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Background: Climate change poses credible threats to the livelihoods of many. This paper addresses how climate
change adaptation can help counter the increased risk of violent conflict that is associated with these climatic
changes. Extant climate-conflict links however, involve a complex interaction of many factors that mediate the
impact of climate change. Thus, adaptation methods should not focus simply on the direct impacts of these

Methods: This paper, using the Systematic Literature Review method, conducts an analysis of the climate-
conflict and climate adaptation literature covering 46 papers, with a geographical restriction of Africa and

Results: This SLR had two key aims, first to understand how links and common areas of understanding between the
climate-conflict and climate adaptation fields of research could inform future empirical quantitative research into the
notion of climate adaptation as conflict prevention. And secondly, how future quantitative comparative climate conflict
research could be informed. It suggests a Vulnerability Model that assists in understanding how vulnerability, understood
through the lens of exposure, sensitivity and adaptive capacity, can provide researchers and policy makers with the various
factors, both direct and indirect, which can identify where violent conflict might occur. Simultaneously, it illustrates what
factors influence the adaptation needs of an agricultural community and hence how adaptation could reduce the risk of
future violent conflict. Future quantitative comparative climate-conflict research could also benefit by using disaggregated
sub-national data, focusing on agricultural communities using variables that draw on the Vulnerability Model.
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Background

Within the last decade there have been rising concerns
about the negative effects of climate change. Such
changes could result in increasing rates of violent con-
flict among vulnerable communities [26]. Discourse sur-
rounding this concern has seen much attention from
politicians and other public commentators. Prominent
examples include former President Barack Obama
speaking at the United Nations (UN) in 2009, asserting
that the threat posed by climate change was serious,
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growing and would lead to more hunger and conflict
[43]. Other prominent United States security officials,
such as former US Defence Secretary Chuck Hagel, have
raised concerns about climate change acting as a threat
multiplier contributing to greater conflict risk.

However, the quantitative comparative literature is yet
to settle on a consensus as to the definitive causal mech-
anisms linking climatic changes to violent conflict [10].
The research continues to search for clear links as to
where, how and when one can expect causal links in this
climate-conflict debate. As it stands, the little consensus
that exists sees any links as being indirect and mediated
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by a number of social, political, economic and other fac-
tors [10]. Considering this, settling on precise and reli-
able conflict prevention' initiatives, with a focus on
climatic and environmental variables, would be ill ad-
vised due to the lack of consensus in the evidence base.
Yet, climate adaptation is known to have the potential
for reducing the negative impacts of climate change, and
thus could be a viable option?® for the prevention of vio-
lent conflict as well.

The UN describes adaptation as involving the reduc-
tion of risk and vulnerability; seeking new opportunities
and building the capacity of nations, regions, cities, the
private sector, communities, individuals and natural sys-
tems to cope with the adverse impacts of climate change
(Huq et al. [40]). In the climate-conflict literature, there
is a high level of agreement in understanding how the
agricultural sector may be part of any extant causal links.
This is particularly the case where, in Africa for example,
there is a high level of dependence on rainfed agricul-
tural practices [22, 27, 54]. Authors in the
climate-conflict literature have illustrated the need for
appropriate adaptation in this sector to ensure resilience
and to contribute to conflict prevention in the face of
climate change ([18, 60]; [13, 23]). Vivekananda et al.
[57] stress “the need to understand the linked concep-
tual pairs of fragility and stability, vulnerability and re-
silience, and human security and insecurity, in order to
analyse the pathways between climate change and vio-
lent conflict or peace.” One suggestion Vivekananda
et al. [57] make is to ensure that climate adaptation is
peace positive, contributing to building resilience among
fragile and vulnerable communities.

In contributing to the broader and expanding field of
climate security, a Systematic Literature Review (SLR)
has been conducted to provide an overview of how the
literature on climate-conflict and climate adaptation are
linked. It is designed so that understanding these links
and overlapping areas of research between these two
fields, can assist in understanding how future research
into climate adaptation as conflict prevention should
progress. By focusing on the quantitative literature in
fulfilling these two key aims, it is expected that the re-
sults will be quantitative in nature suitable for empirical
testing, and thus best suited for informing future
generalizable empirical research.

