gray & Mueller, 2012b; Nawrotzki & DeWaard, 2018). Nevertheless, we
cannot rule out the possibility that individuals are likely to be able to find local ways to adapt to
these climate events, by, for instance, sharing risk within their network (Adger, 2007). Indeed,
migration tends to be a last resort strategy, and research shows that households are likely to adopt
coping mechanisms or adaptation strategies to avoid a move (Warner et al., 2010).

Furthermore, the relationship between climate change and migration to urban areas is of particular
relevance given the fact that Africa is the least urbanised continent, yet has the highest rate of
urbanisation in the world (UN-Habitat & UNECA, 2015). Previous micro-level evidence on 29
countries in Sub-Saharan Africa had shown that agro-climatic conditions such as a decrease in
moisture increase rural-urban migration, with an effect confined to industrialised districts (which
is about 25 percent of their total sample) (Henderson, Storeygard & Deichmann, 2017). Our
results nuance the climate change-urbanisation relationship as we find very little evidence that
climate change contributes to migration to urban areas. While our results reveal that beneficial
climate conditions encourage geographic adaptation by migrating to rural areas, climate change
has an inhibitory effect for people wanting to migrate to urban areas. Nevertheless, our findings
must be interpreted carefully as we are not able to identify rural-urban from urban-urban moves.

This research provides interesting insights on some of the most pressing issues experienced by
Sub Saharan countries, such as a rising population putting pressure on natural resources, the rapid
urbanisation of cities and the overarching issue of climate change, to only name a few. While the
latest UN estimates predict more than 86 million internal climate migrants by 2050 in Sub-
Saharan Africa, one must not overlook climate inhibitor effects affecting the most vulnerable
individuals of the society (Rigaud et al., 2018). Furthermore, while this study did not aim to
identify the exact mechanism driving the impact of climate change on internal migration,
comprehending the set of challenges and opportunities linking climate change and urbanisation is
necessary to build climate resilient cities and decrease the vulnerability of people living in rural
areas.
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6 Conclusion

6.1 Research Aims

This study exploits exogenous spatiotemporal climate data and the characteristics of individuals
from six Sub-Saharan countries to determine whether climate variability increases the likelihood
to migrate across provinces. Two complementary hypotheses were tested:

(1) Climate variability has a positive impact on the likelihood to migrate across provinces.
(2) Climate variability is more likely to trigger inter-provincial migration to urban areas than
to rural ones.

Overall, we find little evidence supporting our hypotheses. While previous evidence had shown
that human mobility could serve as an adaptation strategy facing climate change, our results
indicate that the exposure to climate extremes act as a climate inhibitor reducing inter-province
migration. Indeed, we find that prolonged exposure to droughts and cold snaps discourage
migration and immobilise individuals. Furthermore, this study nuances the climate change-
urbanisation relationship as the results do not consistently support climate variability as a driver of
urban-bound migration. Indeed, while our results suggest that beneficial climate conditions
encourage geographic adaptation by migrating to rural areas, most climate measures have an
inhibitory effect of inter-province migration to urban areas. Indeed, we identify the exposure to
cold snaps as being the only significant climate-related push factor to urban-bound migration.
Notwithstanding the limitations of this study, this research provides the first evidence of the
climate inhibitor mechanism of internal migration across a large geographical area of relatively
poor Sub-Saharan countries.

6.2 Practical Implications

These findings suggest several courses of action for climate-related migration. First, rather than
attempting to define and quantify climate migrants, greater efforts should be made at identifying
the most affected by climate change, that are likely to be trapped due to a lack of resources. By
identifying those in need of assistance, policymakers can implement social protection programs
alleviating some of the barriers to migration. Targeting could be done empirically by interacting
diverse measures of climate change with individual characteristics or spatially with the use of
geographical hotspots. Altogether, such targeted programs should aim to facilitate migration and
reduce climate vulnerability. Second, resilience to climate events can be enhanced by better
dissemination of climate information. Building upon the widespread use of mobile phones in the
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region, forecast information on climate shocks could help prevent adverse consequences on
individuals’ livelihood. Third, a key policy priority should be to improve current urban planning
policies to build climate resilient and migrant-friendly cities.

6.3 Future Research

Although we cannot completely rule out that the results of this study might be driven by the nature
of the data and the construction of the migratory and climate variables, further research could
build on our findings in several ways.

