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Abstract:

Using a unique dataset in Latin America, | exploit the nonlinear relation between temperature and
conflict onset in the region. | find that an increase in temperature in a specific month increases the
number of conflicts started in that same month with more than 30 percent compared to the
average number of conflict onsets. Diving more into the different types of civil conflict, | find that
temperature almost exclusively impacts non-state-based conflicts. These results shows the
importance of investigating this relationship in Latin America, a region not often used in this field
of research. Studying this effect could help policymakers understand where the high levels of
conflict are coming from and shift their focus more towards fighting climate change.
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1 Introduction

Climate change is becoming a focal point of academic research. As we see mounting evidence
of the impact of global warming on societal, cultural, and economic aspects, we also observe an
increase of its importance on the agenda of policymakers and global politics. Greater climate
variability is leading to more erratic temperatures and more volatile rainfall, from extreme
droughts to extremely high levels of precipitation (Mirza, 2003). Researchers worry that these
trends are causing increases in the risk of armed conflicts (see e.g., Miguel et al., 2004; O'Loughlin
et al., 2014; Burke et al., 2009).

Within the field of research, a lot of attention has been going toward the nexus between climate
change and conflict in Africa and Asia, and specifically in Sub-Saharan Africa, due to its
dependence on various important factors such as rainfed agriculture and its high levels of poverty
and political instability. Yet, evidence suggests that impacts of climate change, such as extreme
weather events, resource scarcity and vulnerability are not confined to these regions alone (see
e.g., Jacob et al., 2007). Research on this relationship is notably lacking in the context of Latin
America, while the limited number of studies conducted in the region establish the same effects
to those observed in Africa and Asia (see e.g., Baysan et al., 2019; Hidalgo et al., 2010).

This study seeks to fill this research gap by examining the relationship between temperature
and conflict in Latin American countries, a region where temperatures are expected to rise by up
to 4.5°C compared to pre-industrial times, by the end of this century, and sea levels are increasing
(World Meteorological Organization, 2023; Reyer et al., 2017). | combine grid level conflict data
from the Uppsala Conflict Data Program with satellite-based estimates for temperature and
rainfall, and aggregate these to the subnational unit level, for the years 2000-2022. Looking at the
change in number of conflict onsets within a month, | document a nonlinear relationship between
temperature and conflict levels. A 1°C increase in temperature in a given month increases the
number of conflicts onsets with 0.14 in that same month, a 32 percent rise compared to the
average.

Events taken into account range from conflicts between civilians, gangs, states, and one-sided
violent events. Previous studies find that communal conflicts are affected the most by

temperature changes (Fjelde & von Uexkull, 2012), due to civilians’ vulnerability to resource
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scarcity and income changes. To pin down this effect, | decompose the estimated temperature-
conflict relationship into the effects of temperature on three different types of conflict: state-
based, non-state-based and one-sided violence. | find that the temperature mainly impacts non-
state-based conflict events. Moreover, precipitation is documented to negatively impact non-
state-based conflict, where 100mm of precipitation more in a given month decreases conflict
onset with 0.047.

Using the binned temperature approach, | find that the impact of temperature changes in the
previous month are significantly related to non-state-based conflict in the subsequential month.
Relative to the reference temperature interval, an extra day between 18.5 - 21°C, 21 - 23.5°C,

26 —28.5°C and above 28.5°C increases the amount of conflict onsets in the following month.

This study makes several contributions to the research field. Firstly, this research is among the
first to investigate the impact of temperatures on civil conflict in Latin America and finds a
significant relationship. It provides a base for future research that implies that the region is worth
looking into. Moreover, future research should dive more into this region to see how far this
relationship goes. Including mechanisms, such as agricultural yield or income losses, were not in
the scope of this research, but could help provide better answers and provide more insights for
policy makers and climate change adaption strategies on how to tackle the problems arising,
which is the second contribution of this study. Conflict is considered a large problem in Latin
America, and this study has laid groundwork for future research to dive deeper into finding
strategies of fighting civil conflict. This research helps policymakers see that climate change can
be on the agenda when trying to lower conflict in the regions, and also focus more on the

adaptation of the country to a more warming climate.

The rest of the research is structured as follows. Chapter 2 introduces the related literature and
establishes an example of how temperatures influence conflict. Chapter 3 presents the empirical
framework and strategy of the paper. Chapter 4 describes the data sources and summary
statistics. Chapter 5 reports my results. Chapter 6 discusses the implications of the results and

concludes.
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2 Literature Review

Research concerning the relationship between climate and conflict has generally concentrated
on Africa (see e.g., Miguel et al., 2004; Buhaug, 2010; Miguel & Satyanath, 2011; Hendrix &
Salehyan, 2012; O'Loughlin et al., 2014; Theisen et al., 2012; Burke et al., 2009) and Asia (see e.g.,
Jasparro & Taylor, 2008; Gerstl & Helmke, 2012). As climate change has been leading to an
increase in the frequency of extreme weather events (Mirza, 2003; Kharin & Zwiers, 2000),
research has also argued that other parts of the world are experiencing more civil conflict due to
climate change, such as Mexico (Baysan et al., 2019) and the United States of America (Jacob et
al., 2007; Mares, 2013), There is a large body of research on the topic of climate variability and
civil conflict combined, yet mainly focused on Sub-Saharan Africa or Asia.

Africa is often used because of its dependence on rainfed agriculture, its high levels of poverty
and its political instability (Boko et al., 2007). Due to the effects of climate change on agricultural
productivity, there is a high likelihood of less than average crop income in these regions. Next to
this, various other mechanisms are researched to provide answers for the effect between climate
and civil conflict. Heavy rainfall could block roads or bridges, increasing the cost of state security
efforts against various attacks (see e.g., Sarsons, 2015; Hsiang & Burke, 2014; Fearon & Laitin,
2003). Resource scarcity, due to climate change, could cause distributional conflicts as
competition for pieces arises, and more migration internally or across countries could spark ethnic

tensions (see e.g., Percival & Homer-Dixon, 1998; Reuveny, 2007).