This SLR analyses the literature in both the
climate-conflict, and climate change adaptation
fields of research, with two key research aims. First
is to understand what informative links exist be-
tween these two fields of research, and how any
such links could inform future research into climate
adaptation as conflict prevention. It focuses on the
African continent, but its conclusions are not ne-
cessarily confined to this sector and geography.
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Concerning this geographical focus, there is evi-
dence for what is termed ‘the streetlight effect’ in
the climate-conflict literature [2]. This effect de-
scribes selection bias that afflicts the quantitative
research focusing on this continent, however this
review does not generate a new statistical analysis
but reviews the state of the literature as it exists.
Thus, this bias cannot be entirely avoided until
afflicted quantitative studies and research methods
have been remedied. None the less, such a geo-
graphical focus is not unwarranted, as this contin-
ent is regarded as perhaps the most sensitive and
vulnerable to the impacts of climate change [26].
There is also broad agreement on this consensus in
both the climate adaptation and climate conflict lit-
erature, as will be noted in the body of this review.

The second key aim is to assess how what is found in
this SLR could inform the quantitative comparative
climate-conflict literature, finding a robust and statisti-
cally significant causal link between climate change and
violent conflict. As such, it is not the primary aim of this
SLR to assess the validity of the claim that climate
change may contribute to an increase in violent conflicts
(though the second aim contributes to this literature as
will be explored in the body of this paper). However, this
SLR finds support for, and confirms, the broad consen-
sus reached thus far: that any climate-conflict links are
likely mediated by a number of socio-political and eco-
nomic factors.

Methodology

The purpose of this SLR was to identify links between
the two mentioned fields of research, and specifically to
provide direction on how research on ‘climate adaptation
as conflict prevention’ should progress. With the second
aim of informing future quantitative comparative
climate-conflict research. To this end, the review will, to
a lesser extent, evaluate the fields of research separately.
The primary goal is to evaluate them so that shared pat-
terns, areas and links in the research can inform the
aims of this SLR.

The SLR methodology has seen most of its develop-
ment in the health and medical sciences, yet it is being
more frequently applied to other fields of research to as-
sist in the revision of large and sometimes unmanage-
able amounts of data [16]. Through its rigorous and
systematic methodology, bias that often afflicts the nar-
rative method is minimized, whilst a general overview is
attained with the assurance of transparency and replic-
ability [35].

This SLR will follow the five steps outlined by Denyer
and Tranfield [16]: i) defining the problem and research
topig; ii) identifying the relevant studies; iii) selecting the
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studies; iv) the data synthesis; v) and summarising and
discussing the results.

Problem definition

The purpose of this SLR is to review the literature on
climate change and violent conflict (climate-conflict
nexus) and climate change adaptation (climate adapta-
tion) to uncover links between the two fields. Specific-
ally, the aim is to discover how such links might inform
future research and perhaps policy on how climate adap-
tation can contribute to the prevention of violent
conflict.

Identification of relevant studies

With this problem definition in mind, the next step was
to perform a search of relevant, multidisciplinary scien-
tific databases using a defined search string with relevant
keywords. Here, it is also important to note that the fol-
lowing methodology was carried out for both fields of
literature separately. For this study, four high impact
international databases were used: Scopus, Web of Sci-
ence, Science Direct and Google Scholar.

Climate-conflict nexus

There were two key areas to be investigated, that of
‘climate change’ and ‘violent conflict, each had sev-
eral variations (see Table 1 below). There is also a
geographical focus for this review: Africa, however,
this key word and variations were not included in
the search string (studies including Africa but with
a global focus were excluded). This is since most
empirical climate-conflict research has been con-
ducted focusing on Africa and this research field in
itself is not too large that excluding the term ‘Af-
rica’ did not result in the retrieved articles becom-
ing unmanageable. These queries had no timelines
applied and were only searched using the ‘article
title) as including the abstract expanded the results,
in Scopus for example, by over seven thousand. An-
other important caveat was that Web of Science
produced over three hundred thousand results for
the search string in Table 1. Thus, the search term
used was simplified to produce manageable results:
(climate AND conflict).

