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In recent years, there has been increasing research on the impact of climate change

related processes on the occurrence of conflicts in different parts of the world. Analysis

of conflicts over extended time periods indicate the possible role of climate change

and climate variability on the occurrence of conflicts, particularly in the tropics. With

the recent release of the UCDP georeferenced dataset on specific locations of conflicts

between 1989 and 2014, we can now examine the temporal patterns of conflicts at a

finer spatial resolution. In this study, the role of El Niño Southern Oscillation (ENSO) on the

spatio-temporal patterns of conflicts has been analyzed by using a variety of geospatial

analysis techniques. The results of the analysis reveal that there were a greater number

of conflicts during El Niño years at both the global and continental scale (except North

America). In addition, the spatial patterns of conflicts showed greater concentration of

intensifying and consecutive hot spots in South and Southeast Asia, the Middle East,

and Central and Eastern Africa during El Niño years vs. La Niña years. Specifically,

intensifying hot spots of conflicts overlapped with the relatively arid and semi-arid areas

of the Global South.

Keywords: conflicts, Global South, climate change, El Niño, LaNiña, ENSO (El Nino SouthernOscillation), emerging

hot spot analysis

INTRODUCTION

The latest report of the Intergovernmental Panel on Climate Change (IPCC) highlights the potential
role of climate change on the increasing rivalry between and within countries over shared resources.
This can lead to an increase in the possibility of conflicts in already vulnerable areas often
characterized by poor adaptation and mitigations strategies coupled with preexisting dysfunction
in the broader political and social arena (IPCC, 2014). One of the main reasons attributed to the
increase in conflicts due to climate change is droughts, which lead to a shortage of staple food crops,
thereby resulting in the decline in primary sources of income along with widespread hunger. This
further results in the propensity of rural to urban migration and ultimately civil unrest and in some
cases violent conflicts (Burke et al., 2009; Zhang et al., 2011).

The indirect role of climate change, in the form of prolonged droughts on the Darfur conflict is
widely considered to be the first human conflict triggered by climate change (Byers andDragojlovic,
2004; Mazo, 2009; Akasha, 2012). However, several more recent detailed analyses have indicated
that climate change may not be the sole reason for the Darfur conflict, but rather a complex
set of factors including past legacy of violence, manipulation of ethnic divisions by elites, and a
malfunctioning political system (Kevane and Gray, 2008; Sunga, 2011; Verhoeven, 2011). There is
widespread evidence of the role of climate change-induced shortage in freshwater and arable land
resulting in food insecurity. This food insecurity has led to armed and violent conflicts in several
parts of the African continent (Burke et al., 2009; Benjaminsen et al., 2012; O’Loughlin et al., 2012,
2014; Carter and Veale, 2014).
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For instance, several studies have cited a historically severe
drought in Syria which resulted in the breakdown of agriculture
in the rural areas creating widespread food shortages. This
drought drove widespread rural-urban migration, particularly to
the large cities of Syria (Gleick, 2014; Kelley et al., 2015). In
fact, it has been estimated that 1.5 million people moved to the
larger urban areas. This further caused an increase of already
existing widespread unemployment in the urban areas, which
ultimately resulted in the complete breakdown of social and
political systems and the spread of civil unrest across the country.

The main objective of the present study is to examine the role
of widely researched global teleconnection, ENSO on the spatial
patterns of hotspots intensity of conflicts. ENSO occurs in the
tropical Pacific spanning roughly a 2–7-year cycle and has had
worldwide impacts on global weather. During the warm phase
of ENSO, El Niño years, there are widespread droughts resulting
from deficient rainfall in most parts of South and Southeast
Asia, Australia, and Africa, while untimely excessive rainfall and
flooding are reported along the west coasts of North and South
America. During the cold phase of ENSO (La Niña years) normal
to excessive rainfall is reported in Asia, Africa, and Australia.
The aggravating role of ENSO on the historical occurrences of
conflicts has been widely validated (Davis, 2002; Grove, 2007;
Fagan, 2009) as well as in the modern era with conflicts in the
warmer tropics doubling from 1950 to 2004 (Hsiang et al., 2011).
However, there are limited studies examining the spatial patterns
at the regional scale. Therefore, in this study various geostatistical
analysis tools have been utilized to reveal the spatial patterns
of conflicts and its relation to one of the most widely studied
teleconnections, ENSO.

