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Abstract. As causal discovery algorithms have not matured up to the
point where they can consistently identify complete causal structures
from observational data, human expertise remains crucial in distinguish-
ing cause from effect. In scientific practice, this human expertise is man-
ifested in literature studies. This paper presents a causal discovery ap-
plication of the environmental-conflict, conflict dynamic in Iraq where
an extensive literature review is paired up with a causal discovery algo-
rithm to uncover a causal mechanism. Specifically, the literature review
identifies relevant variables for the causal dynamic and offers a hypoth-
esized causal structure, which is then used as a benchmark to evaluate
the causal structures derived from the causal discovery algorithms. Our
proof of concept shows that such an approach can add specificity and
refine our understanding of a causal mechanism.
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1 Introduction

Environmental-conflict is a form of tension or violence triggered by competition
over natural resources or environmental pressures, such as scarcity or degra-
dation. Although environmental-conflict literature has advanced in examining
the causal relationships between climatological factors and the onset of armed
conflict, these studies often focus on specific connections rather than a compre-
hensive mechanism of naturally induced conflict [11, 24, 15]. The unsuitability of
randomized controlled trials for the study of armed conflict further hampers the
extraction of causal relations, leaving a gap in the literature for methodologies
that can infer causality from non-experimental observations.

One way to address this gap is causal discovery. While causal discovery al-
gorithms have gained traction over the years, research has shown that causal
discovery algorithms can be unstable [14] or that only limited parts of the causal
graph can be discovered from pure observations [19]. To this purpose, domain
knowledge can be used to refine the performance of causal discovery algorithms
and has been incorporated via tiered background knowledge [2] user interactions
[16] or the penalization of the search process [9].
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This extended abstract extracts a causal mechanism from environmental-
conflict data in Iraq by complementing the power of a causal discovery method
with hypothesized causal linkages from a literature review. First, a hypothe-
sized causal mechanism is derived from a literature review, which informs the
selection of variables for causal discovery. A causal discovery algorithm is then
applied to the environmental-conflict data, and the resulting causal structure is
benchmarked against the established linkages from the literature.

While the hypothesized causal linkages from the literature are discussed in
Section 2, the data, causal discovery algorithm, and results are described in
Section 3. Finally, the conclusions and limitations are discussed in Section 4.

2 Literature Review

This section formulates hypotheses on causal linkages contributing to the emer-
gence of environmental conflict in Iraq, grounded in a comprehensive literature
review that systematically examines regional environmental stressors and con-
flict dynamics identified across academic sources.
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Fig. 1. The hypothesized causal structure: it distinguishes between direct and indirect
linkages (i.e., paths A and B, respectively).
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Long-term weather patterns have been directly linked to armed conflict [12,
11, 25, 8, 4]. Environmental changes can disrupt livelihoods, prompting fragmented
communities to take action in an effort to mitigate the adverse effects. Such
changes include variations in precipitation, evaporation, temperature, and the
differential absorption or release of accumulated heat by physical environments,
all of which may contribute to the emergence of conflict [11, 24].

On the other hand environmental variables have also been argued to cause
armed conflict indirectly [3, 24, 15]. One possibility is that the effect of environ-
mental changes on armed conflict are mediated by the scarcity of vital resources
[24,10]. This materializes into the scarcity of crops due to disrupted weather
patterns, of which rice production has been shown to mediate causal effects of
temperature on the emergence of actual violence [5].

Many studies also tie the emergence or existence of armed conflict in relation
to environmental changes to population sizes 27,20, 22]. Specifically, resource
scarcity affects denser populations more significantly than less dense ones [3, 1],
as denser populations might be less able to mitigate tensions effectively.

With all of the above hypotheses, it is possible to compose the entire hypo-
thetical causal structure of linkages between environment and conflict, as shown
in Figure 1. This hypothesized causal structure is also in line with research of
other scholars [24].

3 Experimentation and Results

The units of analysis are all the 294 Iraqi municipalities. The literature study was
leading in the choice of extracted variables. First, the number of civilian fatalities,
conflict events, and conflict fatalities were sourced from Armed Conflict Loca-
tion and Event Data Program [21] (ACLED). In addition, the climatological-
related variables such as precipitation, soil temperature, and latent energy were
retrieved from IMERG quality index [13], ERA5-Land dataset [18] and NASA
MODIS dataset [23] respectively. Finally, we extracted rice production data from
MapSPAM [26] and population density data from the International Earth Sci-
ence Information Network at Columbia University [7]). Since the time horizon
was from January 1, 2020, to January 1, 2022. we aggregated the values of ex-
planatory variables, so much so each aggregation emphasized extreme values of
the observed explanatory variables.

The causal discovery algorithm that is being applied to the data is GES [6].
Although the study would benefit from a more exhaustive use of causal discovery
algorithms, GES has been chosen as it has been deemed suitable in the case of
simulation studies with small sample sizes [17].

As the literature review pointed out, there are multiple subselections of vari-
ables that are hypothesized to play a role in the environmental-conflict dynamic.
While no causal linkages or partial causal structure is imposed in the causal
discovery phase, a total of 136 extracted graphs are benchmarked against the
hypothesized graph of Figure 1. The graph that shares the most directed edges
with the hypothesized graph is shown in Figure 2.
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Fig. 2. GES-retrieved causal structure that is most aligned with the literature review

The literature review only hypothesized the possible existence of direct or
indirect effects, which is why the causal discovery process reveals more specifi-
cally which directed arrows exist between the variables. The empirically retrieved
causal structure reveals that precipitation is the only environmental variable with
a direct effect on conflict, while other effects are mediated by rice production or
population density.

4 Conclusion and Limitations

In this work, we have provided a proof of concept of how the strengths of both
thorough literature review as well as causal discovery methods can be merged
to achieve a causal mechanism in the environmental-conflict context of Iraq.
Since the results of causal discovery are filtered based on their alignment
with existing findings, the method can only corroborate established conclusions
and is unable to identify causal structures that are not already supported by the
literature. Nonetheless, as the literature consensus can be ambiguous, pairing
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them up with causal discovery algorithms can contribute significantly to refining
our understanding of complex causal structures.

Finally, a limitation of our current approach to environmental-conflict mod-

eling is that the causal discovery process assumes that the data is independent
and identically distributed (i.i.d.). However, it is plausible that climatological
variables of one municipality may influence the climate-conflict dynamics of an-
other municipality, leading to violations of the i.d.d. assumption. This spatial
confounding calls for causal discovery methods that can account for such viola-
tions [28].
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