Table 1 Below are the various keywords used in the search
string

Key search areas Search string with alternative keywords

Climate change climate® OR variability* OR warming®

Violent conflict conflict® OR war®

Words with an asterix (%) indicate alternative variations used
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Climate adaptation

The same four databases were used to assess the litera-
ture in this area. The key areas to be investigated were
‘climate change’ and ‘climate change adaptation; this
time including ‘Africa’ as a search term. Including ‘Africa’
in this search string was important as the literature on
climate adaptation is far greater. Excluding Africa, in
Scopus for example, increases the results by over four
thousand. There were no timeline restrictions and search
strings were only applied to the article title for the same
reason mentioned for the climate-conflict search (see
Table 2). An important note applies for this search string
in the Web of Science database as well, which produced
results that were over two hundred thousand, thus the
simplified search string for this data base was (climate
AND adaptation AND Africa).

Selection of studies

Once all the articles had been retrieved from the da-
tabases, they were collected and sorted by date for
both fields of research. Conducting an exhaustive re-
view was not the aim of this paper, thus two over-
arching criteria were applied to both searches in the
literature. First was including only peer reviewed jour-
nal articles and book chapters, not grey literature.
Simultaneously, literature that was comparative and
quantitative was a further selection criterion for both
research fields. The idea of focusing on the quantita-
tive literature is not to do a quantitative
meta-analysis employing statistical methods in the
analysis, but the analysis is qualitative in nature whilst
quantifying basic elements of the literature. Such lit-
erature allows for greater capacity to generalize for
variables and links across regions and case studies,
whilst also providing statistical significance [8]. Here,
comparative was defined as comparing two or more
countries, whether they used data at the national or
subnational level. Quantitative was seen to analyse re-
sults using data that utilized statistical methods and
various types of modelling, such as regression ana-
lyses. Whilst there is the above stated benefit of fo-
cusing on quantitative comparative studies, there is
also reason to include single case quantitative studies
for the climate conflict literature. Most quantitative
comparative studies in the climate-conflict literature
are designed at the national level and can therefore

Table 2 Below are the keyword variations, where the asterix (*)
indicates the alternate endings

Key search areas Search strings with alternative keywords

Climate change climate* OR variability* OR warming*
Climate adaptation

Africa

adaptation* OR adapt*
Africa* OR Sahel*
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overlook important subnational dynamics [30]. This
was not necessary however for the climate adaptation
literature as most such studies have a subnational re-
search design in their comparative studies. Through
this process it is unlikely that all relevant articles will
be found, and because this methodology should be
followed without deviation in order to enable
consistency with other such SLR’s, a small number of
articles may not have been included in the final
selection.

Climate-conflict nexus

Duplicates were highlighted (for ease of selection) but
not removed, as some results shared the same title yet
had different authors. Some retrieved papers addressed
climate change yet did not have that term in the title (ra-
ther containing, for example, ‘warming’ and ‘drought’).
Thus, it became important that the abstracts of the re-
sults were also screened on the basis that they addressed
causal links between climate change and violent conflict,
keeping in mind both quantitative single case studies
and quantitative comparative criterion, focusing on
Africa.

Climate adaptation

Similarly, duplicates in the climate adaptation literature
were highlighted rather than deleted. Titles and abstracts
were screened for evidence of adaptation in response to
the adverse effects of climate change, whether they were
perceptions, actual adaptation methods taken or other-
wise. Those that did not address these two-key criteria,
containing a quantitative comparative analysis with a
focus on Africa, were excluded.

For both fields of literature, the article titles were ini-
tially screened to remove those that were clearly irrele-
vant on the basis of the geographic focus or by the topic
covered. Secondly, the abstracts were then screened in
accordance with the criteria outlined previously, this
process was then repeated including screening of the
introduction and the body of the text if need be to en-
sure an accurate inclusion of relevant articles. See Ta-
bles 5 and 6 for further details.