DATA AND METHODS

In this study, conflicts data were accessed from the UCDP
Georeferenced Event Dataset (UCDP GED), consisting of
individual events of organized violence that occurred from 1989
to 2014 (Sundberg and Melander, 2013; Croicu and Sundberg,
2015). The different types of conflicts included state-based
conflict, non-state conflict, and one-sided violence at the level
of individual villages (Figures 1, 2). At the spatial scale, the
location of each conflict was recorded in the form of x and
y coordinates with the best spatial resolution available at the
individual village or town level, country, and region. At the
temporal scale, the finest resolution was at the daily level. The
dataset includes records of only events linkable to a UCDP/PRIO
Armed Conflict, a UCDP Non-State Conflict or a UCDP One-
SidedViolence instance (Croicu and Sundberg, 2015). In addition
to the year and location information, some of the other specific
information available in the dataset include type of violence
(state-based conflict, non-state conflict, one-sided conflict), name
of the conflict, names of the actors engaged in the conflict
(government, civilians), and number of sources available only for
2013 and 2014.

The impact of El Niño Southern Oscillation (ENSO) on
regional climate patterns has been a major theme in climatology
for many decades. It is considered as one of the most important

climate phenomena on earth due to its ability to change the global
atmospheric circulation, which in turn, influences temperature
and precipitation across the globe. It consists of episodic
fluctuations in temperature between the ocean and atmosphere in
the tropical east-central Pacific Ocean (extending approximately
between the International Date Line and 120 degrees west). It
typically consists of three phases, which consists of the two
opposite phases, “El Niño” and “La Niña,” and “Neutral” in the
middle of the continuum between the two phases. Specifically,
the El Niño phase is characterized by a warming or above-
average sea surface temperatures (SST) in the tropical central
and eastern Pacific Ocean surface. As a result, the rainfall over
parts of South and Southeast Asia, and Australia tends to decline,
while increased rainfall totals are observed over the tropical
Pacific Ocean (Sen Roy, 2006). In addition, the low-level surface
easterly winds, tend to weaken with some cases starting to blow
as westerly winds (L’Heureux, 2014). It is also referred to as the
warm phase of ENSO. This phenomenonwas originally identified
by fishermen off the coast of South America in the 1600s, with
the appearance of abnormally warm water in the tropical Pacific
Ocean. The name was chosen based on the time of year (around
December) during which these warm waters events tended to
occur (National Ocean Service, 2020). The opposite of El Niño
is La Niña, which is characterized by a cooling of the tropical
central and eastern Pacific Ocean surface, or below-average SST.
During the cooler phase of ENSO, there is an overall increase
in rainfall across South and Southeast Asia, and Australia. The
normal easterly wind patterns along the equator become more
established. It is also referred to as the cold phase of ENSO.
Finally, the relatively less pronounced and explored mode of
ENSO is the Neutral phase. The conditions during this phase
are less distinct with closer to average SST in the tropical Pacific
Ocean (L’Heureux, 2014).

There is no fixed frequency for the phase change of ENSO.
Nonetheless, on an average El Niño and La Niña events occur
every 2–7 years, with larger number of El Niño events than La
Niña events. In addition, El Niño on average typically last for 9–
12 months, while La Niña events occur for longer periods of 1–3
years (NOAA, 2020). However, there have been periods when El
Niño events have lasted for 2–4 years, such as in 1990 to 1995
(Trenberth and Hoar, 1996). Both phases of ENSO tend to start
developing during March to June, reaching their peak intensity
during December to April, and finally weakening around May
to July. Information about the classification of El Niño and La
Niña Years were accessed from the Golden gateWeather Services
(GGWS, 2016). The occurrence of conflicts was analyzed for all
years together and separately for El Niño vs. La Niña years.

