
DEPARTMENT OF ECONOMICS 
Uppsala University 
Economics C/Thesis work, 15c 
Author: Wanja Kaufmann 
Supervisor: Niklas Bengtsson 
Fall semester 2018  
 
 
 
 
 
 
 
 
 
 

 
 
 

Vulnerabilities in a Wetter World 
A study on migration as an adaptation strategy to climate change, 

with under-five mortality as an intermediating variable.  
 

 
 
 
 
 
 
 
 
 

 
  

 



Abstract 

This thesis strives to examine firstly if migration is a significant adaptation strategy to the experience 

of abundant precipitation, and secondly whether under-five mortality works attenuating or enhancing 

when being an intermediating factor. With cross-country panel data for precipitation and migration 

percentage for 169 countries over the world for the time period 1950-2005, a fixed effect model has 

been created for both parts of the analysis  — in the first one to estimate the effects of abundant 

precipitation on migration flows, and in the second one to examine if and how the mortality rates of 

children under the age of five works as driver on the effect between abundant precipitation and 

migration. The results illustrated a positive and significant effect of precipitation on migration when 

same-year data was used. For the five-year lag data and the ten-year lag data, the null hypothesis 

which indicates that there is no relationship between the variables could not be rejected, but there 

were still results that indicated that the migration goes up in a five-year perspective and decreases in a 

ten-year perspective. The results from the first part of the analysis do not illustrate enormous effects. 

For the second part of the analysis, results show that the effect of precipitation on under-five mortality 

does, in contrary to the stated hypothesis, implicate an attenuation as opposed to an enhancement of 

the effect of precipitation on migration. Due to low precision and non-significant results, it is not 

possible to determine how exactly the effects are directly affecting each other. This thesis has 

however helped to prove that one can reject that the effects are strongly enhancing each other. 
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1. Introduction 

 

“Nobody can say exactly how many people will be displaced by natural disasters and climate 

change in the decades to come. Current predictions vary enormously: from tens of millions to 

over a billion.” 

 

The quote above comes from an article that António Guterres, at the time United Nations High 

Commissioner for Refugees, published in the New York Times in december 2009 . This was just at 1

the time of the fifteenth session of the Conference of the Parties that took place in Copenhagen. This 

statement from Guterres marked a point of history in the discussion of climate change related to 

migration. What stood out in his statement was not the alleged nexus between climate change and 

migration — migration has always been a way for people to react to climate change. Progressive 

environmental change was a main catalyst for the African exodus (the spread of Homo erectus and 

Homo sapiens out of the African continent about 100’000 years ago), and it has since, throughout 

history and in different ways, brought humans to migrate from their place of residency to new places . 2

What is rather worth noting is the uncertainty and the lack of knowledge on how and to which extent 

climate change will affect us.  

 

The number of people who migrate due to climate change is increasing. According to estimates by 

Norman Myers in 2001, around 50 million people would have been permanently displaced by 

environmental changes alone in 2010 (as a consequence of several examples of environmental 

degradation; e g 180 million people affected by severe desertification and 1 billion people living in 

water-short countries) . According to IOM, these numbers will have increased to over 200 million by 3

the year of 2050 . This does, despite high uncertainty, show us that we will, in some way, face large 4

future challenges. If the IOM estimates are true, a big re-mobilization of never experienced magnitude 

will take place, which will jeopardize many people’s security and call for a renovation of our 

contemporary ways of organizing our societies — an assertion supported by Myers. He does in his 

article state that, all in all, the issue of environmental refugees will most certainly come to rank as one 

of the largest human crises of our time . In 2001 still seen as a mainly peripheral concern, one can see 5

1 Guterres, A. (2009), “Bracing for the Flood”, New York Times 
2 Terminski, B. (2012), Environmentally-Induced Displacement, Theoretical Frameworks and Current 
Challenges 
3 Myers, N. (2001), Environmental Refugees, a growing phenomenon in the 21st century 
4 Laczko, F. & Aghazarm, C. (2009), Migration, Environment and Climate Change: Assessing the Evidence, 
IOM 
5 Myers, N. (2001), Environmental Refugees, a growing phenomenon in the 21st century 
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that the problem already now, 17 years later, is highly present and increasing. Environmental changes 

can be seen as clear drivers of some of our most severe contemporary conflicts (e. g. the conflicts in 

Darfur  and Syria , just to name some), causing people to either migrate or adapt in other ways, most 6 7

often in ways that means some kind of degradation of living standard.  

 

Climate change could, as one can see, be perceived as a large threat to human security. Still, policy 

responses fall short of measuring up to the challenge, and environmental refugees are still to a very 

limited extent recognized as a true and existing problem by policy makers . Though one can see a 8

growingly emerging amount of studies within this field of research, this deficient situation calls for 

even more, varied research.  

 

When studying existing literature on the topic, which has been briefly discussed above, one can see 

that the nexus between climate change and migration is not an uncomplicated issue. Whether people 

choose to move due to climate change (in their case, climate shocks) depends on many factors, e g on 

perceived duration of effects, expectation of future shocks, the nature of said shocks, characteristics of 

the affected population(s), degree of vulnerability of the economic system and alternative adaptation 

possibilities . To get a better understanding of what policy responses are needed in relation to the 9

problem, it is crucial to study which kind of environmental degradation actually drives people to 

choose migration over other adaptation strategies, to better understand how consequences of 

environmental degradation may serve to attenuate or enhance the decision to migrate. 

 

The aim of this study is thus to contribute to existing literature in the field by looking specifically on 

the effect of precipitation on migration flows, observing five year estimates between the years 

1950-2005. As a second step, the linkages of the effect of precipitation on under age five mortality 

and the effect of precipitation on migration will be examined — does the security of your child give 

you reason enough to choose to leave your home over alternative adaptation strategies? — by 

comparing the effect of precipitation on migration with the effect of precipitation on under-five 

mortality in different areas. Altogether, this thesis strives to answer the following questions: 

 

1. Is migration is a significant adaptation strategy to the experience of abundant precipitation? 

2. Does under-five mortality attenuate or enhance migration flows when working as an intermediating 

factor? 

6 Sova, C. (2017), The First Climate Change Conflict, World Food Programme USA 
7 Fischetti, M. (2015), “Climate Change Hastened Syria’s Civil War”, Scientific American 
8 Myers, N. (2001), Environmental Refugees, a growing phenomenon in the 21st century 
9 Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical analysis 
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By compiling a new data set, from migration and under-five mortality data from the World Population 

Prospects  and replication data for precipitation from the study Quantifying the Influence of Climate 10

on Human Conflict that Hsiang, Burke and Miguel , this thesis empirically studies a set of 169 11

countries for the years 1950-2005. Thereby, beyond adding to the existing literature by examining the 

potential driving effect of under-five mortality as an intermediating variable, this thesis does add to 

the existing literature by examining cross-country data for this specific scope of years (seemingly for 

the first time). In line with previous literature, like Coniglio & Pesce  and Warner et al , this thesis 12 13

takes into account the complexity of the nexus between environmental change and migration, which 

reflects in my analysis of under-five mortality as an intermediating variable. The theoretical 

framework the analysis is based on is a model of environmental migration, presented by Fabienne 

Stämpfli  in 2017. The whole model is explained and reconnected to, but the analysis is mainly built 14

on a reduced part of the model that covers the most immediate discussion on how existing 

vulnerabilities affect the effect between abundant precipitation and migration, taking into account the 

precipitating event, the existing facilitators and constraints and the choice whether to migrate or not. 

To perform the empirical study, a year- and country-specific fixed effects model will be used. The 

analysis on under-five mortality as an intermediating factor is done by comparing the effects of 

precipitation on migration respectively under-five mortality, where the countries in the data set are 

divided into countries with high HDI and countries with low HDI. The findings show that there is a 

positive and significant effect of abundant precipitation on net migration when same-year data is used. 

For the five-year lag data and the ten-year lag data, the null hypothesis saying that there is no 

relationship cannot be rejected, but there are still results that indicate that  levels of migration 

increases in a five-year perspective but decreases in a ten-year perspective. None of the results in the 

first part of the analysis show enormous effects. For the second part of the analysis, results show an 

indication, while not significantly assured, that the effect of precipitation on under-five mortality does, 

in contrary to the stated hypothesis, attenuate rather than enhance the effect of precipitation on 

migration. Due to low precision and non-significant results, it is difficult to determine how exactly the 

effects are directly affecting each other. This study does however provide a tool which allows us to 

reject that the effects strongly enhance each other. 

 

10 United Nations Department for Social and Economic Affairs (2017), World Population Prospects: The 2017 
Revision,  
11 Hsiang, S., Burke, M. & Miguel, E. (2013), “Quantifying the Influence of Climate on Human Conflict”, 
Science vol 341 Issue 6151 
12 Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical analysis 
13 Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F., Julca, A. (2009), Climate change, environmental 
degradation and migration 
14 Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 
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The outline of this thesis is as  follows: In section 2, further definitions on environmental displaced 

persons and definitions of the explanatory and intermediating variables will be provided. This section 

will also provide a theoretical framework and an overview of previous literature. In section 3, data for 

the variables used in the study will be described and presented along with descriptive statistics. In 

section 4, the empirical method used in this thesis is presented, along with threats to internal and 

external validity of the estimations. In section 5, results and estimates of the empirical model will be 

presented, and in section 6, I discuss the findings. Finally, in section 7, I provide some concluding 

remarks and recommendations for further research on the topic.  
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2. Background and Theoretical Framework 

This section will provide a base for the understanding of the broader picture and further discussion, by 

presenting some background and theories on environmental refugees. Then, a model for 

environmental migration extracted from a study by Fabienne Stämpfli in 2017  will be presented. In 15

relation to these sub-sections, hypotheses about the first and second part of the research question are 

stated. As a fourth step in this section, previous literature in the field is presented and put in relation to 

the stated predictions, before, as a fifth step, the scope and limitations of this thesis is clarified. 

2.1. Environmental Refugees - Background and Theories 
There is, as of today, no widely and commonly accepted definition of what a climate refugee or an 

environmentally displaced person is. The first attempt to conceptualize the problem of people having 

to move from their residential place to another place due to climatic changes or events, forced or 

voluntarily, who are not being covered by the traditional refugee definition (the refugee definition 

posed in the 1951 Convention relating to the Status of Refugees , does explicitly only cover people 16

who fear for persecution due to race, nationality, religion, membership of a particular social group or 

political opinion, and as one can see therefore not people who have left their home due to 

environmental degradation) was made by the El-Hinnawi UNEP report Environmental Refugees in 

1985 . “Environmental refugees” was here defined as “People who have been forced to leave their 17

traditional habitat, temporarily or permanently, because of a marked environmental disruption (natural 

or triggered by people) that jeopardised their existence and/or seriously affected the quality of their 

life” . Since this first attempt to conceptualize this group of people, many different terms have been 18

elaborated — “Environmental migrants”, “Climate migrants”, “Environmental refugees” and 

“Environmentally displaced persons” just being some of them. Terminski has in his work from 2012  19

compiled an overview of the different conceptualisations (including subcategories corresponding to 

people being displaced due to certain forms of environmental degradation or events) from the 

literature presented in the field, as has come up with two main categories of definition (one main 

category and one sub-category). The first one is Environmental migrants, which covers a more 

general understanding of persons who are making a short-lived, cyclical, or long-term change of 

residence due to specific environmental factors, and who are doing this either voluntarily or forced. 

15 Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 
16 UNHCR (1951), Convention and protocol relating to the status of refugees 
17 El-Hinnawi, E. (1985), Environmental Refugees, UNEP, Nairobi 
18 Ibid. 
19 Terminski, B. (2012), Environmentally-Induced Displacement, Theoretical Frameworks and Current 
Challenges 
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Then there is a sub-category that he calls Environmentally displaced people, which covers persons 

who are forced to spontaneous, cyclical, short-lived or long-term movements due to emerging changes 

(sudden or gradually such) in the environment that is essential to their living conditions. With this 

conceptualisation, Terminski wants to detach a more general category of people who migrate due to 

climatic change or events from people who are compelled to migrate.  