First, several questions remain regarding the heterogeneous impact of climate change. A greater
focus on the impact of climate change per individual characteristic would provide evidence on the
potential socio-economic divide in terms between the people affected and those able to migrate
(McLeman et al., 2016). Besides, this study could be repeated to assess whether the overall effect
mask country-specific heterogeneities, as found in the literature.

Second, our findings could be cross-checked by taking into account the seasonal patterns of
precipitation and temperature when constructing the climate measures for each country. Besides,
another climate data source such as MERRA could be used to assess the robustness of the results.
Similarly, other measures such as moisture index could be considered to capture other potential
migratory responses.

Third, while the need for large-scale micro-level evidence has generally been acknowledged in the
literature, this strand of the research should not replace country-specific national studies which can
evaluate the channels linking climate change and migration. That is to say, future research should
attempt to detail the agricultural pathway through which climate variation impact internal
migration, by, for instance, taking into account the wealth and occupation of individuals before
migration.

46



References

Adger, W. N. (2007). Social Capital, Collective Action, and Adaptation to Climate Change,
Economic Geography, vol. 4, no. 79.

Baez, J., Caruso, G., Mueller, V. & Niu, C. (2017a). Heat Exposure and Youth Migration in
Central America and the Caribbean, American Economic Review, vol. 107, no. 5, pp.446—
450.

Baez, J., Caruso, G., Mueller, V. & Niu, C. (2017b). Droughts Augment Youth Migration in
Northern Latin America and the Caribbean, Climatic Change, [e-journal] vol. 140, no. 34,
pp.423-435, Available Online: http://dx.doi.org/10.1007/s10584-016-1863-2.

Barrios, S., Bertinelli, L. & Strobl, E. (2006). Climatic Change and Rural-urban Migration: The
Case of Sub-Saharan Africa, Journal of Urban Economics, [e-journal] vol. 60, no. 3, pp.357—
371, Available Online: http://linkinghub.elsevier.com/retrieve/pii/S0094119006000398.

Bates, D. C. (2002). Environmental Refugees? Classifying Human Migrations Caused by
Environmental Change, Population and Environment, [e-journal] vol. 23, no. 5, pp.465-477,
Available Online: http://www.jstor.org/stable/27503806.

Bischiniotis, K., Van Den Hurk, B., Jongman, B., Coughlan De Perez, E., Veldkamp, T., De Moel,
H. & Aerts, J. (2018). The Influence of Antecedent Conditions on Flood Risk in Sub-Saharan
Africa, Natural Hazards and Earth System Sciences, vol. 18, no. 1, pp.271-285.

Black, R. (2001). Environmental Refugees: Myth or Reality?, 34, Available Online:
http://www.unhcr.org/3ae6a0d00.html.

Black, R., Adger, W. N., Arnell, N. W., Dercon, S., Geddes, A. & Thomas, D. (2011a). The Effect
of Environmental Change on Human Migration, Global Environmental Change, [e-journal]
vol. 21, no. SUPPL. 1, pp.S3-S11, Available Online:
http://dx.doi.org/10.1016/j.gloenvcha.2011.10.001.

Black, R., Kniveton, D. & Schmidt-Verkerk, K. (2013). Migration and Climate Change: Toward
an Integrated Assessment of Sensitivity, Disentangling Migration and Climate Change:
Methodologies, Political Discourses and Human Rights, vol. 9789400762, no. 1, pp.29-53.

Black, R., Stephen, R., Bennett, G., Thomas, S. M. & Beddington, J. R. (2011b). Climate Change:
Migration as Adaptation., Nature, vol. 478, no. 20, pp.447-449.

Bohra-Mishra, P., Oppenheimer, M. & Hsiang, S. M. (2014). Nonlinear Permanent Migration
Response to Climatic Variations but Minimal Response to Disasters, Proceedings of the
National Academy of Sciences, [e-journal] vol. 111, no. 27, pp.9780-9785, Available Online:
http://www.pnas.org/lookup/doi/10.1073/pnas.1317166111.

Boyd, M. (1989). Family and Personal Networks in International Migration: Recent Developments
and New Agendas, The International Migration Review, vol. 23, no. 3, pp.638-670.

Carrdo, H., Naumann, G. & Barbosa, P. (2016). Mapping Global Patterns of Drought Risk: An
Empirical Framework Based on Sub-National Estimates of Hazard, Exposure and
Vulnerability, Global Environmental Change, vol. 39, pp.108-124.