2.1 Agriculture and Civil Conflict

There are several ways of how irregular temperatures, heavy rainfall or droughts might affect
the number, length, or intensity of civil conflicts. Of the various general theoretical approaches
that are mentioned in literature, agricultural production is the most frequent. Due to climate
variability, the availability of resources decreases, causing economic hardship and in turn,
incentive for participation in violent conflict (Crost et al., 2018). This is also a concept brought
forward by the neo-Malthusian analysis. Next to the argument of the neo-Malthusian analysis on

population growth, they also predict that scarcity of resources fuels conflict (Hendrix & Glaser,
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2007). While the neo-Malthusian theory is often found to be unclear and difficult to replicate (see
e.g., Theisen, 2008), various studies have changed and tweaked the measures and variables to
see whether the theory could be held to some truth. Raleigh & Urdal (2007) found that the access
to freshwater decreased the level of conflict and Levy et al. (2005) showed that significantly low
levels of rainfall increased the likelihood of conflict in the following year.

Only Bollfrass & Shaver (2015) do not find that agriculturally dependent countries are more
likely to experience higher conflict. Salehyan & Hendrix (2014), while finding an inverse
relationship, prove that the relationship between conflict and water abundance is dependent on
levels of development and agricultural dependence of the economy.

According to Crost et al. (2018), who conducted an analysis in the Philippines, agricultural area
is of high significance on the intensity of the conflict, comparing less agriculturally devoted
provinces to more agriculturally devoted provinces. This line of thought is also followed by Von
Uexkull et al. (2016). They investigate “climate-induced crop failure” and its effect on income,
material, and human capital, which would stimulate conflict. In their empirical analysis, they look
at Africa and Asia, dividing agricultural dependence by ethnic group. Their findings show that
more politically marginalized and agriculturally dependent ethnic groups are more vulnerable to
droughts and have anincreased likelihood of conflict involvement when the duration of a drought
increases. This concept, based on agricultural production brings forward a more detailed analysis
by various other authors, and in turn a second strand of theory that focusses more on the
economic effect of agricultural production and on the opportunity cost to wages in economies.
Brought forward by Collier (2000), Collier & Hoeffler (2002) and Collier & Hoeffler (2004), the
theory states that the economic returns of joining the rebels is higher that the economic return
of other conventional economic activity that would generate income, driving the relationship
between low income and civil war. A highly referenced article by Miguel et al. (2004) establishes
the same reasoning, where significantly low levels of rainfall decreased opportunity costs of

joining violence.
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2.2 Climate Change, Agriculture and Civil Conflict in Latin America

There are only a few articles that investigate the relationship between climate and conflict in
Latin America, and if so, it is mainly country specific. Hidalgo et al. (2010) looks into the
relationship between rainfall and land invasions in Brazil, and concludes that rainfall affects
agricultural income, which in turn affects land invasions. Several other investigations into the
relationship in Latin America are conducted, but they focus on ancient effects and civilizations,
such as the collapse of the Mayas (Haug et al., 2003) and the ending of the Tiwanaku State (Ortloff,
1992).

Projections show that mean temperatures in Latin America are set to increase by up to 4.5°C
compared to pre-industrial times, by the end of this century. The region has been getting warmer
over the years, especially in the last century. 2020 was one of the three warmest years on record,
according to a report by the World Meteorological Organization (2023). Moreover, focusing on
the recent years, it is expected that there will be a minimum of 0.2 °C average increase per

decade.

Figure 1 — Annual mean temperature anomalies 1900-2022 in Mexico, Central America,

Caribbean and South America. World Meteorological Organization (2023)
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The impact of this temperature increase includes changes in precipitation regimes, more
volatile heat extremes and higher chances of droughts. Sea levels are expected to rise by 0.2 to
1.1mm and tropical cyclones will become much more frequent and intense (Reyer et al., 2017;
Verner, 2011). As climate change impacts weather events, day-to-day live is affected as a result.
Agricultural yields, fisheries and livestock are set to reduce, which changes the everyday lives of
the people. Studies conducted in Mexico (Johansson et al., 2009), Puerto Rico (Hurtado-Diaz et
al., 2007) and Brazil (Horta et al., 2014) show that changes in precipitation and temperature cause
for increases incidence of dengue fever, hugely impacting health and living conditions. Baethgen
(1997) dives deeper into the conditions of agricultural production. It shows that there has been a
large reduction in the number of small farmers and a large amount of migration to the
metropolitan areas and that larger farms are also considered to become more unstable and
experience increased vulnerability.

Agriculture plays an important role in the economy of most Latin American countries. In the
past two decades, contribution of the agricultural sector to the region’s economy has almost
doubled (“OECD-FAO Agricultural Outlook 2019-2028,” 2019). In Brazil, 25 percent of the
country’s exports come from agriculture. In Costa Rica, this is over 27 percent, and in Argentina
it is as high as 36 percent. Worldwide, Brazil is the top exporter for agro-food products, with an
export at 80 billion in 2019. Moreover, it is estimated that almost fourteen percent of the regions
workforce is in the agriculture sector, creating dependence on the agricultural income.

Due to lack of detailed data, and the scope of including agriculture as a mechanism, this paper
will not be conducting an analysis to find whether agriculture can explain the relationship
between temperature and conflict. It is merely used an explanation of how temperatures link to
armed conflict events and how Latin America could be impacted by climate variability.