 

By defining “Environmental refugees”, El-Hinnawi did with this definition also establish the nexus 

between climate change and migration as something real, something existing. This establishment 

does, together with countless attempts to define “environmental refugees” after him (e. g. Renaud et al

; Morton, Boncour & Laczko ; Wood ; Dun, Gemenne & Stojanov ; Westing ; Myers ; Suhrke & 20 21 22 23 24 25

Visantin ; Bates ; Woehlcke ; Keane ; Cooper ), imply that it is reasonable to expect a significant 26 27 28 29 30

relationship between precipitation (my climate change proxy) and migration, which comes to work as 

basic hypothesis for the first part of the research question: is migration a significant adaptation 

strategy to the experience of abundant precipitation? This hypothesis is supported by Ravenstein , 31

whose model suggests that push and pull factors together make people migrate — while unfavorable 

conditions, like e. g. desertification leading to lower revenue, “push” people out of one place, 

favorable conditions, like e. g. increased fertility, “pull” them into another place. Borjas  also argues 32

that the neoclassical economic theory can be used here, by applying a rational choice framework to 

migration and suggesting that individuals are trying to maximize their utility (in this case, and mostly, 

income) and move to where they can do that. If climate change leads to lower income due to e. g. 

destruction of crops, migration might due to this neoclassical model be a reasonable result. 

 

20 Renaud, F., et al. (2008), Deciphering the Importance of Environmental Factors in Human Migration. In: 
Environment, Forced Migration and Social Vulnerability Conference, UNU-EHS, Bonn, Germany 
21 Morton, A., Boncour, P., Laczko, F. (2008), “Human security policy challenges”, Forced Migration Review, 
vol. 31 
22 Wood, W. B., “Ecomigration: Linkages Between Environmental Change and Migration”. In: Zolberg, A. R., 
Benda, P. M. (2001), Global Migrants, Global Refugees: Problems and Solutions 
23 Dun, O., Gemenne, F., Stojanov, R. (2007), “Environmentally displaced persons: Working Definitions”, 
EACHFOR project  
24 Westing, A. H. (1992), “Environmental refugees: a growing category of displaced persons” Environmental 
Conservation vol 19 
25 Myers, N. (1993), “Environmental refugees in a globally warmed world” Bioscience no 43 
26 Suhrke, A., Visantin, A. (1991) “The Environmental Refugee: A New Approach” Ecodecision  
27 Bates, D. C. (2002) “Environmental Refugees? Classifying Human Migrations Caused by Environmental 
Change” Population and Environment vol 23 
28 Woehlcke, M. (1992),  “Environmental Refugees” Aussenpolitik vol 43 no 3 
29  Keane, D. (2004), “Environmental Causes and Consequences of Migration: A Search for the Meaning of 
Environmental Refugees” Georgetown International Environmental Law Review 
30 Cooper, J. B. (1998) “Environmental Refugees: Meeting the Requirements of the Refugee Definition” New 
York University Environmental Law Journal vol 6 
31 Ravenstein, E.G. (1885), “The laws of migration” Journal of the Royal Statistical Society 48 
32 Borjas, G. J. (1989), “Economic theory and international migration” The International Migration Review 23 
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According to the report Climate Change and Health by the WHO , variable precipitation will lead to 33

rising sea levels and increasingly extreme weather events (which can destroy homes and other 

essential services and lead to drowning and physical injuries), affect the supply of fresh water (which 

can compromise hygiene, lead to famine and increase the risk of diarrhoea) and according to IPCC  34

lead to an increased and intensed flooding (which can contaminate freshwater supplies, lead to a 

larger risk of water-borne diseases, increase the presence of disease-carrying insects). All these 

consequences of variable precipitation do in a very clear way lead to a decreased standard of living, 

which might very well work as a push factor for migration. In other words, this implies that, as stated 

the hypothesis that there is a significant effect of climate change (precipitation) on migration, there is 

a positive relationship between abundant precipitation and migration — the larger the excesses are, the 

more people will migrate.  

 

To further elaborate the hypothesis that there is a significant relationship between climate change and 

migration, and to be able to state a hypothesis for the second part of this thesis’ research question, 

does under-five mortality attenuate or enhance migration flows when working as an intermediating 

factor?,  Stämpflis model on environmental migration will be analysed in the next section. 

2.2. Model for Environmental Migration 

In her thesis from 2017, Stämpfli constructs a compilation of some explanatory models for 

environmental migration by Richmond , Hugo  and Black et al . In her compiled model (Figure I), 35 36 37

she presents four central elements, out of which this study focuses mainly on two of them in the 

analysis (the second and the third one). The first one is that the model recognizes the complexity of 

causes for migration — rather than one single  driver and expectations that can be applied in all 

contexts, local-specific resilience and adaptation capacities determine the possibilities to adapt, and 

therefore affect the decision to migrate or not. These differences are called predisposing conditions, 

also to be seen as vulnerabilities. Depending on how the local context looks — what vulnerabilities 

there are — individuals’ and households’ respond to the precipitating event, the second element in the 

model, which is the actual climate change event. Depending on existing vulnerabilities, migration will 

or will not be triggered. The third element is facilitators or constraints, which corresponds to 

networks and connections but also to personal and household characteristics (which can be e. g. 

33 WHO (2018), Climate Change and Health 
34 IPCC (2014), Summary for Policymakers. In: Climate Change 2014: Mitigation of Climate Change 
35 Richmond, A. (1994), “Global apartheid: Refugees, racism, and the new world order” Oxford University Press 
36 Hugo, G. (1996), “Environmental concerns and international migration” International Migration Review 30 
37 Black, R., Adger, W. N., Arnell, N. W., Dercon, S., Geddes, A., and Thomas, D. (2011), “The effect of 
environmental change on human migration” Global Environmental Change 21 
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gender, level of education, age, wealth and family status). Depending on which networks and/or 

personal/household prerequisites there are — e. g. how large ones attachment to the home place is or 

what possibilities to migrate a person/household has to migrate (depending on e. g. resources) — it 

will affect the decision to migrate. The last and fourth element in the model is feedback, which can 

occur in both direct and indirect manners, and which has effect on the predisposing conditions. A 

direct form of feedback could be a relieved pressure on natural resources when more people migrate, 

an indirect form could be policy responses to manage the existing vulnerabilities. Both direct and 

indirect feedback does affect migration movements indirectly, as it affects the predisposing 

conditions.  

 

In summary: Migration could be, but is seldom a direct consequence of climatic changes or events. As 

migration is often a costly choice, migration is something that might follow an unsuccessful attempt 

from individuals and households to lower their vulnerabilities in other ways.  

 

Figure I 

Theoretical model of Environmental Migration, compiled by Stämpfli  38

 

The red box covers the reduced model that are primarily relevant to the analysis performed in this thesis. 
 

To discuss the first part hypothesis further, now in relation to the theoretical model of environmental 

migration, one can see that the model further supports the hypothesis that there is a nexus between 

environmental change and migration but also complicates the relationship — environmental change 

might have direct impacts on migration or indirect impacts by influencing other drivers of migration 

(economic, social, political and demographic drivers). To fully know whether the effect of climate 

38 Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 
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change on migration is direct or indirect, one would need to control for intermediating variables 

corresponding to different kinds of vulnerabilities, networks and personal/familiar prerequisites. As 

the research question of this topic though does not aim to examine whether the effect is direct or 

indirect, but only whether migration could  be seen as a significant adaptation strategy to climate 

change or not (whether there is a positive relationship between abundant precipitation and migration), 

the complication of the issue does not affect the hypothesis.  

 

As stated above, migration is often a costly choice, and therefore something that might follow an 

unsuccessful attempt from individuals and households to lower their vulnerabilities in other ways. I 

would argue that under-five mortality is one of the most severe vulnerabilities a society, but maybe 

especially individuals and households, may face. If there is a higher risk of your child dying, the 

probability that you will take any measures, even a costly one such as migration, does most probably 

increase. A high under-five mortality might be seen as a failed attempt to lower vulnerability, and as 

migration is a measure often taken when attempts to lower vulnerabilities in other ways have failed, it 

is therefore reasonable to expect high under-five mortality to be highly correlated with migration. As 

climate change also affects mortality — rising temperatures and variable precipitation will most 

probably decrease the production of staple foods (leading to mal- and undernutrition, something that 

50% of all under-five deaths stem from) , lead to rising sea levels and increasingly extreme weather 39

events (which can destroy homes and other essential services and lead to drowning and physical 

injuries), affect the supply of fresh water (which can compromise hygiene, lead to famine and increase 

the risk of diarrhoea, which in turn leads to over 500’000 under-five deaths every year) and lead to an 

increased and intensed flooding (which can contaminate freshwater supplies, lead to a larger risk of 

water-borne diseases, increase the presence of disease-carrying insects)  — there is also reason to 40

argue that there should be a positive relationship between climate change and under-five mortality.  

 

To summarize and to compile: as one do find arguments for positive relationships between both 

climate change and under-five mortality, and between under-five mortality and migration, it is 

reasonable to argue that the regions with a strong positive relationship between climate change and 

under-five mortality would also face a strong positive relationship between climate change and 

migration, as the under-five mortality would most probably work as a strong driver.  

 

A possible critique against the model for environmental migration that has just been described could 

be that it is not anchored in classic, custom economic theories and methods. A more common way of 

39 WHO (2018), Climate Change and Health (2018) 
40 IPCC (2014), Summary for Policymakers. In: Climate Change 2014: Mitigation of Climate Change 
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addressing research questions like the one presented in this thesis would probably be to use a 

theoretical framework building on theories of income smoothing, and/or set up utility functions for 

individuals/households to show how they would, personally or household-wise, be affected by the 

precipitating event and further make the choice to migrate or not. These custom methods are too 

narrow, non-holistic and thus unable to explain the effect that the precipitating has at a society-level 

since it misses out on the structural effects that both the initial precipitating event and the potential 

migration has on the existence and development of the vulnerabilities on a broader scale. To take into 

account the bigger picture, an active choice to use the broader, more holistic, model by Stämpfli  was 41

made. Rather than just looking at the effect the precipitating events have on individual/household 

income/utility this model takes into account the effect the precipitating events have on the society as a 

whole. 

 

2.3. Hypotheses 

As stated previously, some implications suggest that there is a positive and significant relationship 

between abundant precipitation and migration, and that under-five mortality works as a driver on the 

effect of abundant precipitation on migration. Summarized, the hypotheses that will be tested in this 

thesis are the following: 

 

H1: There is a positive and significant effect of precipitation on migration. 

 

H2: There is a positive relationship between the effect of precipitation on under-five-mortality and the 

effect of precipitation on migration.  

 

How to be able to test the hypothesis: If there is a positive relationship of precipitation on migration 

that is significant, the hypothesis has come true. 

 

How to be able to test the hypothesis: If a positive relationship of precipitation on under-five mortality 

corresponds to a positive relationship of precipitation on migration, under-five mortality can be seen 

as having a driving effect. If a negative relationship of precipitation on under-five mortality 

corresponds to a negative relationship of precipitation on migration, the same conclusion can be made. 

 

41 Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 

13 



2.4. Literature Review 

In preparation of the execution of this thesis, several former empirical studies which  explores the 

relationship between climate change and migration have been reviewed. In this section, the findings 

from two of the more recent of these studies (who have not been touched upon in the background and 

theoretical framework part) — Coniglio & Pesce  and Warner et al  — are presented and discussed. 42 43

It is important to note that many studies have been conducted concerning this topic, but due to limits 

in scope this section only presents a selected number of earlier studies. The studies chosen are similar 

to the nature of this thesis as they use macro-level approaches when looking at the relationship 

between climate change and migration instead of an individual micro-level approach.  