Caruso, G. D. (2017). The Legacy of Natural Disasters: The Intergenerational Impacts of 100
Years of Disasters in Latin America, Journal of Development Economics, [e-journal] vol.
127, no. March, pp.209-233, Available Online:
http://dx.doi.org/10.1016/j.jdeveco.2017.03.007.

47



Castles, S. (2002). Environmental Change and Forced Migration : Making Sense of the Debate,
70, Available Online:
http://scholar.google.com/scholar?hl=en&btnG=Search&q=intitle:Environmental+change+an
d+forced+migration+:+making+sense+of+the+debate#0.

Cattaneo, C. & Massetti, E. (2015). Migration and Climate Change in Rural Africa, 5224, CESifo
Working Paper.

Cattaneo, C. & Peri, G. (2016). The Migration Response to Increasing Temperatures, Journal of
Development Economics, [e-journal] vol. 122, pp.127-146, Available Online:
http://dx.doi.org/10.1016/}.jdeveco0.2016.05.004.

Christian Aid. (2007). Human Tide: The Real Migration Crisis, Christian Aid report, no. May,
p.52.

Davis, B., Winters, P., Carletto, G., Covarrubias, K., Quinones, E., Zezza, A., Stamoulis, K.,
Bonomi, G., Digiuseppe, S., Working, E. S. a & No, P. (2007). Rural Income Generating
Activities : A Cross Country Comparison, World Development Report 2008.

El-Hinnawi, E. (1985). Environmental Refugees, UNEP

Feng, S., Oppenheimer, M. & Schlenker, W. (2012). Climate Change, Crop Yields, and Internal
Migration in the United States.

Fussell, E., Hunter, L. M. & Gray, C. L. (2014). Measuring the Environmental Dimensions of
Human Migration: The Demographer’s Toolkit, Global Environmental Change, [e-journal]
vol. 28, no. 1, pp.182-191, Available Online:
http://dx.doi.org/10.1016/j.gloenvcha.2014.07.001.

Garcia, A., Pindolia, D. K., Lopiano, K. K. & Tatem, A. (2015). Modeling Internal Migration
Flows in Sub-Saharan Africa Using Census Microdata, Migration Studies, [e-journal] vol. 3,
no. 1, pp.89-110, Available Online: https://academic.oup.com/migration/article-
lookup/doi/10.1093/migration/mnu036.

Gemenne, F. (2011). Why the Numbers Don’t Add up: A Review of Estimates and Predictions of
People Displaced by Environmental Changes, Global Environmental Change, vol. 21, no.
SUPPL. 1, pp.41-49.

Gray, C. L. & Mueller, V. (2012a). Drought and Population Mobility in Rural Ethiopia, World
Development, [e-journal] vol. 40, no. 1, pp.134-145, Available Online:
http://linkinghub.elsevier.com/retrieve/pii/S0305750X11001537.

Gray, C. L. & Mueller, V. (2012b). Natural Disasters and Population Mobility in Bangladesh,
Proceedings of the National Academy of Sciences, [e-journal] vol. 109, no. 16, pp.6000—
6005, Available Online: http://www.pnas.org/cgi/doi/10.1073/pnas.11159441009.

Gray, C. L. & Wise, E. (2016). Country-Specific Effects of Climate Variability on Human
Migration, Climatic Change, [e-journal] vol. 135, no. 34, pp.555-568, Available Online:
http://link.springer.com/10.1007/s10584-015-1592-y.

Hallegatte, S., Vogt-Schilb, A., Bangalore, M., & Rozenberg, J. (2017). Unbreakable: Building the
Resilience of the Poor in the Face of Natural Disasters, Climate Change and Development
Series, Washington DC, Available Online:
http://re3.feem.it/userfiles/attach/2012522152224NDL.2012-033.pdf.

Harris, 1., Jones, P. D., Osborn, T. J. & Lister, D. H. (2014). Updated High-Resolution Grids of

Monthly Climatic Observations - the CRU TS3.10 Dataset, International Journal of
Climatology, vol. 34, no. 3, pp.623-642.

48



Henderson, J. V., Storeygard, A. & Deichmann, U. (2017). Has Climate Change Driven
Urbanization in Africa?, Journal of Development Economics, [e-journal] vol. 124, no. 6188,
pp.60-82, Available Online: http://linkinghub.elsevier.com/retrieve/pii/S0304387816300670.