In order to reveal the differences in spatial extent of conflicts
during the different phases of ENSO, Standard Deviational
Ellipses (SDEs) were calculated for each year under the different
phases separately (Figure 3). This is a widely used technique for
measuring the trend in spatial spread and orientation for a set
of locations. The SDE is calculated based on the deviation of X
and Y location coordinates from the calculated mean center of
coordinates. It is determined by taking into consideration the
standard deviation of the x and y coordinates from the mean
center to define the axes of the ellipse (Freedman and Sen Roy,
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FIGURE 1 | Conflicts at the global and continental scale during El Niño and La Niña years during 1989–2014.

FIGURE 2 | Distribution of conflicts from 1989 to 2014 (A) All years; (B) El Niño years; (C) La Niña years.
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FIGURE 3 | Annual Standard Deviational Ellipses (SDE) derived on the geographic location of conflicts each year from 1989 to 2014 (A) El Niño years; (B) La Niña

years.

2012; Tullis-Joyce and Sen Roy, 2021). It is calculated using the
following methodology:
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Where x̃ i and ỹ i are the deviations of xy-coordinates from the
Mean Center.

The standard deviations for the x-axis and y-axis are:
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)

n

2

(3)

σy =
√
2

√

√

√

√

√

n
∑

i=1

(

x̃ i sin θ − ỹ i cos θ
)

n

2

For further information about the mathematical background for
the calculation of SDE readers are referred to Gong (2002) and
ESRI (2021a).

In order to examine the spatial variation in not only the
frequency but also the temporal variation in the concentration
of hot spots over space, Emerging Hot Spots Analysis (EHSA)
was used in this study. This technique calculates space time cubes
through which the different categories of hotspots are identified,
which include consecutive, intensifying, persistent, diminishing,
sporadic, oscillating, and historical hotspots (Figure 4). A space–
time cube is a netCDF file containing points in x and y
coordinates, with a z-coordinate for time. This cube were used
to calculate the hotspot trends among the cubes of data within
the study area, consequently classifying them into cold- or hot-
spot variations (Bunting et al., 2018; Wan and Sen Roy, 2021).
It takes into consideration the neighborhood distance and time
step parameter values to calculate the Getis-OrdGi∗ statistic (Hot
Spots Analysis) for each bin. Each bin is examined within the
setting of neighboring bins to assess how intense clustering is
for both high and low values. The results from this analysis are
in the form of z-score, p-value, and binning category for each
bin in the space-time cube. The time series of these z-scores at
the locations analyzed is then evaluated using the Mann-Kendall
statistic. Thus, the results from this analysis is a clustering trend
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FIGURE 4 | Results of emerging hot spots analysis of the spatial patterns of conflicts during 1989–2014 (A) All years; (B) El Niño years; (C) La Niña years.

z-score, p-value, and binning category for each location. Finally,
the time series of the values at the locations analyzed is assessed
using the Mann-Kendall statistic. The result from this analysis is
useful in understanding where the presence tends to cluster in
the frequency of occurrence over time (Carter et al., 2019; ESRI,

2021b). The definitions of various types of hotspots are briefly
described below:

• A consecutive hot spot is a location with a single uninterrupted
run of statistically significant (90% or higher) hot spot bins for
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all time-step intervals, with an increasing intensity over time
(ESRI, 2021b).

• An intensifying hot spot is a location that has been a
statistically significant (90% or higher) hot spot for 90% of
the time-step intervals, including the final time step, with no
distinct increasing or decreasing intensity (ESRI, 2021b).

• A persistent hot spot is a location that has been a statistically
significant (90% or higher) hot spot for 90% of the time-
step intervals with no discernible trend indicating an increase
or decrease in the intensity of clustering over time, with a
decreasing intensity of clustering over time (ESRI, 2021b).

• A diminishing hotspot is a location that has been a statistically
significant (90% or higher) hot spot for 980% of the time-step
intervals, including the final time step (ESRI, 2021b).

• A sporadic hot spot is a location, which are statistically
significant (90% or higher) hot spots for <90% of the time,
with none of the time steps as significant hot spots (ESRI,
2021b).

• An oscillating hot spot is defined as a location that is a hot
spot for the final time step interval but has been a statistically
significant (90% or higher) cold spot in previous time step
intervals (ESRI, 2021b).