 

To prepare for the comparison between the effect of precipitation on under-five mortality, there are 

also some former empirical studies on the nexus between climate change and child mortality that have 

been reviewed. Two of these — Sheffield & Landrigan  and Han & Foltz  — are presented and 44 45

discussed. Other examples of studies/publications that touch upon the topic are are a report on climate 

change and children’s health by UNICEF  and an article by Andriano . 46 47

 

Coniglio and Pesce  (2014) investigate the direct and indirect role of climatic shocks in developing 48

countries as a determinant of out-migration flows toward rich OECD countries in the period 

1990-2001. They address the complexity of the nexus between climate change and migration by 

highlighting other variables working as drivers or attenuators (which may vary in nature depending on 

the context), and use a macro approach, i. e. an approach where the relationship is measured on an 

aggregated level, rather than on an individual level. It is not controlled for if the people migrating are 

precisely those who have been directly affected by climate shocks, which does, according to the 

authors, allow them to investigate aggregate net effects and look at general equilibrium effects — 

something that they mean micro-level studies often miss out on. Like Stämpfli, Coniglio and Pesce 

see climate shocks as something with both direct and indirect changes on decision-making processes 

behind migration. Their findings also show that climate shocks have heterogeneous effects, which 

42 Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical analysis 
43 Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F., Julca, A. (2009), Climate change, environmental 
degradation and migration 
44 Sheffield, P. E., Landrigan, P. J. (2010), Global Climate Change and Children’s Health: Threats and 
Strategies for Prevention 
45 Han, P., Foltz, J. (2013), The Impacts of Climate Shocks on Child Mortality in Mali 
46 UNICEF (2015), Unless we act now: the impact of climate change on children 
47 Andriano, L. (2017), Climate change and child mortality in sub-Saharan Africa: can maternal education and 
community factors moderate this effect? 
48 Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical analysis 
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depend on both the specific kind of shock but also on co-factors, e. g. the level of importance of 

agriculture within the economy or the level of development. They also find that the direct effect of 

climatic shocks is likely to be related to expectations risen after climatic events that occurred in the 

past and have had certain effects on the standard of living.  

 

When comparing different kinds of climatic events, Coniglio and Pesce find that the effect of floods 

differs from the effect of draught (both of these measured in precipitation) — the effect on migration 

is on average larger for too abundant rainfall than for too little rainfall. When introducing average 

temperature in the analysis, they find that lower temperature has a larger effect on migration in rainy 

seasons than in dry seasons, and when they look at different places of destination, they find that the 

effect of climate shocks is extra strong on migration when the destination is a European country 

(where more porous borders probably work as a pulling factor).  

At last, Coniglio and Pesce state that it is currently impossible to produce reliable predictions on 

future environmental-induced migration flows, as one does not have access to reliable information on 

the exact timing of future climate shocks, the nature of them and which future possible alternative 

adaptation strategies will be adopted.  

 

Warner et al  do in their study from 2009 similarly explore the effects of environmental degradation 49

and climate change on migration. They do this by addressing the complexity between vulnerability 

and migration, and looking at what kind of mechanisms link these two phenomena together. As 

Coniglio and Pesce, Warner et al. are looking at other variables working as drivers or attenuators, but 

they are elaborating the complexity issue by dividing the questions addressing the complexity into 

four categories; typology of environmental stressors (questions about whether the climate change is 

slow, rapid or acute, how severe the event is and what type of event it is), attribution (questions about 

how the voluntarism changes into forced migration if/when the situation becomes more severe and in 

which state of the event or its aftermaths the actual effect on the migration appears), conceptualizing 

environmentally induced migration (whether the effect on displacement is direct or indirect) and 

policy agenda (questions about who has adapted, why and how they have done it, who is displaced 

and why and what role policy instruments, economic structure and social capital plays in the choice of 

using migration as an adaptation strategy). As a deep-dive, beyond looking at environmental 

degradations effect on migration, the study also considers the question of whether migration is a 

process that reduces or increases vulnerability. To answer these questions the authors draw on 

multidisciplinary literature from various fields of research such as sociology of migration, 

49 Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F., Julca, A. (2009), Climate change, environmental 
degradation and migration 
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anthropology of displacement, economics and environment and climate change. Furthermore, they 

conceptualized their arguments by conducting case studies on Egypt, Vietnam and Mozambique. 

 

Warner et al. findings show that migration is influenced by complex interactions of multiple push and 

pull factors, and that environmental degradation currently is a weaker push factor when it comes to 

migration. Nevertheless, they also find that environmental signals were detected in every (studied) 

area that contributed to migration, such as economic and social factors. One example the authors bring 

up is that repeated and catastrophic flooding increased vulnerability as it led to loss of houses, 

belongings, harvest and other means of livelihood. To make this a driver for migration, it would 

however substantially affect standards of living in economic and social terms . This highlights the 

complexity of the issue. When it comes to the second question, Warner et al find that migration may 

represent both an adaptation strategy and a vulnerability-increasing driver. By creating gaps in daily 

family ties and income-earning capacities at home on an individual/familiar level, and by brain 

draining the population on a national level (people with higher education and thus more knowledge on 

how to migrate tend to be overrepresented in migration statistics as they possess both economic and 

social capital to  actually migrate), migration may itself drive the increase of vulnerabilities. This 

could partly be attenuated by remittances sent home to family members, which may build up some 

kind of resilience. 

 

In their study from 2011, Sheffield and Landrigan  examine children’s vulnerability to climate- 50

related environmental hazards, and whether children are disproportionately affected by such. They 

predict that children are more vulnerable to environmental exposure than adults due to some factors : 

Firstly, they have less effective heat adaptation capacity. Secondly, they consume more resources 

(food, water, air) per body weight, and therefore face a greater exposure per body weight than adults 

do. Thirdly, they have a different diet and behaviour — e. g. they spend more time outdoors than 

adults, which increases sensitivity for exposure. Fourthly, they will live longer, which will expose 

them to newly developing or worsening hazards. Lastly, children are dependent on caregivers, which 

makes them more vulnerable than if they would be able to make their own decisions regarding health 

care, diet and so forth. 

 

By reviewing previous research on different kinds of vulnerabilities and hazards, Sheffield and 

Landrigan reach the conclusion that health impacts of climate change are expected to be widespread, 

vary geographically and be influenced by preexisting social and economic disparities. They find that 

50 Sheffield, P. E., Landrigan, P. J. (2010), Global Climate Change and Children’s Health: Threats and 
Strategies for Prevention 
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children and other vulnerable populations will be especially affected. Another finding is that climate 

change is expected to produce wide-scale increases in disease, especially those which are especially 

dangerous for children. Some recommendations they give to policy makers is to acknowledge the 

inherent vulnerabilities of children especially in prevention efforts, to enhance monitoring of current 

children’s environmental health status and incorporate climate change adaptation into existing 

programs to a larger extent.  

 

As Sheffield and Landrigan, Han and Foltz  look at the nexus between climate shocks and child 51

mortality in Sub-saharan Africa, but they are focusing on the city Sikasso in Mali. They use household 

survey panel data between 1994 and 2010 and daily climate measures from National Climate Data 

Center. The study uses two theoretical frameworks — one in which households experience climate 

changes that affect human physiology and health-related decision-making processes, following Becker

 and Burgess et al,  and a collective household consumption allocation model following Browning 52 53

et al . It focuses on the household as the decision-making unit on child health investment rather than 54

individuals (as they assume children between 1-5 to be under strict care of household adults), they 

focus especially on child mortality, and not infant mortality, which has been used a lot in studies 

within this field before (as children between 1-5 do contribute more to the expected utility of the 

household, economic trade-offs become more salient when examining child mortality instead of infant 

mortality). They also look at different kinds of climate shocks, and estimates the impact of said shocks 

on child mortality through survival analysis. 

 

Han and Foltz findings include that the child’s age significantly affects the survival probability — one 

extra year increased  child’s survival time by 44.2% — and gender — a male child had a survival time 

5.3% lower than a female child. Also, the location of the household affected the survival probability 

— locations close to a market, where proper medical assistance was more readily available, decreased 

the risk — and the household’s ability to provide health care, measured as the amount of women in 

the household over 45 and household food security, contributed significantly to the survival 

probability of the child. 

 

As one can see from studying previous literature in the field, there is a consensus among economists 

that there is a significant relationship between climate change and migration. One can also, after 

reviewing this literature, see that it is rarely possible to see climate change as the sole driver for 

51 Han, P., Foltz, J. (2013), The Impacts of Climate Shocks on Child Mortality in Mali 
52 Becker, G. (2007), “Health as human capital: synthesis and extensions”, Oxford Economic Papers 59 
53 Burgess, R., Deschenes, O., Donaldson, D. & Greenstone, M. (2011), Weather and Death in India 
54 Browning, M., Bourguignon, F., Chiappori, P. & Lechene, V. (1994), Income and outcomes: A structural 
model of intrahousehold allocation 

17 



migration — the relationship is complex and there are most often predisposing conditions and 

intermediating factors affecting the relationship. Beyond predisposing conditions and pull and push 

factors in the place of origin, one can furthermore see that conditions in the receiving place can work 

as pull and push factors. From the literature on climate change and child mortality, one can see that 

children are in general more vulnerable to environmental hazards than adults.  

 

2.5. Limitations 

To get a comprehensive result, one would need to control for countless variables that could affect the 

decision to migrate, and one would need to look at different variables for all specific contexts. As this 

thesis uses a macro-approach, this is not possible — some of them could be controlled for, but many 

factors that are specific on an individual level could not. Moreover, the amount of different contexts 

makes it difficult to know which kinds of variables would be reasonable to include in the model, and 

as adding questionable variables can increase the variance of the estimator of the coefficients of 

interest , it could affect the credibility of the thesis. To still address the complexity of the nexus 55

between climate change and migration and to control for indirect effects, this thesis will focus at one 

indirect, intermediating variable in its methodology — under-five mortality (could be seen as a 

vulnerability proxy). By looking at this specific variable’s effect on the nexus, this thesis adds to the 

previous literature, as no previous studies have examined this specific variable’s potential driving 

effect on the relationship between climate change and migration.  

 

Beyond adding to the existing literature by examining under-five mortality as an intermediating 

variable, this thesis also examines cross-country data for this specific scope of years. 

  

55 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson Education, 
Harlow 
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3. Data 

This section provides information about the data sources which have been used in this thesis, as well 

as descriptions of each variable data, which will be presented along with descriptive statistics. For 

each variable, a discussion about background and definition will also be provided, to motivate the 

choice of variables. In the end of this section, information about the merging and processing of the 

data sets is provided.  

 

The empirical analysis performed in this thesis use cross-country data on 169 countries for migration, 

under-five mortality and precipitation for the years 1950-2005 (five year estimates). By using data 

from a period over 50 years, a great number of observations has been obtained. Also, by using data for 

these years, this thesis makes use of a different, larger dataset than previous researchers (E.g. Coniglio 

& Pesce ) which might give more comprehensive results.  56

3.1. Data Sources 

The data used in this thesis comes from two main data sources. The first one is the United Nations 

World Population Prospects: The 2017 Revision . The World Population Prospects (WPP) is a 57

compilation of official United Nations population estimates and projections in areas of which are 

gathered by the Population Division of the Department of Economic and Social Affairs of the United 

Nations Secretariat, and the 2017 Revision is the twenty-fifth version of these prospects since they 

were prepared for the first time in 1951. It aims to both provide a comprehensive review of global 

demographic trends and prospects, and to provide guidance for policy makers in the ambition to 

achieve the Sustainable Development Goals . The dataset is compiled from different surveys and 58

registers performed in the countries included in the dataset , and covers a total of 198 countries and 59

dependencies (there are also observations for 22 regions, 6 continents and 10 development and income 

subdivisions in which the countries and dependencies are grouped). The timespan that the WPP covers 

is 1950-2015 for the observed data, and 2015-2100 for projections. The data is presented in five-year 

56 Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical analysis 
57 United Nations Department for Social and Economic Affairs (2017), World Population Prospects: The 2017 
Revision,  
58 United Nations Department for Social and Economic Affairs (2017), World population projected to reach 9.8 
billion in 2050, and 11.2 billion in 2100 
59 A full overview of all land-specific data sources can be found and/or downloaded from the United Nations’ 
online data bank for World Population Prospects 2017, Retrieved from https://population.un.org/wpp/ on 
2018-11-20 
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estimates (median estimates for periods of five years). From the WPP, panel data on migration and 

under-five mortality has been provided.  