Beside the immense effects of climate change on Latin America, conflict is a main factor of
concern in the region. Conflict has various negative results on health and living conditions
throughout the years in most countries in Latin America. Colombia (Franco et al., 2006; Tamayo-
Agudelo & Bell., 2018) and Brazil (Ferreira, 2020; Da Rocha et al., 2017) experienced high levels

of armed conflict, which resulted in problems in the health sector, its institutions, funds and
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personnel and a decrease in the overall quality of life. Just in Colombia alone, armed conflict has
led to the death of approximately 220.000 people in the last 50 years, and over 27.000 people
kidnapped (Tamayo-Agudelo & Bell., 2018). From the displaced adults, almost 15.9 percent was
found to have a lifetime prevalence of diagnosable psychiatric disorders. Security dominates the
concerns in Latin America, causing insecurity and distrust of the government all around the region

(Carlin et al., 2014).

Based on the gap in current literature, the focus of this thesis will be on Latin America. | will
specifically examine the impact of monthly temperatures to the number of civil conflict onsets in
a subnational unit. Focussing on monthly data allows for more variation in the temperature
variable (Ranson, 2014), yet it is not always employed and therefore distinguishes this thesis from
other studies. | restrict my analysis to the years 2000 till 2022, spanning over 23 years of data, as
literature suggests climatic conditions have been varying more in the last two decades (World
Meteorological Organization, 2023), and because studies covering the relationship between
climate and conflict often uses older data, meaning that there is a gap in literature that should be

covered.




Babs Vincken Master Thesis, Economics

3 Empirical Strategy

The purpose of this thesis is to examine the effects of temperature on the number of armed
conflicts that are started within a month in Latin America. This section outlines empirical
framework to determine the relationship. | also include quadratic terms and later employ
temperature bins to capture non-linearity.

| first test the effect of annual temperatures on conflict, to establish a base effect, yet there is
a concern in the literature considering this approach (see e.g., Hsiang, 2010; Ranson, 2014). For
this reason, | will test the effect of temperatures on conflict on a monthly base. This will allow for
more variation in temperature and is therefore expected to provide a better estimation of the
relationship.

Moreover, several studies (e.g., Hsiang et al., 2013) suggest that the relation between
temperature and conflict is non-linear, where there is little to no effect on conflict in low to
moderate temperature regions, and high effects on conflict in high temperature regions. Two
techniques are used to discover the presence of nonlinearity in the model. First, average
temperature is squared and introduced in both the annual and monthly approach. The second

technique introduced is the binned temperature approach.

3.1 Monthly Approach

The empirical strategy aims to find a causal relationship between temperatures and civil

conflict. For the monthly approach, the estimation takes the form of:

Ci,m,t =a; + alTi,m,t + aZRi,m,t T Vm T Eime (1)

Where C;,,, ; denotes the number of conflicts in month m in year t and subnational unit i. T} ,,
captures the average monthly temperatures and R; ,,, ; captures current precipitation.

To control for unobservable variables that are potentially correlated with temperature, the
equation includes unit fixed effects (a;) and month fixed effects (y,,). Unit fixed effects aim to

control for unobserved time-invariant effects that are unique to subnational unit i, such as
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geographical location. Month fixed effects are aimed to remove the unobserved factors that are
that are common for all regions in a given month. Furthermore, Eq. (1) is weighted for population
count in the year 2000 to account for differences in precision caused by subnational unit size.

Controlling for other factors, such as national income or infant mortality rate can introduce bias
in the causal relationship between temperature and conflict, as these bad controls may
themselves be affected by climate variation (Burke et al., 2015; Hsiang et al., 2013). Therefore, as
suggested in the literature, other control variables are left out of the estimation.

Finally, all standard errors are clustered at the unit level, to account for potential serial
correlation. Quadratic terms are added for both temperature and precipitation in an attempt to
capture non-linearity. Moreover, a 1-month lagged variable of temperature and precipitation is
included into the specification later, to check the persistency of the temperature impact (see e.g.,

Jacob et al., 2007; Ranson, 2014).

3.2 Temperature Binned Approach

In the second analysis | use the daily averages of temperature as suggested by various authors
(see e.g., Zhang et al., 2018; Chen & Yang, 2017; Deryugina & Hsiang, 2014; Deschénes &
Greenstone, 2011). To estimate the effect of daily temperature | employ the by now widely used
method of the temperature binned approach. It places the monthly distribution of the daily
observed temperatures into a set of temperature bins. This method allows for a more flexible
estimation of the nonlinear effects of temperature across daily values. In the end, the empirical

estimation takes the following form:

Ci,m,t =a; + Zn ﬁ{lTiTlm,t + alRi,m,t T Vm + Eimt (2)

Where C;,, ; denotes the number of conflicts month m in year t and subnational unit i.
2 BT, ¢ captures the binned temperatures, modeled using a standard non-parametric binned
approach (Zhang et al., 2018; Chen & Yang, 2017; Deryugina & Hsiang, 2014; Deschénes &

Greenstone, 2011). In this case, | divide the monthly distributed daily temperatures, measured in
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degrees Celsius, per subnational unit into n = 1...8 bins. T/}, ; is the number of days in month m
in year t, in subnational unit i, with the specific daily temperature observation that falls in bin n.
This means at the lower end Tl-,lm,t is the number of days in month m in year t, in subnational unit
i, with a daily temperature observation that falls below 13.5°C. At the highest end Ti?mlt is the
number of days in month m in year t, in subnational unit i, with a daily temperutre observation
that falls above 28.5 °C. Each bin is 2.5°C wide. To avoid the problem of multicollinearity, the
omitted temperature bin will be [23.5 °C, 26°C]. This bin was chosen because it has the highest
number of average days in a month (Figure 4), meaning that it is the most common in the region.
The coefficient of interest 8™ is therefore interpreted as the marginal effect on civil conflict of an
extra day relative to a day in the [23.5°C, 26°C] bin.