Henry, S., Schoumaker, B. & Beauchemin, C. (2004). The Impact of Rainfall on the First Out-
Migration: A Multi-Level Event-History Analysis in Burkina Faso, Population and
Environment, vol. 25, no. 5, pp.423-460.

Hunter, L. M., Nawrotzki, R., Leyk, S., Maclaurin, G. J., Twine, W., Collinson, M. & Erasmus, B.
(2014). Rural Outmigration, Natural Capital, and Livelihoods in South Africa, Population,
Space and Place, [e-journal] vol. 20, no. 5, pp.402-420, Available Online:
http://doi.wiley.com/10.1002/psp.1776.

International Disaster Database (2018). EM-DAT: The OFDA/CRED International Disaster
Database. Université Catholique de Louvain, Brussels, Belgium Available online at:
www.emdat.be.

IOM. (2011). Glossary on Migration, 2nd Edition, International Migration Law, [e-journal] vol.
25, Available Online: https://publications.iom.int/system/files/pdf/iml25_1.pdf.

IPCC. (2014). Annex IlI: Glossary, in R. K. Pachauri, L. A. Meyer, K. J. Mach, S. Planton, & C.
von Stechow (eds), Climate Change 2014: Synthesis Report. Contribution of Working
Groups I, Il and 111 to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change, IPCC, Geneva, Switzerland, pp.117-130.

Joarder, M. A. M. & Miller, P. W. (2013). Factors Affecting Whether Environmental Migration Is
Temporary or Permanent: Evidence from Bangladesh, Global Environmental Change, [e-
journal] vol. 23, no. 6, pp.1511-1524, Available Online:
http://dx.doi.org/10.1016/j.gloenvcha.2013.07.026.

Kubik, Z. & Maurel, M. (2016). Weather Shocks, Agricultural Production and Migration:
Evidence from Tanzania, The Journal of Development Studies, [e-journal] vol. 52, no. 5,
pp.665-680, Available Online: http://dx.doi.org/10.1080/00220388.2015.1107049.

Lauby, J. & Stark, O. (1988). Individual Migration as a Family Strategy: Young Women in the
Philippines, Population Studies, [e-journal] pp.473-486, Available Online:
http://dx.doi.org/10.1080/00220388.2015.1107049.

Lee, E. S. (1966). A Theory of Migration, Demography, vol. 3, no. 1, pp.47-57.

Los, S. O. (2015). Testing Gridded Land Precipitation Data and Precipitation and Runoff
Reanalyses (1982—-2010) between 45° S and 45° N with Normalised Difference Vegetation
Index Data, Hydrology and Earth System Sciences, vol. 19, no. 4, pp.1713-1725.

Lucas, R. E. (2004). Life Earnings and Rural-Urban Migration, Journal of Political Economy, [e-
journal] vol. 112, no. S1, pp.S29-S59, Available Online:
http://www.journals.uchicago.edu/doi/10.1086/379942.

Massey, D. S., Arango, J., Hugo, G., Kouaouci, A., Pellegrino, A. & Taylor, J. E. (1993). Theories
of International Migration : A Review and Appraisal, Population and Development Review,
vol. 19, no. 3, pp.431-466.

Mastrorillo, M., Licker, R., Bohra-Mishra, P., Fagiolo, G., D. Estes, L. & Oppenheimer, M.
(2016). The Influence of Climate Variability on Internal Migration Flows in South Africa,
Global Environmental Change, [e-journal] vol. 39, pp.155-169, Available Online:
http://dx.doi.org/10.1016/j.gloenvcha.2016.04.014.

49



Maystadt, J.-F., Marchiori, L. & Schumacher, I. (2012). The Impact of Weather Anomalies on
Migration in Sub-Saharan Africa, Journal of Environmental Economics and Management,
vol. 3, no. 3.

McAdam, J. (2009). Environmental Migration Governance, 1.

McLeman, R., Schade, J., Faist, T. & (Eds). (2016). Environmental Migration and Social
Inequality, edited by R. McLeman, J. Schade, & T. Faist, Vol. 61, [e-book] Cham: Springer
International Publishing, Available Online: http://link.springer.com/10.1007/978-3-319-
25796-9_8.

McLeman, R. & Smit, B. (2006). Migration as an Adaptation to Climate Change, Climatic
Change, vol. 76, no. 1-2, pp.31-53.

Minnesota Population Center (2015). Integrated Public Use Microdata Series, International:
Version 6.4 [dataset]. Minneapolis, MN: University of Minnesota.
http://doi.org/10.18128/D020.V6.4.