 

The second source that has been used in this thesis is replication data for data on precipitation (m. m.) 

from the study Quantifying the Influence of Climate on Human Conflict that Hsiang, Burke and 

Miguel performed in 2013 . The data in this study has been obtained from 45 different data sets on 60

conflict and climate change, published across 26 different journals by more than 190 researchers from 

all over the world, it covers 179 countries and dependencies from 1950 to 2006 .  61

3.2. International Net Migration Rate  
As the migration variable, data on international net migration rate is used — that is, the average 

annual net number of migrants per 1000 population (the number of immigrants minus the number of 

emigrants over the measured period, divided by person-years lived by the population of the receiving 

country over the measured period). The data is, as mentioned, taken from the World Population 

Prospects 2017 on the United Nations DESA data bank, and consists of five-year estimates (median 

estimates for periods of five years) between 1950 and 2015 from 198 countries (this thesis looks at the 

years 1950-2005, whereas data for the years 2006-2015 is left out). The reason for which 

international net migration rate was chosen and not e.g. refugee rate is because there are, even if 

several studies have been made in the field, as I have found no datasets on refugees that cover people 

who have fled their homes due to climate change. General refugee data covers people that are 

recognized as refugees under the 1951 Convention relating to the Status of Refugees, and the refugee 

definition posed in the convention explicitly covers only people who fear persecution due to race, 

nationality, religion, membership of a particular social group or political opinion (thus not applicable 

for those who have left their home due to environmental/climate degradation). This makes refugee 

data irrelevant to use in this study.  

 

The data received from the WPP on international net migration rate covers a total of 198 countries and 

dependencies, and observations for 22 regions, 6 continents and 10 development and income 

subdivisions in which the countries and dependencies are grouped, over the years 1950-2005. The 

observations for the regions, continents and the development and income subdivisions have not been 

used in this thesis. The data is presented in five-year estimates (median estimates for periods of five 

years). The natural logarithm of precipitation is applied and all numbers used for this variable are 

60 Downloaded from the Harvard Dataverse, 
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/28062 2018-10-28 
61 Hsiang, S., Burke, M. & Miguel, E. (2013), “Quantifying the Influence of Climate on Human Conflict”, 
Science vol 341 Issue 6151 
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representing the net migration rate directly. When summarizing the observations, one can see that the 

total number of observations are 2178. Summary statistics are presented in table I (below).  

 

Table I 

Summary statistics for the natural log of net migration 

Year Observations Mean Standard Error Min Max 

1950-1955 198 4.264201 0.1221845 3.63919 4.91097 

1955-1960 198 4.261383 0.1421157 3.117862 3.117862 

1960-1965 198 4.272737 0.1395473 3.766951 4.979165 

1965-1970 198 4.2671 0.1478441 3.119232 4.84741 

1970-1975 198 4.24834 0.1673663 3.09865 5.32726 

1975-1980 198 4.250934 0.1672578 3.729661 5.189105 

1980-1985 198 4.252385 0.1506136 2.92257 4.943555 

1985-1990 198 4.246147 0.1372018 3.535641 4.673268 

1990-1995 198 4.217105 0.3402901 0.00000214 4.714312 

1995-2000 198 4.253118 0.1234029 3.578032 4.68139 

2000-2005 198 4.271581 0.1198828 3.861866 4.880208 

 

As can be seen in the table above, the number of observed countries is the same for all observed year 

spans, which indicates that the panel is balanced (the variables are observed for each entity and each 

time period).  

3.3. Precipitation 

Climate change is something that is not easily measured, because it does not manifest itself in one sole 

measurable output variable, but rather in many different such. As NASA states, climate change is a 

change in the usual weather found in a place . A change in usual weather could mean a lot of things 62

— it could e. g. be manifested through a change in a place’s usual temperature for a month or a 

season, a change in how much it usually rains in a year in a certain place or a change in the usual 

tropical cyclone activity in an area. To be able to measure climate change in a concrete way, there is a 

need of a proxy variable that reflects the climate change in a compelling manner. A climate change 

proxy that correlates with several other climate change proxies, and therefore could be proxies for 

them as well, is precipitation. E g, when global temperature rises the global water vapour increases 

62 Stillman, D. & Green, J. (2017), What are Climate and Climate Change, NASA 
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(by 7% per degree of global warming), which leads to a more humid air which in turn leads to an 

increase in the total volume of precipitation (by 1-2% per degree of global warming) . The increase in 63

precipitation is expected to primarily hit already wet regions rather than dry regions, where the 

weather is likely to instead get even drier. This shows that precipitation could be seen as proxies for 

both temperature and drought — two of the other most usual proxy variables for climate change. 

Potential impacts that drastic changes (shocks) in precipitation have are crop damage, soil erosion and 

increase in flood risk, which in turn may affect the health state of people’s living (due to impaired 

water quality due to land deposited pollutants are washed into watercourses), injuries and drownings . 64

Drastic changes (shocks) in precipitation might, as stated above, have very severe consequences on 

the situation for people facing the change in precipitation.  

 

Precipitation is defined as any product that occurs from the condensation of atmospheric water vapor 

that falls under gravity . It can be e g rain, snow and hail, and it occurs when a part of the atmosphere 65

gets saturated and condenses . There are different ways of measuring precipitation, one being surface 66

precipitation gauges, another being satellite estimates. Common ways of presenting precipitation data 

is to present it as millimeter per year, millimeter per month or millimeter per year. The data used in 

this thesis is presented as millimeter per year. 

 

The data received from the replication data for data on precipitation from the study Quantifying the 

Influence of Climate on Human Conflict by Hsiang, Burke and Miguel  covers 179 countries and 67

dependencies from 1950 to 2006 (as this thesis look at the years 1950-2005, data for the year 2006 is 

left out, even though said data is accessible).  

 

To adjust the dataset to the other datasets used in the thesis, the five-year median is extracted from 

each five-year period. After having done that, the total number of remaining observations is 1666. The 

natural logarithm of precipitation was used. Summary statistics are presented in table II (below).  

 

 

 

63 Clark, D. & The Met Office (2011), How will climate change affect rainfall, The Guardian 
64 Bell, J.E., S.C. Herring, L. Jantarasami, C. Adrianopoli, K. Benedict, K. Conlon, V. Escobar, J. Hess, J. 
Luvall, C.P. Garcia-Pando, D. Quattrochi, J. Runkle, and C.J. Schreck, III. (2016) Chapter 4: Impacts of 
extreme events on human health. The impacts of climate change on human health in the United States: A 
scientific assessment, U.S. Global Change Research Program.  
65 Seguin, W. et al (2009), Glossary of Meteorology, American Meteorological Society 
66 National Center for Atmospheric Research Staff (Eds) (2014), The Climate Data Guide: Precipitation Data 
Sets: Overview & Comparison table 
67 Downloaded from the Harvard Dataverse, 
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/28062 2018-10-28 
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Table II 

Summary statistics for the natural log of precipitation 

Year Observations Mean Standard Error Min Max 

1950-1955 144 2.264644 0.8570351 -1.372422 3.688121 

1955-1960 144 2.298745 0.7236022 -0.5721603 -3.571842 

1960-1965 145 2.241675 0.8920779 -1.934417 -3.703635 

1965-1970 145 2.286327 0.7886532 -1.190728 3-.661106 

1970-1975 147 2.261369 0.7590528 -0.6819624 3.660505 

1975-1980 147 2.222556 0.7853093 -0.9076392 3.544933 

1980-1985 147 2.21954 0.7439446 -0.7838314 3.67713 

1985-1990 147 2.162146 0.851783 -1.169326 3.772358 

1990-1995 162 2.112808 0.7916024 -0.2525113 3.969031 

1995-2000 169 2.072402 0.7169156 -0.764923 3.527629 

2000-2005 169 2.120361 0.7825124 -0.649983 3.533746 

 

As presented in the table above, the number of observed countries has decreased when the data has 

been cut. This indicates that there might have been countries that only have observed data for the year 

of 2006. It could  also be that the number of observed countries are varying between the observed year 

spans, which indicates that the panel is unbalanced (it has some missing data for at least one time 

period for at least one entity ). When looking at the data set, one can see that the countries with 68

missing values are to a large extent former Soviet or Yugoslav countries (see Table AI in Appendix 

1), and therefore lack own measured data for the years before independence. In addition to countries 

from these two groups, one must also consider Pakistan and Bangladesh as they got recognized as 

independent states in the early 1970s. Eritrea, which got independent in 1991, Myanmar, which got its 

military regime in 1962 after having been ruled by the British for 124 years and being independent in 

12 years with a weak civilian government, and Namibia, which became independent from South 

Africa in 1990. 

 

To be able to measure the effect of precipitation on migration respectively under-five mortality not 

only in the very short, same-year, run, but also in the longer run, two lag variables for precipitation 

have been created — one five-year lag and one ten-year lag. The reason for why lags with five-year 

intervals (and not shorter ones) have been used is because the precipitation data-set used in this thesis 

68 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson Education, 
Harlow 
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does provide the data in five-year estimates. The reason I do include two lags, and not just one, is 

because I find it interesting to view the potential change of effect over time — policy responses and 

other kind of feedback might work differently and have had different impact on the situation in the 

country (which vulnerabilities that are prominent etc) on the five-year respectively ten-year level. 

3.4. Under-five Mortality 
Under-five mortality refers to the amount of children that die before their fifth birthday, presented as 

the probability of dying between birth and 5 years of age, expressed per 1000 live births. In 2017, 5.4 

million children under five died on a global scale . The region with the highest under-five mortality 69

was Sub-Saharan Africa, with an average under-five mortality rate of 76 per 1000 live births . With 70

the new Sustainable Development Goals, the goal is for all countries to reduce under-five mortality to 

at least as low as 25 deaths per 1000 live births. This goal was in 2018 met by 118 UN member states

.  71

 

The data on under-five mortality is seeked to be mapped and compiled by the UN IGME, who are 

collecting data from vital registration systems, population censuses, household surveys and sample 

registration systems . As demographic surveillance sites and hospital data are usually not nationally 72

representative, these data sources are excluded from the compilations.  

 

The data received from the WPP on under-five mortality, which includes both females and males, 

covers a total of 198 countries and dependencies, and observations for 22 regions, 6 continents and 10 

development and income subdivisions in which the countries and dependencies are grouped, over the 

years 1950-2005 (as this thesis look at the years 1950-2005, data for the years 2006-2015 is left out, 

even though this is accessible). The observations for the regions, continents and the development and 

income subdivisions have not been used in this thesis. The data is presented in five-year estimates 

(median estimates for periods of five years). The natural logarithm of under-five mortality. When 

summarizing the observations, the total number of observations are 2178. Summary statistics are 

presented in table III (see below).  

 

 

 

69 WHO (2018), “Under-five mortality”, Global Health Observatory (GHO) Data 
70 UN IGME (2018), Levels & Trends in Child Mortality: Report 2018, Estimates developed by the United 
Nations Inter-agency Group for Child Mortality Estimation 
71 Ibid. 
72 Ibid. 
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Table III 

Summary statistics for the natural log of under-five mortality 

Year Observations Mean Standard Error Min Max 

1950-1955 198 5.084141 0.6913695 3.168466 6.05831 

1955-1960 198 4.91669 0.7535903 3.019107 6.026706 

1960-1965 198 4.758059 0.8035862 2.902904 6.011627 

1965-1970 198 4.596035 0.8447065 2.681569 5.965172 

1970-1975 198 4.436369 0.8814206 2.485157 5.875548 

1975-1980 198 4.253447 0.9387131 2.230982 6.133578 

1980-1985 198 4.064419 0.9806611 2.024985 5.747892 

1985-1990 198 3.901813 1.015001 1.902406 5.766541 

1990-1995 198 3.740382 1.072856 1.763874 6.143808 

1995-2000 198 3.56216 1.115444 1.456986 5.5108 

2000-2005 198 3.371447 1.136877 1.185401 5.381505 

 

As visible in the table above, the number of observed countries is the same for all observed year 

spans, which indicates that the panel is balanced (the variables are observed for each entity and each 

time period). 