It is worth noting the justification for conducting
the SLR on the two mentioned fields separately, ex-
cluding three sets of literature, first is the exclusion
of a search on ‘climate adaptation as conflict preven-
tion” for example. The notion of the prevention of
violent conflict, conflict that is seen to relate to cli-
mate change, through climate adaptation, is a new
and developing field, where there is a sparse amount
of literature to assess. A preliminary search string
(climate AND adaptation AND conflict OR war AND
prevention OR prevent) that was applied to the ab-
stract, key words and title in Scopus for example,
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revealed only thirty-seven results. Of these only five
had any relation to climate change, adaptation and
the prevention of violent conflict. Second is the ex-
clusion of the environmental peacebuilding literature.
A title search string (environmental AND peacebuild-
ing) in SCOPUS revealed less than 100 results. Of
these, those that are empirical are most often single
case qualitative studies, as already noted above, we
argue that the aims of this SLR are best met by em-
pirical quantitative studies. The empirical research in
the environmental peacebuilding literature is arguably
inconclusive and still in development [24]. As such,
we argue that a separate review of the environmental
peacebuilding literature to review the state of know-
ledge as it stands in that field, would reveal more
relevant knowledge than this review and its aims.
Third, is the exclusion of the qualitative literature.
For this paper, in line with the two key aims, we
hope and expect to generate results that are suitable
for empirical quantitative testing and that are
generalizable across space and time, considering this
a focus on the quantitative and comparative literature
is justified. Thus, the decision was taken to present a
fresh approach whilst illustrating how research into
climate adaptation as conflict prevention should pro-
gress. It is hoped that by making this choice a contri-
bution to new knowledge can be gained from this
SLR.

The initial search for the climate-conflict literature
found a total of 1732 results, and for the climate adapta-
tion literature there was a total of 1080 results, a com-
bined result of 2812. See the final list containing all
retrieved articles after final selection in the appendix.
These were then refined down to a final 27 on
climate-conflict and 19 on climate adaptation through
the filtering mechanisms shown in Tables 3 and 4.

Tables 3 and 4. Search results updated between 15th
and 20th February 2018.

Table 3 Climate-conflict results

Databases. Results
Google Scholar 894
Scopus 486
Web of Science 260
Science Direct 92

Total 1732
Filter through article title n=1178
Initial filter through abstract n=>55
Second filter through abstract and introduction n=27
Final count after selection 27
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Table 4 Climate adaptation results

Databases. Results
Google Scholar 798
Scopus 156
Web of Science 98
Science Direct 28
Total 1080
Filter through article title n=_854
Initial filter through abstract n=40
Second filter through abstract and introduction n=19
Final count after selection 19

Data synthesis and summary of results

The synthesis of data involves aggregating the articles
and their findings to obtain a general overview of the
field(s), whilst also relating information and patterns
across the studies that would not be clear from read-
ing the individual texts [16]. Analysis and selection of
data relies to some extent on the subjective interpret-
ation of the author, indicating infiltration of bias
which is a weakness of the SLR method, yet, this
methodology only minimises bias as opposed to eradi-
cating it [35].

For both fields of literature, all papers were clas-
sified, and data extracted according to their scale of
analysis (national/sub-national), non-climatic vari-
ables and climatic variables measured, effect on
conflict risk and effectiveness of adaptation
methods, group type studied, analysis of vulnerabil-
ity among several other relevant categories. Al-
though most of the data was used in some form or
another (in the creation of the various figures for
example), the categories in Tables 5 and 6 were
drawn from this larger set of data points and were
used for the core of the analysis as we posit they
best inform the two aims of this paper®. Appendix
provides a small sample of the categories created
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that informed the basis for Tables 5 and 6, land
how further analysis based on Tables 5 and 6 was
generated. These aims do not necessitate an ana-
lysis which focuses on specific methods of quantifi-
cation, variables and model specifications. Indeed at
least one SLR has already been conducted for such
purposes for the climate-conflict nexus, for example
see Sakaguchi, Varughese and Auld [45]. To this
end, this SLR is less focused on providing a trad-
itional, overview of the fields as usual when con-
ducting the SLR method. Rather, the focus is on
drawing out key links between the two different
fields of literature, and on the informative value for
the aims of this paper. It is hoped that this ap-
proach will provide some sense of research and pol-
icy outcomes for environmental peace-building and
conflict prevention, rather than just describing the
field.