R; .+ captures current precipitation. To control for unobservable variables that are potentially
correlated with temperature, the equation includes subnational unit fixed effects (a;), month
fixed effects (y,,) and is clustered at subnational unit-level, defined in the same way as in Eq. (1).
Furthermore, Eqg. (2) is weighted the same way as Eq. (1) and a 1-month lag variable is included

into the specifications later on.

11
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4 Data

My dataset combines a subnational panel of georeferenced conflict over 2000-2022 with
satellite-based estimates for temperature and precipitation, aggregated to the subnational unit-
month level.

This section provides the data sources of all variables, cleaning procedures and ends with

summary statistics.

4.1 Civil Conflict

To test for the relationship between temperature and civil conflict, | use the Uppsala Conflict
Data Program’s (UCDP) Georeferenced Event Dataset (Davies et al., 2022; Sundberg & Melander,
2013). The dataset covers conflicts from 1989 till 2022 on a global scale. All events in the dataset
provide a start date, end date and exact location in coordinates. Within the dataset, there are
three types of conflict. The state-based conflict, non-state conflict and one-sided violence. State-
based conflict is defined by the UCDP as “the use of armed force between two parties, of which at
least one is the government of a state, that results in at least 25 battle-related deaths in a calendar
year.” A non-state-based conflict is defined by the UCDP as “the use of armed force between two
organised armed groups, neither of which is the government of a state, which results in at least
25-btalle related deaths in a year.” Finally, one-sided violence is defined by the UCDP as “One-
sided violence is the use of armed force by the government of a state or by a formally organized
group against civilians which results in at least 25 deaths.”

| obtain the data from the UCDP Georeferenced Event Dataset covering the years 2000 through
2022. By means of spatial overlay, the armed conflict events are assigned to the subnational units
by their start date to measure civil conflict onset, on a monthly and annual basis.

Subnational units are provided by the Global Data Lab (GDL). The regional coding is almost
always based on the official administrative subdivisions used in the given countries.

Due to lack of conflict data in various countries, some subnational units were excluded. In total,

194 subnational units are included in the dataset, spread over 14 countries (See Table Al). The
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dependent variable C takes on the sum of armed conflict events started in a specific month or
year in a subnational unit. This measure is widely used in literature (see e.g., Baysan et al., 2019;
Crost et al., 2018). In total, there are 26,000 separate conflict events recorded in the final dataset
(for visual representation see Figure A2).

To examine the level of heterogeneity, the conflict variable is divided into the three categories
and compared over the different subnational units. The three categories are 1) state-based
conflict 2) non-state conflict 3) one-side violence.

As a robustness check, to see whether the result holds, Conflict takes on the value of 1 when
an armed conflict event started in that month and 0 otherwise. This is also used commonly used

in literature (see e.g., Miguel, 2004).

4.2 Climate Variables

Data on temperature originates from the European ReAnalysis, ERAS. This data is the result of
an atmospheric reanalysis which combines ground-based readings with satellite-based
measurements. Including other data sources that provide solid climate modelling, they create a
global gridded estimate. With global, hourly coverage, starting from 1940, ERAS5, | retrieve ERAS
for the surface temperature, as a dependent variable, but also for precipitation at 0.25° x 0.25°
spatial resolution, translated into 25 x 25 km at the equator. In my analysis, | first use the annual
mean temperature over 23 years. Regarding the monthly analysis, | use the monthly average
temperatures provided by the ERAS. Finally, for the binned temperatures, | follow the approach
of Zhang et al. (2018) to construct the temperature variable, as shown before. As control variable,
the monthly sum values of precipitation are calculated, also by ERA5. These are constructed using
the monthly estimates and the averaging daily values.

| do not control for any other variables besides precipitation, because of an issue of bad controls
and due to the difficulty of obtaining data at the level of sub-national units. This is suggested and

established by previous literature (see e.g., Hsiang et al., 2013).
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4.3 Summary Statistics

Table 1 reports the summary statistics for my dataset. | have a balanced panel of 193
subnational units over 23 years, with a total of 53,544 observations.

Panel A of Table 1 provides the summary statistics of the dependent variables used in the
multiple regression analyses. The average conflict events per month is 0.431 over all subnational
units. Of these, most are non-state-based conflict events (0.272), and some are one-sided events.

Part 2 of Table 1 provides the summary statistics for the subnational-unit weather conditions.

Average temperature over all subnational units is 23.06°C.

Table 1 - Summary Statistics

Obs Unit Mean Std. Dev. Min Max
A. Conflict Data
Conflict 53544 - 431 2.623 0 115
Conflict (0-1) 53544 - .106 .308 0 1
State-based conflict 53544 - .08 .582 0 20
Non-state-based conflict 53544 - 272 2.374 0 115
One-sided conflict 53544 - .079 .685 0 42
B. Weather Data
Annual temperature 53544 °C 23.06 3.847 7.641 29.264
Temperature 53544 °C 23.06 4.254 -.995 32.031
Annual precipitation 53544 mm 155.475 8.287 141.117 177.024
Precipitation 53544 mm 155.475 148.009 0 1412.175

Notes: The table shows summary statistics of conflict data and weather data. Conflict data is from the UCDP Georeferenced Event
Dataset. Weather data are from European Reanalysis ERA5. Conflict is calculated as the sum of conflicts started in a specific month.
Temperature is calculated as the annual or monthly mean value. Precipitation is calculated as the annual or monthly sum.

14
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For visual representation, Figure 2 displays the spatial distributions of the monthly
temperatures averaged over the years 2000-2022 and civil conflict onsets summed up over the
years 2000-2022 over all subnational units. The figure does not indicate a strong relationship
between temperature and civil conflict. The geographical distribution of precipitation is displayed
in Figure A2.

Figure 3 displays the distribution of monthly average temperatures over all units over all years.
As can be seen, temperature is very skewed to the right. Figure 4 displays the distribution of the
binned temperatures. The hight of the bars corresponds to the average number of days in a
month each year with a daily average temperature that falls into one of the eight chosen bins, all

2.5°C wide.