3.5. Final Merging of the Data Sets 

As presented in the previous section, the different original datasets cover different year spans, in 

which neither fully fall within the period 1950-2005. Therefore, the data for the years 2006-2015 from 

the migration and under-five mortality data-sets and from the year 2006 from the precipitation data set 

have been dropped already in the stage of gathering the data. As one can also see, the panel data will 

be unbalanced when merging the data sets. This because of two reasons: 1) The precipitation data is 

unbalanced and 2) the different data sets cover a different amount of countries — the migration and 

under-five mortality data sets cover 198 countries while the precipitation data set covers 144-169 

countries. This means that there are 29 countries for which there are no observations at all for 

precipitation. As this thesis in its first step examines the relationship between precipitation and 

migration, and uses precipitation as its main explanatory variable, data for precipitation is needed for 

at least some years if a country shall be relevant to include at all. As a result, these 29 countries are 

dropped when the data is merged. After having performed this merge, the panel data is still 

unbalanced due to the unbalanced precipitation data. To obtain a perfectly balanced panel data, one 
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would need to omit all the observations that contain missing values for precipitation. There are both 

pros and cons with choosing to balance the data — perfectly balanced data allows for better precision, 

but unbalanced data allows one to use more data (potentially important to include in the analysis — 

many of the countries lacking observations for the earlier years due to Soviet and Yugoslav 

membership cover an area which is not covered by other countries in the data set). As unbalanced 

panel data also allows for a generalization of results as much as balanced panel data, and removes the 

time- and country-specific effects, to a large extent in the same way as the balanced model, the pros of 

the unbalanced data are arguably dominant. This thesis therefore does not drop the countries lacking 

precipitation data for some year spans. The total final list of countries that are used in the empirical 

analysis can be found in Table AII in Appendix 1. 

3.6. Assessment of Measurements Errors 

Almost every data set has a risk of containing measurement errors. There are many possible sources of 

measurement error. They might stem from e. g. directly wrong given answers on surveys, 

typographical errors or doubtful measurement methods . Additionally, random errors are usually 73

separated from systematic errors . Systematic errors may be mitigated by reducing the amount of 74

missing values, and random errors could  be mitigated by e. g. imputation, where one assigns new 

values to the missing values. This may be implemented if the missing values could be perceived as 

missing completely at random (MCAR) or missing at random (MAR). As the missing values in the 

data set that are used in this thesis are rather systematic than random (values are missing due to 

countries not existing before a certain year span), imputation is not applicable. An active choice to not 

reduce the missing values by omitting countries lacking observations for some years has also been 

made, to not lose any observations from countries that may contribute to the result in an important 

way (e. g. many of the countries lacking observations for the earlier years due to Soviet and Yugoslav 

membership cover an area that is not covered by other countries in the data set). This may affect the 

aspired level of precision when the model is estimated, but is deliberately chosen for above-mentioned 

reasons.  

  

73 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson Education, 
Harlow 
74 Körner, S. & Wahlgren, L. (2012), Praktisk statistik, 4. upplagan., Studentlitteratur AB 
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4. Empirical Method 

In this section, the empirical methodology that has been used in order to test the presented hypothesis 

will be presented and discussed. First, the fixed effects model that is used in the empirical analysis is 

described and the models for the first and seconds steps are specified. After that, internal and external 

validity is discussed. 

 

In this thesis, a log-log model is used in both steps of the analysis, which means that both the 

dependent and the explanatory variable are logarithmic. This means that a 1% change in precipitation 

is associated with ß1% change in migration (in the first step of the analysis)  — ß1 is thus the 75

elasticity of migration with respect to precipitation. A linear model would have estimated the effect of 

an absolute change in precipitation on migration. As this thesis does use cross-country data, and the 

aim is to see whether abundant precipitation does have effect on migration, a relative change is more 

interesting and more relevant to study than an absolute change, which is why the log-log model is 

chosen. The same model is used for precipitation and under-five mortality in the second part of the 

empirical analysis. 

4.1. Year- and Country-specific Fixed Effects 

As global cross-country data is used in this thesis, and I this thesis therefore deals with a lot countries 

with different conditions, there might be country-specific characteristics that could affect the effect of 

precipitation on migration respectively under-five mortality. Moreover, there might be factors that 

have changed for all countries over time (e. g. global warming) that could affect this effect. To be able 

to estimate the effect of precipitation on migration flows, without having the estimated nexus being 

deranged due to other factors that could affect migration flows, the direct effect of precipitation on 

migration has to be isolated. When working with panel data, this is done by using a regression model 

with year- and country-specific effects — using a so called entity and time fixed effects regression 

model . The entity fixed effects control for factors that are constant over time but vary between 76

entities, in this case countries, and therefore in this thesis called country-fixed effects. The time fixed 

effects control for factors that are constant between countries but vary between the observed years. 

This model allows us to isolate the effect and clear the regression from country- and time-specific 

effects. A possible limitation when using fixed effects is that there needs to be abundant variation in 

75 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson Education, 
Harlow 
76 Ibid. 
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the explanatory variable over time within the countries, which most likely is the case for  the data used 

in this thesis, due to the size and construction of the data.  

 
In the regressions, clustered standard errors that allow for heteroskedasticity and correlation between 

observations within countries for different years are used. This is because observations from the same 

country cannot be seen as independent observations .  77

 

4.1.1. Models for Examining the Relationship between Precipitation and 

Migration 

The first step of the empirical analysis is to examine whether there is a significant relationship 

between abundant precipitation and net migration. To control for any lagging effects, regressions are, 

beyond the same-year regression, performed with lags for five years and for ten years. In other words, 

beyond looking at the short term effect this thesis also looks at more long term effects — how 

abundant precipitation affects migration five respectively ten years later. This is relevant to look at as 

the adaptation process is not always very fast, especially not if the effect of precipitation on migration 

is indirect. Below, the different models used in the first step of the empirical analysis are presented.  

 

n(migration ) ln(precipitation )l i,t = β1 i,t + αi + δt + ui,t (1) 

n(migration ) ln(precipitation )l i,t = β1 i,t−5 + αi + δt + ui,t (2) 

n(migration ) ln(precipitation )l i,t = β1 i,t−10 + αi + δt + ui,t (3) 

 

The variables and coefficients in the models above are explained in Table IV below. 

 

 

 

 

 

 

 

 

 

 

77 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson Education, 
Harlow 
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Table IV 

Variables and coefficients in the models used in the first step of the empirical analysis 

Variabel name Explanation Variabel name Explanation 

n(migration )l i,t  Dependent variable: natural 
logarithm of net migration in 
country i 

n(precipitation )l i,t−10  Explanatory variable: natural 
logarithm of precipitation, ten 
year lag 

β1  Causal effect of abundant 
precipitation on migration 

αi  Country-specific intercept for 
country i 

n(precipitation )l i,t  Explanatory variable: natural 
logarithm of precipitation, no 
lag 

δt  Year-specific intercept for 
year t  

n(precipitation )l i,t−5  Explanatory variable: natural 
logarithm of precipitation, five 
year lag 

ui,t  Error term 

 

In equation (1), (2) and (3), migration is estimated using precipitation as the explanatory variable. 

Abundant precipitation is expected to have a positive effect on migration, in line with the model on 

environmental migration and the previous literature on climate change and migration.  

4.1.2. Additional Models for Examining the Effect of Under-five Mortality 

As a second step of the empirical analysis, this thesis looks at the potential driver effect of under-five 

mortality on the effect of precipitation on migration. To do this, the countries in the data set are 

divided into two regions with either high or low HDI (the full list of countries included in the regions, 

and a figure showing it on a map, can be found in Table AII and Figure AI in Appendix 2. Adjacent to 

these, an explanation of the choice of division is also provided and a comparison on the effect of 

precipitation on under-five mortality with the effect of precipitation on migration for both regions by 

using bars. If a positive (or negative) relationship of precipitation on under-five mortality corresponds 

to a positive (or negative) relationship of precipitation on migration, under-five mortality is seen as 

having a driving effect. To control for any lagging effects, regressions are, as in the first step of the 

empirical analysis, beyond the same-year regression, performed with lags for five years and for ten 

years. In other words, this thesis looks beyond the short term effect and also examines the more long 

term effects — how abundant precipitation affects under-five mortality five respectively ten years 

later. Below, the different models used in the second step of the empirical analysis are presented.  

 

 

 

 

29 



n(mortality ) ln(precipitation )l i,t = β1 i,t + αi + δt + ui,t (4) 

n(mortality ) ln(precipitation )l i,t = β1 i,t−5 + αi + δt + ui,t (5) 

n(mortality ) ln(precipitation )l i,t = β1 i,t−10 + αi + δt + ui,t (6) 

 

The variables and coefficients in the models above are explained in Table V below. 

 

Table V 

Variables and coefficients in the models (4), (5) & (6) used in the second step of the empirical 

analysis 

Variabel name Explanation Variabel name Explanation 

n(mortality )l i,t  Dependent variable: natural 
logarithm of under-five 
mortality in country i 

n(precipitation )l i,t−10 Explanatory variable: natural 
logarithm of precipitation, ten 
year lag 

β1  Causal effect of abundant 
precipitation on under-five 
mortality 

αi  Country-specific intercept for 
country i 

n(precipitation )l i,t  Explanatory variable: natural 
logarithm of precipitation, no 
lag 

δt  Year-specific intercept for year 
t  

n(precipitation )l i,t−5  Explanatory variable: natural 
logarithm of precipitation, five 
year lag 

ui,t  Error term 

 

In equation (4), (5) and (6), under-five mortality is estimated using precipitation as the explanatory 

variable. Abundant precipitation is expected to have a positive effect on under-five mortality, in line 

with the model on environmental migration.  

4.2. Assessment of Internal and External Validity 

Internal validity rises when the statistical inference is valid for the observed population, i.e. if the 

coefficients are unbiased and consistent, and if their standard errors yield confidence intervals with the 

desired confidence level. Traditional threats to internal validity include omitted variable bias, 

functional form misspecification, errors-in-variables bias, measurement errors, sample selection bias 

and simultaneous causality bias . To minimize the omitted variable bias, which stems from 78

correlation between the error term and the regressor, control variables for year- and country-specific 

fixed effects are included in the model. As there are countless variables that could cause the omitted 

78 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics, 3. rev., Global edn, Pearson Education, 
Harlow 
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variable bias — as global cross-country data is used in this thesis, countless different contexts are at 

play, which makes it difficult to know which kinds of variables would be reasonable to include in the 

model, and to add questionable variables could increase the variance of the estimator of the 

coefficients of interest . This affects internal validity, but there is unfortunately not much that can be 79

done due to the large variety of possible variables. Therefore I stick with the variables for year- and 

country-specific effects. While posing a mitigation solution to the omitted variable bias problem and 

through that increasing the internal validity, the fixed effects model runs the risk of threatening the 

internal validity as well — if the year-specific fixed effects would be dropped, just leaving the 

country-specific fixed effects, it would mean that one faces a loss in internal validity in exchange for 

external validity. The internal validity will decrease as the dropping of the year-specific effects will 

make it difficult to eliminate the possibility that results depend on the eventual fact that climate 

change has e. g. happened to coincide with technical, medical or informational evolution which has in 

itself happened to affect migration patterns — e. g. migration could have increased due to better 

information technology, which may have changed in pretty much the same pace as climate change 

without being a consequence of it. By including year-specific fixed effects, one can eliminate the 

possibility of the estimates being driven by such global trends. By including year-specific fixed 

effects, one may however face a loss in external validity. This since it eliminates the possibility to say 

something about the global estimates, as this only gives one the possibility to draw conclusions about 

country-specific precipitation. If the greatest effect of climate change on migration can be seen on the 

global level rather than on country-specific level, the estimates could miss these effects if 

year-specific fixed effects are used.  

 

As illustrated , one faces a tradeoff between internal and external validity when making the decision 

about the inclusion of year-specific effects. As this thesis strives to examine the effect abundant 

precipitation has on migration, and preferably eliminate as many other factors as possible that might 

have effect on migration, technological development included, the choice to include year-specific 

effects in the model that is used in the empirical analysis of this thesis has been made.  