Minnesota Population Center (2016). Terra Populus: Integrated Data on Population and
Environment: Version 1 [dataset]. Minneapolis, MN: University of Minnesota.
http://doi.org/10.18128/D090.V1.

Missirian, A. & Schlenker, W. (2017). Asylum Applications Respond to Temperature
Fluctuations, Science, vol. 358, no. 6370, pp.1610-1614.

Mueller, V., Gray, C. L. & Kosec, K. (2014). Heat Stress Increases Long-Term Human Migration
in Rural Pakistan, Nature Climate Change, vol. 1, no. 6188, pp.182-185.

Myers, N. (2002). Environmental Refugees: A Growing Phenomenon of the 21st Century,
Philosophical Transactions of the Royal Society B: Biological Sciences, [e-journal] vol. 357,
no. 1420, pp.609-613, Available Online:
http://rstb.royalsocietypublishing.org/cgi/doi/10.1098/rstb.2001.0953.

Nawrotzki, R. & DeWaard, J. (2018). Putting Trapped Populations into Place: Climate Change
and Inter-District Migration Flows in Zambia, Regional Environmental Change, [e-journal]
vol. 18, no. 2, pp.533-546, Available Online: http://link.springer.com/10.1007/s10113-017-
1224-3.

Nawrotzki, R. J. & Bakhtsiyarava, M. (2017). International Climate Migration: Evidence for the
Climate Inhibitor Mechanism and the Agricultural Pathway, Population, Space and Place,
vol. 23, no. 4.

Nawrotzki, R. J., DeWaard, J., Bakhtsiyarava, M. & Ha, J. T. (2017). Climate Shocks and Rural-
Urban Migration in Mexico: Exploring Nonlinearities and Thresholds, Climatic Change, [e-
journal] vol. 140, no. 2, pp.243-258, Available Online: http://dx.doi.org/10.1007/s10584-
016-1849-0.

Nawrotzki, R. J., Schlak, A. M. & Kugler, T. A. (2016). Climate, Migration, and the Local Food
Security Context: Introducing Terra Populus, Population and Environment, vol. 38, no. 2,
pp.164-184.

Nawrotzki, R., Riosmena, F., Hunter, L. M. & Runfola, D. M. (2015). Amplification or
Suppression: Social Networks and the Climate Change-Migration Association in Rural
Mexico, Global Environmental Change, [e-journal] vol. 35, pp.463-474, Available Online:
http://dx.doi.org/10.1016/j.gloenvcha.2015.09.002.

50



Poelhekke, S. (2011). Urban Growth and Uninsured Rural Risk: Booming Towns in Bust Times,
Journal of Development Economics, Vol. 96.

Priya Deshingkar & Sven Grimm. (2005). Internal Migration and Development: A Global
Perspective, Available Online: https://www.odi.org/sites/odi.org.uk/files/odi-
assets/publications-opinion-files/68.pdf.

Ravallion, M. & Chaudhuri, S. (1997). Risk and Insurance in Village India: Comment,
Econometrica, [e-journal] vol. 65, no. 1, pp.171-184, Available Online:
http://www.jstor.org/stable/2951659?origin=crossref.

Renaud, F., Bogardi, J. J., Dun, O. & Warner, K. (2007). Control, Adapt or Flee: How to Face
Environmental Migration?, InterSecTions, [e-journal] no. 5, p.44, Available Online:
http://collections.unu.edu/view/UNU:1859%#viewMetadata.

Renaud, F., Dun, O., Warner, K. & Bogardi, J. (2011). A Decision Framework for
Environmentally Induced Migration, International Migration, vol. 49.

Rigaud, K. K., Sherbinin, A. De, Jones, B., Bergmann, J., Clement, V., Ober, K., Schewe, J.,
Adamo, S., Mccusker, B., Heuser, S. & Midgley, A. (2018). Groundswell - Preparing for
Internal Climate Migration, Washington, DC, Available Online:
https://openknowledge.worldbank.org/bitstream/handle/10986/29461/WBG_ClimateChange
Final.pdf.

Shimeles, A. (2010). Migration Patterns, Trends and Policy Issues in Africa.

Sjaastad, L. A. (1962). The Costs and Returns of Human Migration, Journal of Political Economy,
vol. 70, no. 5, pp.80-93.