Result synthesis

Climate-conflict results

Group/land use type studied

A variety of groups and conflict types are identified in
the literature, however, strict classification was difficult
as the groups analysed are not always definitively stated.
For example, broad mention may be given to rain fed
agricultural communities in sub-Saharan Africa being
the most vulnerable to the effects of climate change [13].
It is such cases that can make for some ambiguity,
none-the-less, classification was still achieved. Indeed,
Raleigh and Kniveton [42] assert that past studies have
failed to separate conflicts into different groupings ac-
cording to their structures, aims and goals. It may also
be that strict mention not always being made of such
groups, was not the aim of the quantitative comparative
literature, rather it enables researchers to generalize
across regions for factors linking climatic changes to
conflict [10]. To gain clarity on this issue guidelines for
classification were taken from and found to be like that
of Raleigh and Kniveton [42]. They document rebel con-
flict, involving rebel groups and the state, as well as

Table 5 Classification of articles into four selected categories for the climate-conflict nexus

Category

Description

Land use/group studied

Vulnerability relating to climate change

Vulnerability relating to other factors (excluding climate change)

Recommendations for peacebuilding and conflict prevention

Groups that were involved in instances of violent conflict
(ranging from state actors to local communities).

Understanding how subjects studied are vulnerable to climate
change and thus, potentially, to violent conflict.

Understanding the multiple variables other than climate change,
that contribute to such vulnerability and thus the potential for conflict.

Recommendations for peacebuilding efforts, hence, how to reduce
the vulnerability of said groups (includes a variety of actors, such
as states and local communities).
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Table 6 Classification of articles in to four selected categories for the climate adaptation literature

Category

Description

Land use/group studied

Vulnerability relating to climate change

Vulnerability relating to other factors (excluding climate change)

Future adaptation recommendations

Groups studies, such as farming or pastoral communities.

Understanding how such communities and their livelihoods
are vulnerable to and affected by the negative effects of
climate change.

The multiple variables other than climate change that contribute
to the vulnerability of such communities.

Policy and other recommendations.

communal conflicts/violence said to involve pastoral and
crop-based communities as well as ethnically, religiously
or otherwise marginalised communities. This SLR de-
parts somewhat from the approach outlined by Raleigh
and Kniveton [42], and goes further as set out in Fig. 1,
it identifies several conflict types with corresponding
groups. These conflicts involve agricultural communi-
ties, both crop farmers and pastoralists, urban popula-
tions and ethnically, religiously or other based violent
conflicts. Also identified is civil war, usually involving
the state against non-state actors [54] (see Fig. 1).

It is worth further noting the difficulty in documenting
these conflict types and groups. The agricultural sector
(includes crop based and pastoral communities) is men-
tioned in most studies as being the most vulnerable to
the effects of climate change due to its reliance on nat-
ural precipitation patterns [22, 27, 54]. However, it is not
always clear if the assertion is that it is such groups who
will be involved in the conflict. For example, Burke et al.

[13]; Couttenier and Soubeyran [15] refer to civil war,
yet both mention the high vulnerability of agricultural
communities. Both papers use conflict data that is a part
of the ongoing UCDP/PRIO*project on armed conflict
[54]. Thus, it is not clear whether agricultural communi-
ties or various other state and not state actors are the
primary actors involved in, or the causes of, conflict. It
could be that the vulnerability of the agricultural sector
acts as a proxy for violent conflict rather than being in-
volved in violent conflict. For example, Burke et al. [13]
assert that agricultural performance is the key mechan-
ism linking increasing temperatures to civil war in Africa
(a simple causal link is contested, this will be discussed
in the Summary of Results and Discussion section). The
study by Rowhani et al. [44] was classified as communal
violence (ill-defined) in Fig. 1. Here, the authors docu-
mented various conflicting communities in Ethiopia,
Sudan and Somalia, making reference to various
pre-existing ethnic, religious and other tensions, as well