• Finally, a historical hot spot is a location which has been a hot
spot for at least 90% of the time step intervals, even though it
may not be a hot spot in the latest time step interval (ESRI,
2021b).

In order to identify the intensity of the hotspots over time, this
technique utilizes the Getis Ord Gi∗ statistic for each bin in the
space time cube in relation to the values of the surrounding bins.
For further information about EHSA technique, readers may
refer to ESRI (2021b). The analysis was conducted for conflicts
that occurred during the entire time period of 1989 to 2014, along
with a separate analysis for El Niño and La Niña years.

RESULTS AND DISCUSSION

The difference in total number of conflicts at the global and
regional scales is presented in Figure 1. At the continental scale,
except for North America, the number of conflicts was higher
during El Niño years vs. La Niña years. The differences were
largest in Asia (15,474 in El Niño years vs. 12,469 during La
Niña years) and Africa (39,112 in El Niño years vs. 33,252 in
La Niña years). The differences in the number of conflicts were
<250 for both Europe (1,116 in El Niño years vs. 1,055 in La
Niña years) and North America (727 in El Niño years vs. 952 in
La Niña years).

The overall spread of conflicts was concentrated in the tropics,
with sporadic occurrences in the higher latitudes of Europe and
Northern and Southern America, with no presence in Australia
(Figure 2). The regions of high concentration of conflicts also
overlapped with the less developed regions in the tropics, widely
referred to as the Global South. The Global South, consisting
of Africa, Southeast Asia, the Middle East, Mexico, Central and
South America, also overlaps with the less developed and lower
income regions of the world. It consists of regions at different
levels of development along with the highest population density

and lowest per capita levels of income (Sen Roy, 2018a). Some of
these regions in the Global South are also behind in technology,
with massive gaps in basic infrastructure for their rapidly
increasing populations. The economies of most of the countries
in the Global South are less advanced and heavily dependent
on the agricultural sector, with majority of their populations
engaged in agricultural and pastoral activities. Moreover, there
is substantial instability in the economic, political, and social
spheres, which will increase the imminent impacts of climate
change, such as severe weather events (including droughts,
hurricanes, hailstorms, floods, landslide, and heat waves). This
pervasive insecurity will lead to dislocation of populations,
ethnic and local conflicts, starvation, and infectious diseases.
As evident from Figure 2, the majority of the Global South
is concentrated in the low-latitude regions near the tropics
and subtropics, on both sides of the equator. It is noteworthy
that 8 of the 10 most populous countries in the world are
located in the Global South, which is projected to increase to
9 out of 10 countries by 2050 (Population Reference Bureau,
2015). Additionally, the top 10 countries with the highest
fertility rates are all located in the Global South, specifically in
Africa, accompanied with some of the lowest per capita GDP.
Therefore, the effect of El Niño is not only limited to the
agricultural sector, but also felt on the overall annual GDP in
these regions.

However, this region also offers many opportunities in the
form of emerging technologies, natural resources, and innovative
approaches to dealing with the impacts of already occurring and
impending impacts of climate change. For instance, one of the
most menacing effects of global warming is considered to be
sea level rise. As a result of sea level rise some of the smaller
islands in the Caribbean and Pacific risk disappearing entirely.
It is noteworthy that this is already happening in the densely
populated Sundarban region located in the Bay of Bengal, where
there is evidence of disappearance of some of the low-lying
islands. This would affect a major proportion of the population
in the Global South, due to the high density of population
concentrated in the low lying coastal areas in the larger
continents. Sea level rise would also have massive detrimental
impacts on the small island nations, whose economies greatly
depend on tourism. It is estimated that 25% of the population
across the African continent will be impacted by sea level rise
(Juma, 2010). On the other hand, desertification is another
major impact of climate change that will affect major areas of
the Global South, including the Middle East, Southern Africa,
Central and East Asia. There is evidence that the recent conflicts
in Darfur were aggravated by desertification (Juma, 2010). On the
contrary, extensive flooding, in parts of northwestern Pakistan,
Bangladesh, the Philippines and other parts of Asia, has been
triggered by abnormally extreme heavy precipitation events and
hurricanes. This has resulted in cutting off large populations’
access to food and relief for days and weeks. There is also
evidence of significant increasing trends in the occurrence of
extreme temperatures and rainfall, which has widespread impacts
on the vulnerable population such as that observed in India (Sen
Roy and Balling, 2004; Sen Roy, 2009, 2019). Additionally, the
adverse impacts of climate change are exaggerated on vulnerable
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populations including low-income communities, women, and
children. Besides, the access to limited essential resources,
including clean drinking water and livelihood opportunities, is
compromised to a greater extent for the people living in the
Global South.