Sobek, M. (2016). Data Prospects: IPUMS-International, in M. J. White (ed.), International
Handbook of Migration and Population Distribution, Springer., pp.157-174.

Stark, O. & Bloom, D. E. (1985). The New Economics of Labor Migration, The American
Economic Review, vol. 75, no. 2, pp.173-178.

Stark, O. & Levhari, D. (1982). On Migration and Risk in LDCs, Economic Development and
Cultural Change, vol. 31, no. 1, pp.191-196.

Suckall, N., Fraser, E., Forster, P. & Mkwambisi, D. (2015). Using a Migration Systems Approach
to Understand the Link between Climate Change and Urbanisation in Malawi, Applied
Geography, [e-journal] vol. 63, pp.244-252, Available Online:
http://dx.doi.org/10.1016/j.apgeog.2015.07.004.

The World Bank. (2016). World Development Indicators 2016, Washington DC.

Thiede, B., Gray, C. L. & Mueller, V. (2016). Climate Variability and Inter-Provincial Migration
in South America, 1970 — 2011, Global Environmental Change, [e-journal] vol. 41, pp.228—
240, Available Online: http://dx.doi.org/10.1016/j.gloenvcha.2016.10.005.

Todaro, M. P. (1969). A Model of Labor Migration and Urban Unemplyment in Less Developed
Countries, The American Economic Review.

UN-Habitat & UNECA. (2015). Towards an African Urban Agenda.

UNDP. (2012). Glossary of Demographic Terms, New York, NY, Available Online:
www.prb.org.

UNDP. (2016). Human Development Report 2016, Available Online:

51



http://www.undp.org/content/dam/undp/library/corporate/HDR/HDR2016/UNDP-HDR16-
Report-EN.pdf?view.

UNFCCC. (1992). United Nations Framework Convention on Climate Change.

UNFCCC. (2011). Report of the Conference of the Parties on Its Sixteenth Session, Held in
Cancun from 29 November to 10 December 2010, Decision 1/CP.16, Available Online:
http://unfccc.int/resource/docs/2010/copl16/eng/07a01.pdf.

UNGA. (2009). Climate Change and Its Possible Security Implications: Report of the Secretary-
General, Vol. 50946.

UNGA. (2016). Report of the Open-Ended Intergovernmental Expert Working Group on
Indicators and Terminology Relating to Disaster Risk Reduction.

UNHCR. (1967). Convention and Protocol Relating to the Status of Refugees, International and
Comparative Law Quarterly, Vol. 10.

van Aalst, M. K. (2006). The Impacts of Climate Change on the Risk of Natural Disasters,
Disasters, vol. 30, no. 1, pp.5-18.

Warner, K. & Afifi, T. (2014). Where the Rain Falls: Evidence from 8 Countries on How
Vulnerable Households Use Migration to Manage the Risk of Rainfall Variability and Food
Insecurity, Climate and Development, vol. 6, no. 1, pp.1-17.

Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F. & Julca, A. (2010). Climate Change,
Environmental Degradation and Migration, Natural Hazards, vol. 55, pp.689-715.

White, M. J. & Lindstrom, D. P. (2005). Internal Migration, in D. L. Poston & M. Micklin (eds),
Handbook of Population, [e-book] New York: Kluwer Academic Publishers-Plenum
Publishers, pp.311-346, Available Online: http://link.springer.com/10.1007/0-387-23106-
4 12.

Wineman, A., Mason, N. M., Ochieng, J. & Kirimi, L. (2015). Weather Extremes and Household
Welfare in Rural Kenya, Food Security, [e-journal] no. 17, pp.1-4, Available Online:
http://link.springer.com/10.1007/s12571-016-0645-z.

World Bank. (2013). Turn Down the Heat: Climate Extremes, Regional Impacts and the Case for
Resilience, A Report for the World Bank by the Potsdam Institute for Climate Impact
Research and Climate Analytics, Available Online:
http://www.emeraldinsight.com/doi/10.1108/eb039737.

World Meteorological Organization. (2007). The Role of Climatological Normals in a Changing
Climate, World Climate Data and Monitoring Program.

Zhang, Q., Kdrnich, H. & Holmgren, K. (2013). How Well Do Reanalyses Represent the Southern
African Precipitation?, Climate Dynamics, vol. 40, no. 34, pp.951-962.