10

wv

N

w

-

M Agricultural

Urban populations

Fig. 1 Conflict types and corresponding groups

Conflict and group types

M Crop farmers

B Communal violence (ill defined) ® Civil war (state vs non-state)

M Pastoralists
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as paying mention to large pastoral communities in the
region. Here ambiguity is created as the UCDP/PRIO
database was used for their conflict data as a study of
civil war as encompassing: “interstate, extrastate, internal
and internationalized internal armed conflict with at
least 25 battle deaths between two or more parties where
at least one is the government of state” [44].

Jones, Mattiacci and Braumoeller [27] further illustrate
how food production and possible food insecurity (agri-
cultural production being an important factor in food
security) can affect violent unrest where vulnerability of
the state is low, namely, state vulnerability moderates
the effect of food insecurity and thus the likelihood of
violence. This presents a clearer understanding of the
groups involved in conflict and how the agricultural sec-
tor is related through its link to food security and state
vulnerability. Likewise, clearly identifying pastoral com-
munities as the key actors in conflict, allowed Adano
et al. [3], Schilling et al. [47] and Theisen [53] to better
identify how warming and drought impacted those com-
munities and interacted with existing conditional and
mediating factors. This being a notable benefit of the
single case quantitative studies. The ambiguity in clearly
defining groups involved in conflict, illustrated above,
leads to a corresponding ambiguity in the defining of
groups for Fig. 1, suggesting that this may be a limitation
of the SLR analysis. However, the analysis would not
have been able to gain the insights it did without using
this approach.

Vulnerability relating to climate change

The concept of ‘vulnerability’ (‘vulnerable’ included) is
explored or at least mentioned in at least 70% of the
climate-conflict studies identified in this SLR, suggesting
that it is a significant aspect in understanding the causal
links between climate change and violent conflict. In this
section, vulnerability is understood in both specific and
broad terms. Broadly, vulnerability can be understood as
the extent to which communities throughout Africa are
impacted by the effects of climate change, due to their
over reliance on rainfed agriculture [22, 27]. Thiesen,
Holterman and Buhaug [54] affirm this by asserting that
only 4 % (2011 at time of publication) of arable land is
irrigated, making agricultural communities unsuited to
withstanding the effects of drought. In this context of
vulnerability relating to climate change, vulnerability
could be seen as the level of physical exposure to the
direct effects that climatic changes pose to such commu-
nities through their high exposure and low levels of re-
silience [18].

For pastoral communities, physical exposure is par-
ticularly relevant as the pastoral livelihood relies pre-
dominantly on natural resources, water and pasture,
which are made increasingly scarce by drought, rainfall
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variability and other environmental indicators [31]. In-
deed, Meier, Bond and Bond [31] contend that vulner-
ability caused by environmental stress has changed the
relationship of cooperation and competition among pas-
toral groups, where one of the functions of cattle raiding
and theft is to replenish herds killed off during drought
[14]. Raleigh and Kniveton [42] outline one of the pos-
sible climate-conflict pathways, referring to it as ‘scar-
city’ where increased rates of conflict are likely to follow
periods of higher than average decreases in rainfall.
Here, a picture is developed where conflict is causally re-
lated to climate induced resource scarcity. However,
contention exists where the traditional view of resource
scarcity contributing to conflict is countered by the find-
ing of Butler and Gates [14], who also present evidence
supporting the narrative of an abundance in resources:
water, pasture, thicker vegetation, in increasing instances
of pastoral conflict. Some supporting evidence was also
found for this by [31]. In the literature identified for this
SLR, rainfall variability and warming were the climatic
variables assessed most, both in 60% of studies. Drought
was assessed 40% of studies.

Yet, Fjelde and von Uexkull [18] contend that vulner-
ability is not only determined by the level of physical ex-
posure, but by the level of resilience in communities or
states, which depends on the ability of societies to re-
spond and manage the effects of climate change. Ide
et al. [25] confirm this notion of ‘exposure; describing it
as the adverse impact of a particular climatic variable
such as drought or warming. The authors expand on
this, pointing to ‘sensitivity, which is similar, but refers
to the degree to which a system or community is af-
fected by such climatic changes [25].