 

 

 

  

79 Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson Education, 
Harlow 
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5. Estimation and Results 

In this section, regression results from estimating the specified models are presented. Firstly, results 

from the models (1), (2) and (3) will be presented and interpreted. Secondly, region-divided results 

from the models from the models (1), (2) and (3) will be presented and interpreted and compared with 

region-divided results from the models (4), (5) and (6) by using the models (7), (8) and (9). Clustered 

standard errors are displayed in parenthesis below the reported coefficients of the respective variable 

in the tables showing the results from the models (1)-(6), regular standard errors are displayed in 

parentheses below the reported coefficients of the respective variable in the tables showing the results 

from the models (7), (8) and (9). The symbols *, ** and *** refer to the obtained statistical 

significance levels of the coefficients, indicating statistical confidence greater than 0.90, 0.95 and 0.99 

respectively.  

5.1. Results Precipitation and Migration 

Below, in Table VI, regression results for the models (1), (2) and (3) in the first part (i. e. without 

regional division) are presented. Regressions are run with no lag, a five-year lag and a ten-year lag 

precipitation variable.  

 

Table VI  

Regression results: first step, models (1), (2) and (3) 

 (1) 
Migration 

(2) 
Migration 

(3) 
Migration 

Precipitation  0.0286** 
(0.0130) 

  

Precipitation, 5 year lag  0.0597 
(0.0362) 

 

Precipitation, 10 year lag   -0.0000166 
(0.0166) 

Year-specific effects Yes Yes Yes 

Country-specific effects Yes Yes Yes 

N 1666 1497 1328 

R2 0.013 0.016 0.010 

Robust standard errors clustered by country reported in parentheses * p<0.10, ** p<0.05, *** p<0.01. Migration 
denotes the natural log of net migration rate per country and precipitation denotes the natural log of precipitation 
(mm) per country.  
 

32 



Column 1 in Table VI is the model that uses same-year precipitation data as its explanatory variable to 

predict international net migration. Column 2 is the model that uses five-year lag data for 

precipitation, and column 2 is the model that uses ten-year lag data for precipitation. By looking at the 

table, one can see that there seems to be a positive relationship between precipitation and net 

migration when precipitation is measured in the same year and with a five year lag and a negative 

with the ten year lag. One can however see that the only statistically significant effect can be found in 

the model where no lag is used — the coefficient 0.0286 is statistically significant on the 5% 

significance level. This means that it is statistically significant that the migration increases with 

approx. 0.03% when precipitation increases with 1% if one uses same-year measures for precipitation 

and migration. For the five year lag migration is estimated to increase with approx. 0.06% (twice as 

much compared with the same-year measures) per 1% increase in precipitation, and decrease with 

approx. 0.00002% per 1% precipitation increase for the ten year lag. It is important to note that neither 

of these results are statistically significant — either at the ten, five or one percent significance level. 

When looking at the R2-values, one can see that they are for all regressions, statistically significant or 

not, very low — they vary between 0.01 and 0.016. This means that only between 1-1.6 % of the 

variation in net migration can be explained by different regressions. 

 

An answer to the first part hypothesis — H1: There is a positive and significant effect of precipitation 

on migration — would now be: Yes, there is a positive and significant effect of precipitation on 

migration, if the regressions are run with same year data. The degree of explanation is however low. 

With five- or ten-year lag data, one cannot with confidence reject that there is no relationship between 

precipitation and migration. These results will be discussed further in section 6. 

5.2. Country-divided Results for Precipitation and Migration and 

Precipitation and Under-five Mortality 

In this section, second part results are presented (discussions are presented in section 6). Firstly, in 

Table VII, regression results for the models (1), (2) and (3) in the second part are presented. In this 

table, the effect of precipitation on migration when the countries in the data are divided into two HDI 

regions (high HDI and low HDI) is examined, and regressions are run with no lag, a five-year lag and 

a ten year lag. Each column contains results from one of the regions, with one lag (or no lag) version 

of the precipitation variable. Overview of the countries included in the high respective low HDI 

region can be found in Table AII in Appendix 2 (I have also, as Figure AI, included a map where the 

countries are marked in different colours, to facilitate the apprehension of the regions). Secondly, in 

Table IX, regression results for the models (4), (5) and (6) in the second part are presented. In this 
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table, the effect of precipitation on under-five mortality when the countries in the data are divided into 

the two HDI regions is examined, and regressions are run with no log, a five-year lag and a ten year 

lag. Each column contains results from one of the two regions with one lag (or no lag) version of the 

precipitation variable. After providing a presentation of the separate tables, this section will also 

provide a comparison between the results from the two tables to see if the results coincide with each 

other, i. e. if the effect of precipitation on migration can be seen to be larger in regions where the 

effect of precipitation on under-five mortality is also strong. This comparison will be done with help 

of Figure II, showing bars for the different effects measured.  

 

Table VII 

Regression results: second step, models (1), (2) and (3) 

 (1) 
Migration 
HDI: high 

(2) 
Migration 
HDI: low 

(3) 
Migration 
HDI: high 

(4) 
Migration 
HDI: low 

(5) 
Migration 
HDI: high 

(6) 
Migration 
HDI: low 

Precipitation  0.0158 
(0.0208) 

0.0444*** 
(0.0173) 

    

Precipitation, 
5 year lag 

  0.0753 
(0.0634) 

0.0429* 
(0.0252) 

  

Precipitation, 
10 year lag 

    0.00695 
(0.0226) 

-0.00837 
(0.0170) 

Year-specific 
effects 

Yes Yes Yes Yes Yes Yes 

Country-spec
ific effects 

Yes Yes Yes Yes Yes Yes 

N 877 789 786 711 695 633 

R2 0.014 0.022 0.020 0.020 0.012 0.013 

Robust standard errors clustered by country reported in parentheses * p<0.10, ** p<0.05, *** p<0.01. Migration 
denotes the natural log of net migration rate per country and precipitation denotes the natural log of precipitation 
(mm) per country. HDI: high denotes that the regression is run for countries with high HDI and HDI: low 
denotes that the regression is run for countries with low HDI. 
 

As already mentioned, Table VII above shows the results for the effect of precipitation on migration 

when the countries in the data set are divided into regions. There are two regions — one for countries 

with high HDI and one for countries with low HDI — and for each region, three tests have been made 

— one with same year data for precipitation and migration, one with a five-year lag for precipitation 

data and one with a ten-year lag for precipitation data. The numbers presented are the percentage 

changes in migration when precipitation increases with one percent.  
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As outlined, the relationship between precipitation and migration is positive for both high and low 

HDI countries when using same year and five-year lag precipitation data. When using ten-year lag 

precipitation, the relationship is positive for high HDI countries and negative for low HDI countries.  

It hence seems like a wetter climate has a positive effect on migration in high HDI countries both in a 

short term and a long term perspective. In low HDI countries however, it seems like a wetter climate 

is the migration driver in a short term perspective (same year and five-year) but that, in a more long 

term perspective (ten-year), drought is rather the driver for migration. 

 

For countries with low HDI, the precipitation coefficient gets smaller as the precipitation is used with 

a greater lag. This could be interpreted as if large water extents (e. g. floodings) is a driver for 

migration in a short term perspective, and that drought gradually, the more time goes, becomes the 

driver for migration. This is however not the case for high HDI countries — for these, the effect when 

using five-year lag data is bigger than when using same year data, but then becomes smaller again 

when using ten-year lag data. One could therefore argue that the development of the effect of 

precipitation on migration does not have an as-easy-interpreted pattern in high HDI countries as in 

low HDI countries. 

 

Looking at the status of statistical significance for the different tests, two significant results are 

obtained when running the tests. The first one concerns the  regression run on countries with low HDI 

using same year data, which gets a coefficient of 0.0444 on the 1% significance level. This means that 

one can reject the null hypothesis on the 1% level, stating that migration in low HDI countries when 

same year data is used increases with approximately 0.04% when precipitation increases with 1%. The 

second significant result is found when running the regression on countries with low HDI using 

five-year lag data, and get a coefficient of 0.0429 on the 10% significance level. This means that one 

can reject the null hypothesis on the 10% level, stating that migration in low HDI countries when 

five-year lag data is used increases with approximately 0.04% when precipitation increases with 1%. 

For the other tests, no statistically significant results can be found, which means that one cannot reject 

the null hypothesis — as one cannot with confidence reject that there is no relationship between 

precipitation and migration. For all regressions, statistically significant or not, one can see that the 

R2-values are low — they vary between 0.012 and 0.022. This means that only between 1.2-2.2 % of 

the variation in net migration can be explained by the different regressions.  

 

In Table IX below, regression results for precipitation and under-five mortality will follow. 
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Table IX 

Regression results: second step, models (4), (5) and (6) 

 (1) 
Mortality 
HDI: high 

(2) 
Mortality 
HDI: low 

(3) 
Mortality 
HDI: high 

(4) 
Mortality 
HDI: low 

(5) 
Mortality 
HDI: high 

(6) 
Mortality 
HDI: low 

Precipitation  -0.0792 
(0.0642) 

-0.0439 
(0.0519) 

    

Precipitation, 
5 year lag 

  -0.0462 
(0.0583) 

-0.0875 
(0.0624) 

  

Precipitation, 
10 year lag 

    -0.0312 
(0.0631) 

0.0920 
(0.0727) 

Year-specific 
effects 

Yes Yes Yes Yes Yes Yes 

Country-spec
ific effects 

Yes Yes Yes Yes Yes Yes 

N 877 789 786 711 695 633 

R2 0.812 0.783 0.807 0.770 0.799 0.751 

Robust standard errors clustered by country reported in parentheses * p<0.10, ** p<0.05, *** p<0.01. Mortality 
denotes the natural log of under-five mortality rate per country and precipitation denotes the natural log of 
precipitation (mm) per country. HDI: high denotes that the regression is run for countries with high HDI and 
HDI: low denotes that the regression is run for countries with low HDI. 
 

As previously mentioned, Table IX above shows the results for the effect of precipitation on 

under-five mortality when the countries in the data set are divided into regions. There are two regions 

— one for countries with high HDI and one for countries with low HDI — and for each region, three 

tests have been made — one with same year data for precipitation and under-five mortality, one with a 

five-year lag for precipitation data and one with a ten-year lag for precipitation data. The numbers 

presented are the percentage changes in under-five mortality when precipitation increases with one 

percent.  

 

The relationship between precipitation and under-five mortality is negative for both high and low HDI 

countries when using same year and five-year lag precipitation data. When using ten-year lag 

precipitation, the relationship is negative for high HDI countries and positive for low HDI countries. 

This indicates that drier, rather than wetter climate, has a positive effect on under-five mortality in 

high HDI countries, both in a short term and a long term perspective. In low HDI countries, it seems 

like drier climate has a positive effect on under-five mortality in a short term perspective (same year 

and five-year) but that a wetter climate, instead, has a positive effect on under-five mortality in a more 

long term perspective (ten-year).  
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For countries with high HDI, the precipitation coefficient gets smaller as the precipitation data is used 

with a greater lag. This can be interpreted as if drought is a driver for under-five mortality in a short 

term perspective, but that the positive effect of drought on under-five mortality becomes less and less 

strong, gradually, the more time goes. For the low HDI countries, one can see that the effect is not 

experiencing a gradual change in the same way — when using five-year lag data, the precipitation 

coefficient is more negative than when using same year data, but when using the ten-year lag data, the 

precipitation coefficient is positive. One could therefore contend that the development of the effect of 

precipitation on under-five mortality does not have an as-easy-interpreted pattern in low HDI 

countries as in high HDI countries. 

 

Looking at the status of statistical significance for the different tests, one can see that no significant 

results where obtained when running the tests. This means that one cannot reject the null hypothesis 

and that there is thus no significant relationship between precipitation and under-five mortality in any 

of the regressions. When looking at the R2-values, one can see that they unlike the earlier cases are 

pretty high — they vary between 0.751 and 0.812. This means that between 75.1-81.2 % of the 

variation in net migration can be explained by the different regressions.  