In this context, it has been highlighted that in view of
the uncertainties related with future climate conditions and
projected changes in the frequency of extreme weather events,
there is medium evidence and high agreement about the
heightened displacement of people (IPCC, 2014). Most of this
displacement will be concentrated in the low income densely-
populated low lying regions of the Global South. People who
have to involuntarily move out of their homes as a result
of stress resulting from climate change and global warming
are collectively called climate refugees. They are a subset of
environmental refugees (Sen Roy, 2018b). Some of the direct
impacts of climate change that lead to this forced movement
of population, include droughts leading to food insecurity, sea
level rise leading to loss of livelihood and homes, and intense
competition for the limited resources. In addition, indirect
impacts also include conflicts because of food insecurity such
as observed in parts of Africa. In this context, one of the
main aspects of climate change is global warming experiences
in the form of rising temperatures. The effect of these steadily
increasing temperatures is noticeable in the swift rate of melting
of ice caps in the high altitude and latitude areas, which results
in sea level rise and ultimate flooding of densely-populated low
lying areas, particularly in the tropics. Therefore, it is critical
to examine the impacts of climate change on conflicts in the
Global South.

The general spatial extent of the total number of conflicts
between El Niño and La Niña years, and all years does
not show significant differences, other than a wider spread
in northern part of South America, Southeastern Africa, and
the adjacent island of Madagascar during El Niño years
(Figures 2A–C). However, more rigorous geostatistical analysis
revealed substantial differences in the spatial patterns. The
annual SDEs mapped for each year separately reveal a wider
spatial spread particularly over the African continent during
El Niño years. Thus, there were not only greater number of
conflicts during El Niño years, but also a greater variation in the
spatial spread of conflicts with a more northeast-south southwest
orientation in certain years (Figures 3A,B). It is noteworthy that
El Niño is not the only cause for conflicts, but rather an additive
factor in vulnerable situations caused by other processes such as
border issues and religions.

In order to understand the trends in the spatial patterns
of conflicts over the study period, the results of EHSA have
been mapped (Figure 4). This technique is particularly
useful for mapping local level trends in the spatial patterns
of phenomena. The results of the spatial patterns analysis
for conflicts for all years cumulatively reveal most of the
hotspots concentrated over Central Africa, Middle East,
South and Southeast Asia (Figure 4A). The intensifying
hotspots are located mostly over South Asia, in the Indian
subcontinent, including Sri Lanka and parts of Myanmar
(Figure 4A). The core region of intensifying hot spots is

surrounded by a concentric region of consecutive hotspots,
which include Central Africa, Middle East, Afghanistan,
Pakistan, Bangladesh, parts of Southern China, and Southeast
Asia. Beyond the region of consecutive hot spots, there are
regions of oscillating hotspots.

However, the spatial patterns are substantially different when
the years are split into El Niño and La Niña years. During the
El Niño years, the spatial extent of consecutive hotspots is much
wider over Central and Northeastern Africa and most of the
Middle East, except the Arabian Desert. In Asia, the region of
consecutive hotspots was concentrated in Afghanistan, Central
India, Bangladesh, and the Indo-China peninsula, including
Myanmar and the Mekong River basin region in Southeast Asia
(Figure 4B). It is noteworthy, that there is widespread evidence
of negative relationship between El Niño and precipitation (Sen
Roy and Sen Roy, 2011). On the contrary, during La Niña
years there are very limited areas of consecutive hotspots mainly
concentrated in parts of Eastern Africa, the horn of Africa near
Ethiopia and Somalia, and the Mekong River basin (Figure 4C).
Most of Central Africa was replaced by oscillating and some
sporadic hotspots, and predominantly sporadic hotspots across
the Indian subcontinent. Thus, it is clearly evident that the
consecutive and intensifying hotspots of conflicts have a much
wider spread during El Niño years.