A. Temperature B. Civil Conflict

Temperature, C

B < Number of conflicts
s . o
| 15-17 &
17-19 SR .-
19-21 &5’ 558 i
21-23 ¢ ¢ i - O N il
3 iy 28-65
Bl -2
s ! ~ les-116 ) ¢
B - B 117-220 5%
B 221 -3 #
I 377 - 2504 (J

Notes: The figure shows geographical distribution of the monthly temperatures (Panel A) averaged across the years in the study period,
and number of conflict onsets (Panel B) summed up over the years in the study period for all subnational units. Colors closer to red
depict higher levels of conflict and temperature. The figure does not suggest a strong correlation between temperature and conflict
onset.

Figure 2 — Spatial distributions of conflicts and temperatures over the years 2000-2022
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Notes: The figure shows the frequency of monthly temperatures for the years 2000-2022 for all subnational units. The height of the
bars corresponds to the frequency of the temperature in the dataset. The width of the bars corresponds to the bin the temperatures
are in, with a width of 0.7°C per bar.

Figure 3 — Frequency histogram of monthly temperature
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Notes: The figure shows the monthly daily temperatures distributions for the years 2000-2022 for all subnational units. The height of

the bar corresponds to the average number of days in a month with a daily average temperature that falls into one of eight 2.5°C-wide
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Figure 4 - Average number of days in a month in each temperature bin
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5 Results

5.1 Main Results

In this section | present my results from the regression analysis of the influence of temperature
on the number of civil conflict events.

In Table 2, | first evaluate annual temperatures. The results reported in column (1) show that
annual average temperature is not significantly related to civil conflict in Latin America. In column
(2), the quadratic terms for both temperature and precipitation are added to check whether the
relation on an annual level can be detected when accounting for the presence of nonlinearity.
While the coefficient of temperature changes drastically, it is still not found to be statistically
significant. Literature suggests that variations of temperature are much less present on annual

level due to the averaging of monthly temperatures over a year (see e.g., Ranson, 2014).

Table 2 — Estimated effects of annual temperature on conflict

(1) )
Conflict Conflict
Temperature -1.259 7.755
(4.323) (11.21)
Temperature, sq -0.209
(0.202)
Precipitation 0.0104*** 0.00758
(0.00386) (0.00566)
Precipitation, sq 3.47e-07
(4.76e-07)
Constant 17.86 -72.82
(96.15) (156.6)
Observations 4,462 4,462
R-squared 0.236 0.236

Notes: The table shows the coefficient estimates obtained. It documents the regression results of annual temperatures on civil conflict
onset. The estimation results are presented separately with and without quadratic terms of temperature and precipitation. The
estimated effect can be interpreted as the effect of a 1°C increase in temperature in a specific year on the number of civil conflict
onsets in the same year. Standard errors in parentheses are clustered at the subnational unit level. *** p<0.01, ** p<0.05, * p<0.1
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Table 3 shows the impact of monthly average temperatures on civil conflict. Column (1) shows
temperature and precipitation in relation to conflict. In this model, a linear relation is assumed.
While precipitation seems to be significant at a 10% level, temperature does not. Following the
line of argument of nonlinearity, column (2) adds quadratic terms for both temperature and
precipitation. The results show that when accounting for a non-linear relationship, temperature
and its quadratic term are found to be statistically significant, both at the 5% level, in relation to
conflict. The linear term of temperature demonstrates a positive coefficient of 0.137, suggesting
that if average monthly temperature rises with 1°C, the number of conflict events started in that
same month increases with almost 0.14. Comparing this to the average number of conflict onsets
per month over all years, 0.431 (see Table 1), the estimated effect of temperature is a substantial
proportion. The results show an increase in conflict onsets of almost 32 percent, which is quite
large.

Another observation is the squared term of temperature, exhibiting a negative coefficient of
0.0035, suggesting the non-linear relationship. This finding suggests that there is a certain
temperature threshold that is associated with a decline in conflict event onset. Using agricultural
yield as an explanation, it could be the case that above certain temperatures the harvest has
already failed. This would implicate that temperatures above a certain threshold would not lead
to more conflicts. These results show the expected effect that previous studies (see e.g., Hsiang,
2010) have demonstrated. Between the years 2000 and 2022, if temperature increases, conflict
is affected and increases. Column (3) shows the results where lagged variables are added for 1
month. The inclusion of the lagged variable aims to explore the potentially delayed effects of
temperature changes on conflicts. While the estimated coefficient of the lag is negative, it lacks
statistical significance and does not influence the estimated coefficient of temperature by much,
indicating that the previous month’s temperature does not have a consistent impact on the
conflict events in the subsequent month. This implies that there is a short-term effect of
temperature on conflict onset, that does not hold in the long run. While literatures shows that
the effect established is often lagged because of reaction time, this model suggests that the

reaction of people to a significant change in temperature is much shorter and immediate.
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Table 3 - Estimated effects of monthly temperature on conflict

(1) (2) ©)
VARIABLES Conflict Conflict Conflict
Temperature -0.0124 0.137** 0.132**
(0.0144) (0.0680) (0.0665)
Temperature, sq -0.00351** -0.00335**
(0.00159) (0.00157)
L1: Temperature -0.00399
(0.0124)
Precipitation 0.000383* -0.000366 -0.000451
(0.000213) (0.000299) (0.000373)
Precipitation, sq 1.48e-06*** 1.61e-06***
(5.61e-07) (5.76e-07)
L1: Precipitation 0.000129
(0.000174)
Constant 0.851*** -0.616 -0.524
(0.303) (0.737) (0.763)
Observations 53,544 53,544 53,350
R-squared 0.140 0.141 0.141