 

To be able to compare the results from the precipitation/under-five-mortality-table above with the 

earlier results from the precipitation/migration-table, the measured effects are presented below in 

Figure II. 
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Figure II 

Comparison of the effects of precipitation on net migration and under-five mortality 

 

Y-axis: size of the point estimates. Bars: point estimates (exact size is told by the number above/below the bar). 
Span: confidence interval. Dark grey = effect of precipitation on migration. Light grey = effect of precipitation 
on under-five mortality. As seen, the effects of precipitation on migration respectively under-five mortality do in 
every case go in different directions. 
 

Figure II allows for a visual comparison of the the effects of precipitation on net migration and 

under-five mortality. Dark grey bars show the effect of precipitation on migration and light grey bars 

show the effect of precipitation on under-five mortality. First pair shows the effects for same year data 

for countries with high HDI, second pair shows the effects for same year data for countries with low 

HDI, third pair shows the effects for five-year lag data for countries with high HDI, fourth pair shows 

the effects for five-year lag data for countries with low HDI, fifth pair shows the effects for ten-year 

lag data for countries with high HDI and sixth pair shows the effects for ten-year lag data for countries 

with low HDI. The spans for each bar do show the confidence interval for each regression result. As 

one can see, they are very large, which indicates that the precision is bad. This will be discussed 

further in section 6. 
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As one can see, the effect of precipitation on migration is in five out of six cases positive, and the 

effect of precipitation on under-five mortality is in five out of six cases negative. As can be seen 

above, these directions correspond to each other — when the effect of precipitation on under-five 

mortality is negative, the effect of precipitation on migration is positive, and vice versa. In every case, 

the effects are going in different directions. This implicates that the effect of precipitation on 

under-five mortality does, in contrary to the stated (second part) hypothesis, rather attenuate than 

enhance the effect of precipitation on migration. In other words, it looks like there are smaller 

incentives to migrate if the under-five mortality is high than if it is low. All of this will be discussed 

further in section 6. 
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6. Discussion 

The results from this thesis show that there is a positive (though not substantial) and significant effect 

of precipitation on migration, if the regressions are run with same year data, but not if the regressions 

are run with data with a five- or ten-year lag. This means that the first part hypothesis — that there is 

a positive and significant effect of precipitation on migration — is met when analysing the effect of 

precipitation data on same year migration data. This could be interpreted as that a larger amount of 

precipitation does lead to more people migrating in the short run. When looking at the five-year lag 

effect of precipitation on migration, the results found are indeed positive, but not significant. This 

does not mean that there is no relationship at all between precipitation and migration on a five-year 

lag basis, but rather that more research, with possibly better specifications, is needed. Even though 

this thesis has failed to reject the null hypothesis (that there is no relationship between precipitation 

and migration), the positive coefficient (which is almost the double of the coefficient when same-year 

data is used) indicates that there is a positive relationship between precipitation and migration also on 

the five-year lag level. On the ten-year lag level, the results are negative, very small and insignificant. 

In this case, the null hypothesis cannot be rejected either, but in contrary to the results with the 

five-year lag level data, the obtained relationship in this case is very, very small, and therefore, there 

is reason to believe that the relationship is in fact not very mentionable.  

 

All in all, comparing the results from the three tests, one can see the indication that the initial effect of 

abundant precipitation (the one that is also significant) is positive, that it doubles in the five-year run 

and the falls in the longer, ten-year run. In other words, it seems like a wetter climate is the migration 

driver in a short term perspective (same year and five-year) but that, in a more long term perspective 

(ten-year), drought rather drives migration. The results show that the effect of abundant rainfall is on 

average larger than the effects of too little rainfall, which is in line with Coniglio and Pesce , who do 80

the same findings in their study from 2014.  

 

The results found in the first part of the empirical analysis are arguably reasonable when looking at 

Stämpfli’s  model for environmental migration presented in the theoretical framework section — as 81

Stämpfli says, existing vulnerabilities, individuals’ and households’, are determining whether, when 

and how the choice to actually migrate is made. At an initial point, there is no feedback, and the 

vulnerabilities existing in the same time are the ones affecting the decision to migrate. In a five-year 

perspective, there might have been policy responses and other kinds of feedback, but they might not 

80 Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical analysis 
81 Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 
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have had actual effect yet. Also, new kinds of vulnerabilities may have risen, as flooding and other 

consequences of abundant precipitation might have led to different kinds of degradation that make 

both individuals and households more vulnerable in different ways, and therefore more likely to 

migrate. This could serve as an explanation for why the precipitation coefficient determining the 

migration grows larger in the five-year perspective, compared to the same-year perspective, and 

something that is in line with the findings of Warner et al , who find that migration can in itself be a 82

vulnerability-increasing driver, which creates gaps in daily family ties and income-earning capacities 

at home or on an individual/familiar level. In the ten-year perspective, different kinds of feedback 

(both direct and indirect such) may have had actual effect — policy responses may have increased the 

living standard and through that have managed and mitigated existing vulnerabilities, and relieved 

pressure on natural resources due to a lot of people migrated may have contributed to a less vulnerable 

situation in several ways — relieved pressure on natural resources means a more resilient society and 

less contribution to global warming, and it might also make it easier to access resources crucial for a 

household.  

 

For the second part of the empirical investigation, the results show that the effects of precipitation on 

migration and the effects of precipitation on under-five mortality do in every case where results were 

obtained go in different directions — in five out of six cases (high HDI same year, five-year lag and 

ten year lag data, and low HDI same year and five-year lag data), the effect of precipitation on 

migration is positive and in one out of six (low HDI ten-year lag data) it is negative. Correspondingly, 

in five out of six cases (high HDI same year, five-year lag and ten year lag data, and low HDI same 

year and five-year lag data), the effect of precipitation on under-five mortality is negative and in one 

out of six (low HDI ten-year lag data) it is positive. This means that the stated second part hypothesis 

— There is a positive relationship between the effect of precipitation on under-five-mortality and the 

effect of precipitation on migration — is not met in any measured case. Few of the obtained results are 

significant (only the precipitation on migration effects for low HDI countries for same year and 

five-year lag data are significant), and therefore, one cannot reject that there is no relationship 

between precipitation and migration respectively precipitation and under-five mortality in most cases, 

but the results are still substantial enough to think that there are actual effects.  

 

The results obtained from the second part of the empirical analysis implicate that the effect of 

precipitation on under-five mortality does, in contrary to the stated (second part) hypothesis, rather 

attenuates than enhances the effect of precipitation on migration. In other words, there seem to be 

82 Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F., Julca, A. (2009), Climate change, environmental 
degradation and migration 
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smaller incentives to migrate if the under-five mortality is high than if it is low. As mentioned, this is 

against the hypothesis previously presented. By looking back at the Stämpfli  model I presented in 83

the theoretical framework section, one can however still find arguments for the  reasonability of these 

results. Although under-five mortality could be described as one of the most severe vulnerabilities a 

society, especially individuals and households may face (as written in the background section), an 

increased risk for their child dying when taking more extreme measures (e. g. migrating) referred to 

by Stämpfli as her model’s third element, facilitators or constraints, which may affect the possibility 

to migrate. E. g., if the probability of your child dying increases, the expected future security from the 

family network might decrease, and one would be more compelled to take care of other bonds and 

networks (which one probably risks losing if choosing to migrate). A situation like this would explain 

the opposite directions of the effects of precipitation on under-five mortality and migration. 

 

As mentioned, only few of the obtained results are statistically significant. One can furthermore see 

that the confidence interval spans (shown in Figure II) are very large, which indicates that the 

precision is limited.  

To get results that could be interpreted with more confidence, one would need to get more precise 

(and in the best case, significant) results. One idea to obtain more precise, and in the best case 

significant, results would be to use an even larger data set, with more year observations (this thesis 

had 1328-1666 observations to work with in the first part of the analysis, and 633-877 observations to 

work with in the second part of the analysis). As the precipitation data set used in this thesis did only 

provide data for 169 countries, it was not possible to use data for more countries. As the precipitation 

data set only provided data for the years 1950-2006, and the migration and under-five mortality data 

was originally presented in five-year median estimates, this also made it impossible to use a larger 

time span. The migration and under-five mortality data sets would allow for more observations, but as 

the relationships of interest depended on precipitation, it would not have made sense to include years 

or countries without any precipitation data observations in the study. For future research, an idea to 

get better precision would be to use a larger, more comprehensive precipitation data set.  

 

 

 

 

 

 

83 Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 
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Summarized, one can see that my findings, although not entirely significant, indicate that there is a 

relationship between abundant precipitation and migration, and that the effect first gets negative in the 

more long-term run. As a result of low precision and, as previously mentioned non-significance, it is 

however difficult to draw specific conclusions about how exactly net migration respectively 

under-five mortality should be expected to be affected by abundant precipitation. My findings also 

show that there is a need for a better understanding of kind of vulnerabilities actually lead to what 

kind of consequences, as this is not very clear today — what kind of predisposing conditions are 

working as push respectively pull factors? What kind of facilitators and constraints are working as 

push respectively pull factors? For policy makers to be able to provide the right kind of reforms to 

partly handle the consequences of the climate change, partly build a less vulnerable society, there is 

definitely a large need for  more research in this area. 
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7. Concluding Remarks 
 
In this thesis, I have aimed to investigate if migration is a significant adaptation strategy to the 

experience of abundant precipitation, and whether under-five mortality attenuates or enhances 

migrations flows when working as an intermediating factor. I expected to find a positive and 

significant effect of precipitation on migration and a positive relationship between the effect of 

precipitation on under-five mortality and the effect of precipitation on migration. Results show that 

there is a positive and significant short term effect of precipitation on migration. For the five-year lag 

data and the ten-year lag data, the null hypothesis saying that there is no relationship cannot be 

rejected, but there are still results that indicate that the migration goes up in a five-year perspective 

and down in a ten-year perspective. Overall, the coefficients are not enormous. For the second part of 

the analysis, results show that the effect of precipitation on under-five mortality does, in contrary to 

the stated hypothesis, rather attenuate than enhance the effect of precipitation on migration.  

 

As illustrated, my findings indicate that the effects of abundant precipitation on net migration and 

under-five mortality are headed in certain directions, but due to low precision and a majority of 

non-significant results, it is difficult to draw very specific conclusions about how exactly net 

migration respectively under-five mortality should be expected to be affected by abundant 

precipitation. What can be rejected is that the effects of abundant precipitation on net migration and 

under-five mortality is enormous and that the effects on net migration respectively under-five 

mortality are moving in the same directions.  

 

Overall, one can conclude that there is a relationship between precipitation and migration, and that the 

presence of vulnerabilities (level of under-five mortality and other kinds of vulnerabilities) play an 

important role in determining the choice of migrating. What kind of vulnerabilities actually do lead to 

what kind of consequences — what kind of predisposing conditions are working as push respectively 

pull factors and what kind of facilitators and constraints are working as push respectively pull factors 

— would be an area where further research would be very welcome. I would also, after having found 

indications that the effects on net migration respectively under-five mortality are moving in opposite 

directions, beyond seeing more general further research in the area, also be interested in seeing further 

research on each of the two effects looked at in this paper — what kind of precipitation (Abundant? 

Lacking?) is affecting under-five mortality respectively migration in what way? What kind of 

consequences of the precipitating event do affect under-five mortality and migration in the same 

respectively opposite way? What kind of facilitators and constraints are working the same respectively 
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opposite way in the two cases? With further research on these effects, with the Stämpfli model used in 

thesis as a base, one would probably be able to understand the results found in this thesis better and be 

able to use them better in policy making processes. 

 

As António Guterres said in 2009 — “Nobody can say exactly how many people will be displaced by 

natural disasters and climate change in the decades to come. Current predictions vary enormously: 

from tens of millions to over a billion”. We cannot for sure know what will happen. We cannot know 

how many people will be displaced, when they will displaced or how they will be displaced. There are 

a lot of things we do not know about the future impacts climate change may have on migration 

patterns but by investigating what makes people migrate and what makes them stay, we might get 

closer to an answer. With more research, more knowledge and more engagement in the field, we 

might sometime, hopefully within a short future, get better on how to deal with the vulnerabilities in a 

wetter world.  