52



Appendix A

Burkina Faso

Botswana

Temperature (°C)

Lo o Te] o Te]

[ep] ™ N N —

o Lo o Lo o

o N n M~

[ep] N —

(ww) uonendioaid

Temperature (°C)

o Te) o Ko} o

(g2 [9\] [9\] — —

o Lo o Lo o

o N~ Yol (V]

—

(ww) uonendioaid

Jagwisdag
JagquisnoN
18g0190
Jaquialdas
1snBny
Ane

aunp

AeN

[udy
yoseiN
Areniga4
Aenuer

Jaqwiadag
JagquianoN
1800190
Jaquialdas
1snbBny
Ane

aunr

Aen

[Ldy
yorey
Arenige4
Arenuer

Mozambique

Kenya

Temperature (°C)

o Lo o Lo o
(gp] [V} N - —
T T T T
o o o o o
o Lo o Lo
N - —
(ww) uonendioaid
Temperature (°C)
o Lo o Lo o
(g2 N N — —
o o o o o
o Te] o Lo
N — —

(ww) uonendioaid

JagwiadsaQ
JagquisnoN
1890100
Jaquiaidas
1snBny
Ane

aunp

AeN

[udy
yaoseN
Areniga4
Aenuer

Jagqwiadeg
JagquianoN
1800190
Jaquiaidas
1snbBny
Aine

aunr

Aen

[udy
yorey
Arenige4
Arenuer

Zambia

Tanzania

30

Temperature (°C)

Y] o [Xe]
N N —

10

\

JagwiadaQ
JagquisnoN
1890100

i Jaquialdas

I 1snBny

I AIne

aung

AeN

[udy

yaoseN

AJeniga4

Aenuer

300

30

N —
(ww) uonendioaid

Temperature (°C)

Lo o Lo
N N —

Lo o Lo o
N o M~

o
—

JagqwiadaQ
JagwisnoN
1890100
Jaquiaydas
1snbBny
AIne

aunr

AeiN

[dy
Yyore
Arenige4
Arenuer

200

o o
o Lo
—

(ww) uonendioaid

150 (o=

Source: IPUMS Terra (Minnesota Population Center, 2016).

Figure 7: Average monthly temperature and rainfall, 1961-2012
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Figure 8: Average yearly precipitation
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Figure 9: Average yearly temperatures
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Negative Precipitation Anomalies z-score, in period B, in absolute values

Appendix C

Positive Temperature Anomalies z-score, in period B
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Source: IPUMS Terra (Minnesota Population Center, 2016).

Figure 10: Distribution of climate anomalies z-scores over observation period B




Appendix D

Table 11: Robustness check of the likelihood of inter-province migration

Model A Model B Model C Model D
Climate shock intensity
Neg. Precip anomalies z-score 0.961
(0.054)
Pos. Precip anomalies z-score 1.015
(0.046)
Pos. Temp. anomalies z-score 0.959
(0.097)
Climate shock exposure
Count, monthly rainfall < (-)2 SD 0.920**
(0.032)
Count, monthly rainfall >2 SD 1.039
(0.059)
Count, monthly temperature > 2 SD 0.972
(0.047)
Count, monthly temperature < (-)2 SD 0.909
(0.084)
Control variables
Male 0.937*** 0.935*** 0.936*** 0.936***
(0.022) (0.022) (0.022) (0.022)
Age (years) 0.999 0.999 0.999 0.999
(0.0028) (0.0028) (0.0028) (0.0028)
Dependency ratio 0.183*** 0.179*** 0.183*** 0.184***
(0.053) (0.052) (0.053) (0.054)
Primary education 1.133** 1.135** 1.128** 1.133**
(0.062) (0.062) (0.062) (0.062)
Secondary education 1.685*** 1.691*** 1.677%** 1.683***
(0.14) (0.14) (0.14) (0.14)
N 7,075,381 7,075,381 7,075,381 7,075,381

Notes: Odds ratios and their standard errors clustered at the province of origin level are reported in parentheses. The
regressions include census decade and province of origin fixed effects. Observations are weighted by the inverse
probability of selection. The following six countries are included in the regressions: Botswana, Burkina Faso, Kenya,
Mozambique, Tanzania and Zambia. The sample is restricted to adults aged between 15 and 30 years old. Climate
measures are computed over observation A, that is 12 months before the census took place.
***n<0.01,**p<0.05*p<0.1

Source: IPUMS International combined with IPUMS Terra (Minnesota Population Center, 2015; 2016).
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Table 12: Robustness check of the likelihood of inter-province migration to urban areas