Notes: The table shows the coefficient estimates obtained. It documents the regression results of Eq. (1). The estimation results are
presented separately with and without quadratic terms of temperature and precipitation and with and without lagged variables of
temperature and precipitation. The estimated effect can be interpreted as the effect of a 1°Cincrease in temperature in a given month
on the number of civil conflict onsets in the same month. Both month and subnational unit fixed effects are included in the regression
results. Standard errors in parentheses are clustered at the subnational unit level. *** p<0.01, ** p<0.05, * p<0.1

19



Babs Vincken

Master Thesis, Economics

Table 4 — Estimated effects of daily temperatures on conflict

(1) ()
Conflict Conflict
<13.5°C 0.00108 0.00300
(0.0104) (0.00687)
13.5-16°C 0.00370 0.00111
(0.00847) (0.00565)
16 - 18.5°C 0.00935 0.00765
(0.00817) (0.00527)
18.5-21°C 0.0156* 0.00838*
(0.00891) (0.00492)
21-235°C 0.0143 0.0120
(0.0127) (0.00880)
26 —28.5°C 0.00345 0.00268
(0.00634) (0.00494)
>28.5°C 0.00824 0.0127
(0.00646) (0.00854)
L1: <13.5°C -0.000389
(0.00796)
L1:13.5-16°C 0.00663
(0.00768)
L1:16 - 18.5°C 0.00276
(0.00716)
L1:185-21°C 0.0116
(0.00726)
L1:21-235°C 0.00612
(0.00860)
L1: 26 —28.5°C 0.00332
(0.00424)
L1: >28.5°C -0.00550
(0.00798)
Precipitation -0.000100 -0.000180
(0.000385)  (0.000468)
Precipitation, sq 1.30e-06**  1.38e-06**
(5.76e-07) (6.22e-07)
L1: Precipitation 0.000266
(0.000193)
Constant 0.391* 0.295
(0.225) (0.299)
Observations 53,544 53,350
R-squared 0.141 0.142

Notes: The table shows the coefficient estimates obtained using the binned temperature approach. It documents the regression results
of Eq. (2). The estimation results are presented separately with and without lagged variables of the temperature bins and precipitation.
The temperature bin [23.5 — 26°C] is set as omitted to avoid multicollinearity. The effects can be interpreted as that of an extra day in
the nth temperature bin relative to a day in the omitted bin. Both month and subnational unit fixed effects are included in the
regression results. Standard errors in parentheses are clustered at the subnational unit level. *** p<0.01, ** p<0.05, * p<0.1
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Table 4 estimates the effect of daily temperatures on civil conflict onset, to dive deeper into
the presence on nonlinearity. The coefficients are almost all positive, yet insignificant. The only
temperature bin that is found significant at 10% is [18.5 — 21°C] This means that relative to a day
in the optimal temperature interval [23.5 — 26°C] an additional day with a temperature between
[18.5 — 21°C] leads to an increase of 0.0156 in conflict events. It could suggest that because the
reference temperature interval [23.5 — 26°C] is the most common in the region, every deviation
from this temperature is unexpected and less preferred. The significant result of one temperature
bin therefore tells us that a slight change in daily temperature in a month does significantly affect
the conflict events, again on the short term. Column (2) includes lagged variables, to test whether
in this case it determines a more lagged effect of temperature on conflict onset, yet this is still

not the case. The bin [18.5 — 21°C] remains the only significant result.

5.2 Heterogeneity

In this section, | explore the level of heterogeneity in temperature effects by going into more
depth, looking at types of conflict. Table 5 shows the result of this examination. While
temperature and precipitation exhibit to be positively and statistically significantly related to non-
state-based conflict, this relationship does not hold for state-based or one-sided conflicts.
Comparing the estimated effect, 0.056, to the average number of non-state-based conflicts in a
month, 0.272, the estimated effect of temperature is also a substantial proportion the average
number of non-state-based conflicts per month. An increase of almost 21 percent.

The results suggest that the increases in temperatures are mainly associated with non-state-
based conflicts, which is in line with existing studies (see e.g., Hagmann & Mulugeta, 2008; Fjelde
& Von Uexkiill, 2012). People are more vulnerable to sudden changes in income or agricultural
yield, leading to more clashes between civilians without state involvement. This can be explained
various ways, through agricultural yield, changes in income or political instability. There is much
less state control and more political instability, which causes less faith in the solutions
governments might bring. Gangs and civilians are therefore more vulnerable in times when there

are sudden changes, which makes them more prone to resort to violence or conflicts. In contrast,
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the non-significant relationship of state-based and one-sided conflicts with temperatures
suggests that these conflicts might be less influenced by temperature fluctuations within this
estimation, as states are less prone to suddenly react on a short-term temperature change.
Studies that do find this relationship (see e.g., Burke et al., 2009) have been questioned
(Gleditsch, 2012).

Another change in results is the significant impact precipitation seems to have on non-state-
based conflict onset. The coefficient is negative, which shows that if there is one milliliter more
precipitation in a month, non-state-based conflict onset decreases with 0.000474. This coefficient
seems extremely small, but a change of one milliliter is not expected to have such an impact on
conflicts. A better check would be to say that if there is a meter (1000mm) more rainfall in a
month, which is a proportional change, that there is a 0.47 decrease in non-state-based conflict
onset in that same month. An example of how this relationship would work is if there is more
rainfall in a month, leading to less droughts, harvest will be better. This is opposite to an increase
in temperature and would suggest that civilians are less likely to turn to violence, because they
have no reason to.