Here, it is worth noting how an understanding of
vulnerability in the context of exposure and sensitivity
is not always reached using these explicit terms in
many papers. More often, rather than authors refer-
ring to or assessing exposure and sensitivity explicitly,
the impact of the climatic changes will be addressed,
such as drought or reduced rainfall. For example
(some already described above) Thiesen, Holterman
and Buhaug [54], outline the impact of increasing in-
stances of drought on rainfed reliant agricultural
communities in some of the poorest and most vulner-
able parts of Africa. Drought and measurements of
precipitation are the climatic variables used by the
authors, they are illustrated without referring to ex-
posure and sensitivity in such definitive terms. Yet, as
illustrated by Ide et al. [25], exploring these changes
more explicitly in the terms of exposure and sensitiv-
ity, can allow the authors to better visualise how
these climatic changes affect a given community, and
indeed how they may be a part of a climate-conflict
causal link. This points to a gap in the research.
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What will be made clear in the next section is that the
climate effect on vulnerability is only a contributing fac-
tor, where the term ‘adaptive capacity’ could be seen as
the ability of a community to manage adverse climate
impacts. This ‘capacity’ refers to the importance of the
multiple factors identified that describe how communi-
ties are vulnerable [17].

Vulnerability relating to other factors
What is clear in the literature is that there are mul-
tiple variables that contribute to the extent that com-
munities become vulnerable to the negative impacts
of climate change. Ide et al. [25], as the third aspect
of vulnerability the authors refer to, outline ‘adaptive
capacity’ which is the ability of a system or commu-
nity to change in order that it can cope with and
manage the stress it faces due to its exposure and
sensitivity. Rowhani et al. [44] find evidence for the
importance of interannual rainfall variability on affect-
ing ecosystem production (strength of the natural
ecosystem/natural resources). As malnutrition is sta-
tistically associated with violent conflict, ecosystem
production and rainfall variability are indirectly asso-
ciated with violent conflict. What is indicated here is
that this potential climate-conflict link is mediated by
what can reduce malnutrition. Accessibility to health
services for example, through robust infrastructure,
can decrease the impact of malnutrition. Strong eco-
nomic institutions and robust economic growth can
also reduce the vulnerability of those who experience
malnutrition and rely on ecosystem productivity [44].
In their analysis, Devitt and Tol [17] develop a
model of development with multiple interactions.
They find that climate change increases the prob-
ability of civil war, yet economic growth reduces
this likelihood as well as vulnerability to climate
change, where climate change and civil war both
act as poverty traps and can reinforce one another.
Here there is a simplified implication, if economic
growth is strong, countries will experience greater
wealth and peace, and be able to withstand the ef-
fects of climate change [17]. However, not all Afri-
can states and agricultural (or otherwise)
communities will experience the same level of
underdevelopment, lack of access, or economic
growth and thus vulnerability. Indeed, Thiesen, Hol-
terman and Buhaug [54] confirm this through
asserting that differing groups in such societies are
not all equally vulnerable to environmental shocks,
paying mention to politically and ethnically margin-
alized groups. A feature of their study, for example,
was to geographically disaggregate their research
design, selecting for groups experiencing such
marginalization, implying that climate related
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conflicts are more likely to occur in these regions.
Raleigh, Choi and Kniveton [41] echo this import-
ant realization of where communities are most vul-
nerable. They outline how conflict rates are in
some cases subject to already degraded environ-
ments, for example where communities are already
experiencing higher conflict rates, ultimately stating
that the scale at which phenomena are addressed
and studied, as noted above, is of great importance.
Further, Raleigh, Choi and Kniveton [41] include
food prices and market strength for their model, as
important mediating factors for, and between, vul-
nerability, climate and conflict.