Model A Model B Model C Model D
Climate shock intensity
Neg. Precip anomalies z-score 1.012
(0.053)
Pos. Precip anomalies z-score 0.971
(0.053)
Pos. Temp. anomalies z-score 0.785**
(0.074)
Climate shock exposure
Count, monthly rainfall < (-)2 SD 0.955*
(0.025)
Count, monthly rainfall > 2 SD 0.976
(0.052)
Count, monthly temperature > 2 SD 0.927
(0.046)
Count, monthly temperature < (-)2 SD 1.183**
(0.085)
Control variables
Male 0.840*** 0.838*** 0.839*** 0.840***
(0.028) (0.028) (0.028) (0.028)
Age (years) 0.994** 0.994** 0.994** 0.994**
(0.0028) (0.0028) (0.0028) (0.0028)
Dependency ratio 0.079*** 0.077*** 0.079*** 0.079***
(0.018) (0.018) (0.019) (0.019)
Primary education 1.211** 1.213** 1.204** 1.208**
(0.10) (0.10) (0.10) (0.10)
Secondary education 2.183*** 2.186*** 2.165%** 2.178***
(0.23) (0.23) (0.23) (0.23)
N 7,075,381 7,075,381 7,075,381 7,075,381

Notes: Odds ratios and their standard errors clustered at the province of origin level are reported in parentheses. The
regressions include census decade and province of origin fixed effects. Observations are weighted by the inverse
probability of selection. The following six countries are included in the regressions: Botswana, Burkina Faso, Kenya,
Mozambique, Tanzania and Zambia. The sample is restricted to adults aged between 15 and 30 years old. Climate
measures are computed over observation A, that is 12 months before the census took place.
***p<0.01,**p<0.05*p<0.1

Source: IPUMS International combined with IPUMS Terra (Minnesota Population Center, 2015; 2016).
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" Unlike the Intergovernmental Panel on Climate Change (IPCC), the UNFCCC makes an important distinction
between climate change attributable to human activities and natural causes of climate variability (IPCC, 2014;
UNFCCC, 1992).

" However, the absence of international standing led the authors to modify their definition to ‘‘environmental
emergency migrants’’ a few years later (Renaud et al., 2011).

" Furthermore, the absence of internationally accepted definition contributes to the complexity of the phenomenon
and prevents systemic responses from being implemented (McAdam, 2009). As Warner et al. (2010) point out: “Some
level of conceptual clarity regarding who constitutes an environmentally displaced person/ community is needed.
Numerous definitions exist at various levels of restriction, making arriving at universally applicable standards
difficult, whether desirable or not” (Warner et al., 2010, p.710).

v Future earnings, or expected earnings, are the product of the observed earnings corresponding to their skills and the
probability of employment in the destination area (Massey et al., 1993).

¥ Similarly to McLeman and Smit (2006), yet a step further, Perch-Nielsen et al. (2008) developed two models in
which vulnerability of households is both a function and an outcome of the choice of adaption mechanism. In other
words, the adaptation mechanism chosen by the household will ultimately impact its response and vulnerability to
future environmental stressors.

¥I Assuming that rainfall improves agricultural outcome, young labour force is required which explains why the effect
becomes insignificant as the age increases (Thiede, Gray & Mueller, 2016).

vl Botswana’s economic development stands as an exception due to its distinctive slave and colonial context which led
to the establishment of stable institutions (Acemoglu, Johnson & Robinson, 2001; Nunn, 2008a, 2008b) coupled with
the discovery of diamonds (Beaulier, 2015; Soest, 2009) in the late 1960s that fuelled its economic growth.

Vil Eigure 1 includes the the 6 SSA countries which are included in this study: Botswana, Burkina Faso, Kenya,
Mozambique, Tanzania, and Zambia. The International Disaster Database only includes disasters that satisfy one of
the following conditions: (1) the disaster caused at least 10 deaths; (2) At least 100 people are affected by it; (3) the
country declared a state of emergency and/or required international assistance (Caruso, 2017).

™ However, when comparing Botswana to Senegal, Nawrotzki, Schlak & Kugler (2016) found that the effect of the
dependency ratio on the likelihood to migrate differed between the two countries and is likely to be country-specific.

*In both observation windows the census year is not included.
X Clustering the standard errors at the household level does not change the significance of the results. Yet, the mean

difference between migrant and non-migrants for primary education becomes insignificant if the errors are clustered
by province of origin.
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