Table 6 estimates the effect of daily temperatures on the three different types of conflict. It
shows similar results as the estimation of Table 5. There are a few changes that are interesting to
look at. Column (2) provides the estimation with non-state-based conflict and shows various
significant results. Relative to a day in the reference temperature interval, an extra day with a
temperature [<13.5°C] will decrease conflict with 0.00879, in the same month. In the estimation
before, an increase in temperature led to an increase in conflict onset. A strong and large sudden
decrease in temperature is therefore expected to decrease conflict onset, because, for example,
it will cause less droughts. The interesting results from this daily temperature measure is the lags
that are suddenly quite significant. It could be that in the main regression, the state-based and
one-sided conflicts limited the effect of the lags, or that the nonlinear approach of the binned
temperatures is more detailed and provides a different in-depth analysis to the different types of
conflict. In column (2), the lagged bins of [18.5 - 21°C] [21 - 23.5°C] [26 — 28. °C 5] and [>28.5°C]
are all positive and significant. This means that an extra day of either one of these bins compared

to the reference interval [23.5 — 26°C] in a given month leads to more non-state-based conflict in
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the following month, establishing a lagged effect of temperature on non-state-based conflict.
Another important observation is that precipitation is also found to be statistically significant at
the 5% level with non-state-based conflict. As in Table 5, Table 6 also shows no significant relation

of temperature with state-based and one-sided conflict.

Table 4 - Estimated effects of monthly temperatures on different types of conflict

(1) ) ©)
State-based Non-state-based One-sided
Temperature 0.00315 0.0565* 0.0237
(0.00609) (0.0339) (0.0155)
Temperature, sq -0.000124 -0.00108 -0.000668
(0.000162) (0.000874) (0.000434)
L1: Temperature -0.00399 0.000392 -0.00597
(0.00311) (0.0167) (0.00459)
Precipitation -5.81e-05 -0.000602** -0.000208
(0.000115) (0.000275) (0.000211)
Precipitation, sq 4.69e-07*** 5.30e-07 7.08e-07
(1.74e-07) (3.42e-07) (4.31e-07)
L1: Precipitation -6.74e-05 0.000185* 3.12e-05
(5.09e-05) (0.000105) (6.54e-05)
Constant 0.150*** -0.203 0.0369
(0.0543) (0.440) (0.0724)
Observations 53,350 53,350 53,350
R-squared 0.226 0.138 0.131

Notes: The table shows the coefficient estimates obtained. It documents the regression results of monthly temperatures on three
different types of civil conflict onset. The estimation results are presented with quadratic terms of temperature and precipitation and
with lagged variables of temperature and precipitation. The estimated effect can be interpreted as the effect of a 1°C increase in
temperature in a given month on the number of state-based conflict onsets (column 1), non-state-based conflict onsets (column 2) or
one-sided violent events (column 3) in the same month. Both month and subnational unit fixed effects are included in the regression
results. Standard errors in parentheses are clustered at the subnational unit level. *** p<0.01, ** p<0.05, * p<0.1
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1) (2) 3
State-based Non-state-based One-sided
<13.5°C 0.00221 -0.00879* 0.00260
(0.00178) (0.00506) (0.00261)
13.5-16°C 0.00134 0.0140 0.00134
(0.00144) (0.0130) (0.00236)
16 — 18.5°C 0.00186 -0.000473 0.00242
(0.00132) (0.00330) (0.00213)
18.5-21°C 0.000912 -0.00155 0.00247
(0.000943) (0.00321) (0.00191)
21 -235°C 0.00199 0.00156 0.00341
(0.00278) (0.00282) (0.00429)
26 —28.5°C 0.00128 0.00293 0.00182
(0.00151) (0.00465) (0.00256)
>28.5°C 0.00102 0.00753 0.00119
(0.00148) (0.00729) (0.00235)
L1: <13.5°C 0.00259 -0.00308 0.00342
(0.00240) (0.0102) (0.00353)
L1:13.5-16°C 0.00217 -0.00849 0.00415
(0.00244) (0.00648) (0.00333)
L1:16 -18.5°C 0.00318 0.00176 0.00380
(0.00233) (0.00369) (0.00309)
L1:18.5-21°C 0.00296 0.00418* 0.00534
(0.00253) (0.00228) (0.00404)
L1:21-235°C 0.00247 0.00427* 0.00384
(0.00319) (0.00235) (0.00464)
L1:26 —28.5°C 0.00130 -0.00137 0.00152
(0.00133) (0.00199) (0.00211)
L1: >28.5°C 0.000815 0.00539* 0.00176
(0.000942) (0.00314) (0.00175)
Precipitation -2.10e-05 -0.000535** -0.000138
(0.000141) (0.000268) (0.000232)
Precipitation, sq 4.39e-07** 4.94e-07 6.48e-07
(1.77e-07) (3.29¢-07) (4.37e-07)
L1: Precipitation -2.53e-05 0.000213* 9.94e-05
(2.91e-05) (0.000111) (9.50e-05)
Constant -0.0273 0.442%** -0.0595
(0.101) (0.0910) (0.157)
Observations 53,350 53,350 53,350
R-squared 0.227 0.139 0.132

Notes: The table shows the coefficient estimates obtained using the binned temperature approach. It documents the regression results
of daily temperatures on three different types of civil conflict onset. The estimation results are presented with lagged variables of the
temperature bins and precipitation. The temperature bin [23.5 — 26°C] is set as omitted to avoid multicollinearity. The effects can be
interpreted as that of an extra day in the mth temperature bin relative to a day in the omitted bin. Both month and subnational unit
fixed effects are included in the regression results. Standard errors in parentheses are clustered at the subnational unit level.
*** p<0.01, ** p<0.05, * p<0.1
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5.3 Robustness Check

In this section | estimate the effect of temperature and precipitation on a binary conflict
variable. Various studies have used this as their main regression model, and it is interesting to see
whether the results found hold when using this as the dependent variable. Because conflict is
measured as a binary variable, | employ a logistic regression, to estimate the probability of a
conflict in a specific month based on temperature changes. The results can be found in Table 7.