Furthermore, the areas experiencing consecutive hotspots
during El Niño years, including South (Krishnamurthy and
Goswami, 2000) and Southeast Asia (Xu et al., 2004), and Central
and Eastern Africa (Nicholson and Kim, 1997), are associated
with deficient precipitation and in some cases severe droughts.
There is substantial literature highlighting the occurrence of
below normal rainfall during El Niño years in these regions.
As evidenced in the recent conflicts of Syria and Sudan, the
disruption in basic food supplies can often lead to an imbalance
in already fragile situations. It also leads to large scale rural-urban
migration in search of employment opportunities, which in
turn exerts unsustainable pressure on thinly spread and severely
stressed urban infrastructure (Sen Roy, 2018b).

Specifically, conflicts during El Niño years tend to concentrate
in arid and semiarid areas of Asia and Africa. These areas include
North and South Sudan, and the Eastern highlands of Africa in
Ethiopia, which experience semi-arid to arid weather conditions
and associated with lower than normal rainfall during El Niño
years (Seleshi and Demaree, 1995). Similarly, Central India,
Pakistan, and Afghanistan, which are comprised mostly of semi-
arid to arid areas experience deficient rainfall during El Niño
years (Sen Roy et al., 2003; Mahmood et al., 2004). On the other
hand, in the relatively wetter regions of Southern Africa, where
El Niño has a stronger modulating role on the local rainfall, the
spatial patterns of occurrence of conflicts do not show significant
intensification. Similarly, the wetter regions of South Asia,
including the Gangetic plains in the Indian subcontinent, and
South East Asia, though significantly affected by El Niño in the
form of deficient rainfall, do not show significant intensification
of conflicts. On the contrary, during the La Niña years there
is substantial de-intensification of the hot spots in South and
Southeast Asia and Central America, matching with relativemore
wet years.
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CONCLUSIONS

In the recent few decades, research on climate change has
expanded significantly with greater consensus about questions
regarding the buildup of greenhouse gases in the atmosphere and
the magnified role of anthropogenic activities. Some of the main
findings concerning long-term trends in climate change from the
latest Fifth Assessment Report of the IPCC (Stocker et al., 2013)
are briefly summarized below:

• It has been widely confirmed that the entire globe has
experienced warming, although with considerable decadal and
inter-annual variability. The average global linear trend for
combined land and ocean surface temperatures indicate a
warming of 0.85 (0.65 to 1.06) ◦C between 1880 and 2012. For
the most recent decade, 2003–2012, this trend is 0.78 (0.72 to
0.85) ◦C.

• There is significant evidence demonstrating the very likely
decrease in the number of cold days and nights, as well as an
increase in the number of warm days and nights on a global
scale. These findings are further intensified by the increased
frequency of heat waves in parts of Europe, Asia, and Australia.

• Furthermore, increases in number of heavy precipitation
events have been observed in many regions of the world.

In general, the maximum negative impact of climate change
will be on the less developed regions of the world, concentrated
mainly in the Global South. However, there is substantial
differences in terms of regional variations in the impacts of
climate change. Insufficient long-term data records, as well

as scarce coverage in several countries lead to some of these
variations. In addition, the severe social and economic impacts
of climate change are further aggravated by pervasive poverty
and absence of adequate public infrastructure. Therefore, a
better understanding of the impacts of global environmental
change will require a unified international effort to assemble,
synthesize, and examine the relevant data in order to decide on
the most critical actions (Stern, 2007). More importantly, there
is widespread ambiguity about how local populations and their
environments will be impacted by and adapt to these variable
conditions at different spatial scales. This is particularly true in
the more vulnerable regions of the Global South. The results
of this study can help in the prevention or better management
of conflicts in the future particularly in the Global South.
Additionally, the results of this study may also help in the future
prevention of conflicts through better management of resources,
particularly in the arid and semiarid regions of the Global South.
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