 

  

45 



References 

Andriano, L. (2017), Climate change and child mortality in sub-Saharan Africa: can maternal 
education and community factors moderate this effect? 
 
Bates, D. C. (2002), “Environmental Refugees? Classifying Human Migrations Caused by 
Environmental Change” Population and Environment vol 23 
 
Becker, G. (2007), “Health as human capital: synthesis and extensions”, Oxford Economic Papers 59 
 
Bell, J.E., S.C. Herring, L. Jantarasami, C. Adrianopoli, K. Benedict, K. Conlon, V. Escobar, J. Hess, 
J. Luvall, C.P. Garcia-Pando, D. Quattrochi, J. Runkle, and C.J. Schreck, III. (2016) “Chapter 4: 
Impacts of extreme events on human health.” The impacts of climate change on human health in the 
United States: A scientific assessment, U.S. Global Change Research Program.  
 
Black, R., Adger, W. N., Arnell, N. W., Dercon, S., Geddes, A., and Thomas, D. (2011), “The effect 
of environmental change on human migration” Global Environmental Change 21 
 
Borjas, G. J. (1989), “Economic theory and international migration” The International Migration 
Review 23 
 
Burgess, R., Deschenes, O., Donaldson, D. & Greenstone, M. (2011), Weather and Death in India 
 
Clark, D. & The Met Office (2011), How will climate change affect rainfall, The Guardian, Retrieved 
from https://www.theguardian.com/environment/2011/dec/15/climate-change-rainfall on 2018-11-27 
 
Coniglio, N. D. & Pesce, G. (2014), Climate Variability and International Migration: an empirical 
analysis 
 
Cooper, J. B. (1998) “Environmental Refugees: Meeting the Requirements of the Refugee Definition” 
New York University Environmental Law Journal vol 6 
 
Dun, O., Gemenne, F., Stojanov, R. (2007), “Environmentally displaced persons: Working 
Definitions”, EACHFOR project  
 
El-Hinnawi, E. (1985), Environmental Refugees, UNEP, Nairobi 
 
Fischetti, M. (2015), “Climate Change Hastened Syria’s Civil War”, Scientific American, Retrieved 
from https://www.scientificamerican.com/article/climate-change-hastened-the-syrian-war/ on 
2018-11-28 
 
Guterres, A. (2009), “Bracing for the Flood”, New York Times, Retrieved from 
https://www.nytimes.com/2009/12/11/opinion/11iht-edguterres.html on 2018-11-20 
 
Han, P., Foltz, J. (2013), The Impacts of Climate Shocks on Child Mortality in Mali 
 
Hsiang, S., Burke, M. & Miguel, E. (2013), “Quantifying the Influence of Climate on Human 
Conflict”, Science vol 341 Issue 6151 
 

46 

https://www.theguardian.com/environment/2011/dec/15/climate-change-rainfall
https://www.scientificamerican.com/article/climate-change-hastened-the-syrian-war/
https://www.nytimes.com/2009/12/11/opinion/11iht-edguterres.html


Hugo, G. (1996), “Environmental concerns and international migration” International Migration 
Review 30 
 
IPCC (2014), Summary for Policymakers. In: Climate Change 2014: Mitigation of Climate Change 
 
Körner, S. & Wahlgren, L. (2012), Praktisk statistik, 4. upplagan., Studentlitteratur AB 
 
Laczko, F. & Aghazarm, C. (2009), Migration, Environment and Climate Change: Assessing the 
Evidence, IOM 
 
Morton, A., Boncour, P., Laczko, F. (2008), “Human security policy challenges”, Forced Migration 
Review, vol. 31 
 
Myers, N. (1993), “Environmental refugees in a globally warmed world” Bioscience no 43 
 
Myers, N. (2001), Environmental Refugees, a growing phenomenon in the 21st century 
 
National Center for Atmospheric Research Staff (Eds) (2014), The Climate Data Guide: Precipitation 
Data Sets: Overview & Comparison table. Retrieved from 
https://climatedataguide.ucar.edu/climate-data/precipitation-data-sets-overview-comparison-table on 
2018-11-27 
 
Ravenstein, E.G. (1885), “The laws of migration” Journal of the Royal Statistical Society 48 
 
Renaud, F., et al. (2008), Deciphering the Importance of Environmental Factors in Human Migration. 
In: Environment, Forced Migration and Social Vulnerability Conference, UNU-EHS, Bonn, Germany 
 
Richmond, A. (1994), “Global apartheid: Refugees, racism, and the new world order” Oxford 
University Press 
 
Seguin, W. et al (2009), Glossary of Meteorology, American Meteorological Society 
 
Sheffield, P. E., Landrigan, P. J. (2010), Global Climate Change and Children’s Health: Threats and 
Strategies for Prevention 
 
Sova, C. (2017), The First Climate Change Conflict, World Food Programme USA, Retrieved from 
https://www.wfpusa.org/articles/the-first-climate-change-conflict/ on 2018-11-28 
 
Stillman, D. & Green, J. (2017), What are Climate and Climate Change, NASA, Retrieved from 
https://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-climate-change-k4.html 
on 2018-11-27 
 
Stock, J.H., & Watson, M.W. (2015), Introduction to econometrics,  3. rev., Global edn, Pearson 
Education, 
Harlow 
 
Stämpfli, F. (2017), Framing Environmental Migration: An Analysis of Indian Government Policies 
 
Suhrke, A., Visantin, A. (1991) “The Environmental Refugee: A New Approach” Ecodecision  
 

47 

https://climatedataguide.ucar.edu/climate-data/precipitation-data-sets-overview-comparison-table
https://www.wfpusa.org/articles/the-first-climate-change-conflict/
https://www.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-climate-change-k4.html


Terminski, B. (2012), Environmentally-Induced Displacement, Theoretical Frameworks and Current 
Challenges 
 
UNHCR (1951), Convention and protocol relating to the status of refugees 
 
UNICEF (2015), Unless we act now: the impact of climate change on children 
 
UN IGME (2018), Levels & Trends in Child Mortality: Report 2018, Estimates developed by the 
United Nations Inter-agency Group for Child Mortality Estimation 
 
United Nations Department for Social and Economic Affairs (2017), World Population Prospects: 
The 2017 Revision 
 
United Nations Department for Social and Economic Affairs (2017), World population projected to 
reach 9.8 billion in 2050, and 11.2 billion in 2100 
 
Warner, K., Hamza, M., Oliver-Smith, A., Renaud, F., Julca, A. (2009), Climate change, 
environmental degradation and migration 
 
Westing, A. H. (1992), “Environmental refugees: a growing category of displaced persons” 
Environmental Conservation vol 19 
 
WHO (2018), Climate Change and Health (2018), Retrieved from 
http://www.who.int/news-room/fact-sheets/detail/climate-change-and-health on 2018-11-30 
 
WHO (2018), “Under-five mortality”, Global Health Observatory (GHO) Data, Retrieved from 
https://www.who.int/gho/child_health/mortality/mortality_under_five_text/en/ on 2018-11-27 
 
Woehlcke, M. (1992),  “Environmental Refugees” Aussenpolitik vol 43 no 3 
 
Wood, W. B., “Ecomigration: Linkages Between Environmental Change and Migration”. In: Zolberg, 
A. R., Benda, P. M. (2001), Global Migrants, Global Refugees: Problems and Solutions 
 
 

  

48 

https://www.who.int/gho/child_health/mortality/mortality_under_five_text/en/


Appendix 1: Countries with missing value 
 

Table AI 

Countries with missing values in the precipitation data set 

Country Years missing Country Years missing 

Armenia 1950-1990 (8 obs.) Lithuania 1950-1990 (8 obs.) 

Azerbaijan 1950-1990 (8 obs.) Macedonia 1950-1995 (9 obs.) 

Bangladesh 1950-1970 (4 obs.) Moldova 1950-1990 (8 obs.) 

Belarus 1950-1990 (8 obs.) Myanmar 1950-1960 (2 obs.) 

Bosnia & Herzegovina 1950-1995 (9 obs.) Namibia 1950-1990 (8 obs.) 

Croatia 1950-1995 (9 obs.) Pakistan 1950-1970 (4 obs.) 

Czech Republic 1950-1995 (9 obs.) Slovakia 1950-1995 (9 obs.) 

Eritrea 1950-1995 (9 obs.) Slovenia 1950-1995 (9 obs.) 

Estonia 1950-1990 (8 obs.) Tajikistan 1950-1990 (8 obs.) 

Georgia 1950-1990 (8 obs.) Turkmenistan 1950-1990 (8 obs.) 

Kazakhstan 1950-1990 (8 obs.) Ukraine 1950-1990 (8 obs.) 

Kyrgyzystan 1950-1990 (8 obs.) Uzbekistan 1950-1990 (8 obs.) 

Latvia 1950-1990 (8 obs.)   
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Appendix 2: Countries included in empirical analysis 
In this appendix, an overview over the countries included in the two groups used in the second part of 

the empirical analysis, high HDI and low HDI, is provided. Table AII lists the countries in each group, 

and Figure AI shows how these countries are distributed on the World map.  

 

As I’ve had difficulties finding earlier studies providing a division for similar types of empirical 

regression analyzes, this division is constructed by me especially for this study. The reason I have 

chosen this division is because I do suppose that low HDI countries might have more similarities with 

other low HDI countries when it comes to how their populations and their systems handle different 

kinds of vulnerabilities and react to different events, and vice versa. There might be other suitable 

divisions as well (that might be discussed for if further similar studies are to be made), but this is the 

one I have chosen to use.  

 

Table AII 

Countries included in the empirical analysis 

Region Country 

HIGH: Very high and high HDI Albania, Algeria, Argentina, Armenia, Australia, Austria, Azerbaijan, Bahamas, 
Belarus, Belgium, Belize, Bosnia & Herzegovina, Botswana, Brazil, Brunei, 
Bulgaria, Canada, Chile, China, Colombia, Costa Rica, Croatia, Cuba, Cyprus, 
Denmark, Dominican Republic, Ecuador, Estonia, Fiji, Finland, France, Georgia, 
Germany, Greece, Hungary, Iceland, Iran, Ireland, Israel, Italy, Jamaica, Japan, 
Jordan, Kazakhstan, Kuwait, Latvia, Lebanon, Libya, Lithuania, Luxembourg, 
Malaysia, Mauritius, Mexico, Mongolia, Netherlands, New Zealand, Norway, 
Panama, Paraguay, Peru, Poland, Portugal, Romania, Oman, Qatar, Russia, Saint 
Vincent and the Grenadines, Samoa, Saudi Arabia, Serbia & Montenegro, Slovakia, 
Slovenia, South Korea, Spain, Sri Lanka, Suriname, Sweden, Switzerland, Taiwan, 
Thailand, Trinidad and Tobago, Tunisia, Turkey, Turkmenistan, Ukraine, United 
Arab Emirates, United Kingdom, United States, Uruguay, Uzbekistan, Venezuela 

LOW: Medium and low HDI Afghanistan, Angola, Bangladesh, Benin, Bhutan, Bolivia, Burkina Faso, Burundi, 
Cambodia, Cameroon, Cape Verde, Central African Republic, Chad, Comoros, 
Congo-Brazzaville, Congo-Kinshasa, Côte d’Ivoire, Czech Republic, Djibouti, 
Egypt, El Salvador, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, 
Guatemala, Guinea, Guinea-Bissau, Guyana, Haiti, Honduras, India, Indonesia, Iraq, 
Kenya, Kyrgyzstan, Laos, Lesotho, Liberia, Macedonia, Madagascar, Malawi, Mali, 
Mauritania, Moldova, Morocco, Mozambique, Myanmar, Namibia, Nepal, 
Nicaragua, Niger, Nigeria, North Korea, Pakistan, Papua New Guinea, Philippines, 
Rwanda, Sao Tome and Principe, Senegal, Sierra Leone, Solomon Islands, Somalia, 
South Africa, Sudan, Swaziland, Syria, Tajikistan, Tanzania, Togo, Uganda, 
Vanuatu, Vietnam, Yemen, Zambia, Zimbabwe 
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Figure AI 

Map over countries of the world with HDI division (Green=high, yellow-red=low) 
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