The first observation is the significant effect of all variables, from temperature to precipitation
and their quadratic terms. In column (1), temperature shows to have a significant negative odds
ratio of 0.0436, yet when adding quadratic terms, this relation becomes significantly positive. The
results show the impact of adding the nonlinear estimation, and how it changes the results.
Column (2) shows the same outcome as the main regression did, considering temperature. An
increase of 1°C means that the probability of the conflict variable to shift from 0, no conflict, to
1, conflict, is 0.225. This robustness check supports the results of the main estimation, looking at
temperature. Both column (1) and column (2) show significant impacts of precipitation on

conflict, yet it establishes a positive relationship.

Table 5 - Estimated effect of monthly temperatures on binary conflict

(1) ()
VARIABLES Conflict Conflict
Temperature -0.0436*** 0.225%**
(0.00295) (0.0262)
Temperature, sq -0.00659***
(0.000644)
Precipitation 0.00149%*** 0.000515***
(8.30e-05) (0.000189)
Precipitation, sq 1.01e-06***
(2.19e-07)
Constant -1.392*** -3.866***
(0.0696) (0.258)
Observations 53,544 53,544

Notes: The table shows the probability estimates obtained. It documents the regression results of monthly temperatures on civil
conflict measured as a binary variable. The estimation results are presented separately with and without quadratic terms of
temperature and precipitation and with and without lagged variables of temperature and precipitation. The estimated effect can be
interpreted as the effect of a 1°C increase in temperature in a given month. Robust standard errors are assumed.
*** p<0.01, ** p<0.05, * p<0.1
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6 Discussion and Conclusion

In this thesis | examined the effects of temperature on civil conflict in Latin America to fill the
gap in literature and support policymakers.

Looking at 193 subnational units divided over 14 Latin American countries, over 23 years, | find
that temperature has a nonlinear relationship with civil conflict. Using temperature as a quadratic
term, | find that increases in temperature in a specific month increases the number of civil
conflicts in that same month with almost 32 percent compared to the average number of conflict
onsets. Including a lag in the model led to no change in the results, nor did it prove any lagged
effect of temperature on conflict, when observing monthly temperatures. Most research on the
topic has focussed on the annual level, which might explain these different results, as monthly
lags span a much smaller time period. While it was expected, precipitation does not affect civil
conflict. A factor that could have impacted these results is the choice to leave out other control
variables to prevent wrong estimations. Multiple studies include other control variables, besides
precipitation (see e.g., Salehyan & Hendrix, 2014), that affect the influence of temperature and
precipitation on conflict and are therefore likely establish different results.

Employing the highly suggested binned temperature approach to measure the effect of daily
temperatures on civil conflict did not merit the same strong results, looking at the impact of
temperature. The binned temperature approach is not often used in literature concerning civil
conflict, but mostly in climate change research. Several studies (se e.g., Hsiang, 2010; Chen &
Yang, 2019) found promising results using this approach and were able to test in more depth the
nonlinear relationship, which is the reason of including it in this model. In these papers, the
division of temperature is more equal and less skewed, making the bins more even and logically

placed, causing a more solid estimation than this model was able to provide.

Detangling the types of conflict using heterogeneity analysis provides a more in-depth look into
these main results and a stronger effect. This analysis shows that the non-linear relationship
measured between temperature and civil conflict is mainly caused by the non-state-based armed
conflict events, for both the monthly measured temperatures and the daily measured

temperatures. Moreover, precipitation also significantly impacts non-state-based conflicts. These
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results are backed up by literature and give an explanation to the smaller impacts found in the
main results. Looking at the impact of lags, the monthly temperatures still had no impact on the
types of conflict, while looking at the daily temperatures, there are a lot more significant results.

All these results imply that in the context of Latin America, civil conflict is affected on a large
scale by temperature changes, and non-state-based conflict is influenced by both temperature

and precipitation.

My findings have several implications for the strategy of research going forward. There were
some clear significant impacts of temperature on civil conflict, suggesting that the relationship is
worth more investigation in Latin America. Firstly, conflict has been and still is a large problem for
this region, and if more research is done on this topic and this relationship, there are huge
implications for policy makers and the approach to climate change. High temperatures affect civil
conflict in the region, which means that strategies aiming to fight civil conflict in the region might
have to shift more to fighting climate change, to prevent conflict events from increasing.

Second, the literature has focused on Africa and Asia, yet these results provide evidence that
both temperature and precipitation have effect on conflict in Latin America, which is why future
research should dive more into this region to see how far this relationship goes. Including
mechanisms, such as agricultural yield or income losses, were not in the scope of this research
due to data availability, but could help provide better answers and provide more detail for policy

makers and climate change adaption strategies on how to tackle the problems arising.
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8 Appendix

Table Al - Tabulation of Country

Country Freq. Percent Cum.
Bolivia 2484 4.04 4.64
Brazil 7452 13.92 18.56
Colombia 9108 17.01 35.57
Ecuador 828 1.55 37.11
El Salvador 1104 2.06 39.18
Guatemala 2208 4.12 43.30
Guyana 2760 5.15 48.45
Haiti 2484 4.64 53.09
Honduras 4968 9.28 62.37
Jamaica 1656 3.09 65.46
México 8832 16.49 81.96
Paraguay 1380 2.58 84.54
Peru 1656 3.09 87.63
Venezuela 6624 12.37 100.00
Total 53544 100.00

Notes: The table gives an overview of the countries and their frequency in the final dataset.
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Figure A1 — Spatial distribution of conflict events over the years 2000-2022

Notes: The figure shows geographical distribution of all conflict events over the years in the study period, placed by coordinates
provided by the UCDP Georeferenced Event Dataset. Each red dot indicates a separate conflict event.

Figure A2 — Spatial distribution of precipitation over the years 2000-2022

Precipitation, mm
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Notes: The figure shows geographical distribution of the monthly precipitation averaged across the years in the study period, over all
subnational units. Colors closer to blue indicate higher levels of precipitation.
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