In their study, Fjelde and von Uexkull argue that
studying communities at the local level is important
in discovering how they experience and respond dif-
ferently not only to physical, but also to political and
economic vulnerability. Capturing these local details
provides an advantage relative to those studies which
are designed at the state level [18]. The authors look
specifically at income and poverty of local communi-
ties as their economic variable. However, they also ac-
count for specific livelihood requirements and
reliance on agriculture, rather than just a measure of
poverty. This, in  concert  with  political
marginalization, can push groups to violent pathways
in voicing frustration when peaceful alternatives are
not present [18]. Here, an understanding is developed
of how variables other than those which are climatic
and centred on the specifics of exposure and sensitiv-
ity, are of great importance in determining vulnerabil-
ity. For example, Ide et al. [25] contend some regions
and communities might experience higher sensitivity
to climatic changes if they consist of poor, highly
populous regions that are highly dependent on rainfed
agriculture. Thus, Ide et al. [25], using indicators for
exposure, sensitivity and adaptive capacity, were able
to generate a composite risk index (CRI). Variables
for exposure were temperature and rainfall variability.
For sensitivity and adaptive capacity, the authors
identified measures including communal and house-
hold vulnerability, governance vulnerability and popu-
lation density, environmental dependence and soil
degradation. Ide et al. [25] point out however, that
such areas which are highly exposed, sensitive and
have a low adaptive capacity, will not necessarily ex-
perience violent conflict. Thus, there is also a third
consideration in developing their CRI, namely a gen-
eral risk of violent conflict, which is defined as the
likelihood of violent conflict to break out in a certain
area®. Possible indicators include low economic
growth, lower levels of democratization, recent con-
flicts and low levels of development among others
[25]. Through this process the authors could develop
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a most likely scenario for when and where future vio-
lent conflict might occur. The study argued that if
there is a link between climate change and violent
conflict, it is most likely to occur in areas that simul-
taneously experience high exposure to climate change,
a high vulnerability (high sensitivity and low adaptive
capacity) to climate change and a high general risk of
violent conflict onset [25].

In contrast to this detailed exploration at the subna-
tional level, Jones, Mattiacci and Braumoeller [27] chose
to analyse vulnerability at the national level. The authors
sought to model the relationship between climate
change and violent unrest by accounting for the complex
relationship between food insecurity and state vulner-
ability. Threats to food insecurity is a complex
phenomenon and is accounted for through two central
processes: extreme environmental change and inter-
national food prices. Jones, Mattiacci and Braumoeller
[27] contend that threats of food insecurity to the
occurrence of violent unrest is moderated by the level of
state vulnerability. Here, state vulnerability is a
multi-dimensional concept determined by two key fea-
tures: the states’ susceptibility to food insecurity and the
states’ capacity to manage and mitigate rapid changes in
the face of threats to food insecurity [27]. Through this
view, it was demonstrated that state vulnerability plays
an important role in shaping the relationship between
food insecurity and violent conflict. Reducing the vulner-
ability of that state can address the two key ways in
which food insecurity can contribute to violent protests
and riots identified in their study: food shortages and
food entitlements (food entitlements entails the relative
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control of segments of the population over food distri-
bution) [27]. It is worth noting that there is much over-
lap between the non-climatic variables that are seen to
make a community (or state) vulnerable (as explored
above) and the non-climatic variables that are argued to
cause or contribute to violent conflict. Vulnerability in
this context, referred to as adaptive capacity by Ide et al.
[25], is not always referred to as such (less than 15% of
studies do so in the climate-conflict literature) illustrat-
ing a gap in the literature. Rather, authors often refer to
the variables studied themselves. For example, Raleigh
and Kniveton [42] assert that the climate effect on con-
flict is mediated by political and economic variables,
whilst Jones, Mattiacci and Braumoeller [27], point to
state vulnerability and the strength of state institutions
(economic and political) which mediate the threat posed
by climate induced food insecurity. It may just be a
choice between how authors choose to define their se-
lected variables. However, as shown above, authors who
frame vulnerability and mediating factors in the
climate-conflict context by illustrating adaptive capacity,
gain a clearer understanding as to the potential conflict
risk and causal pathways [25, 27].

Peacebuilding and conflict prevention recommendations

This SLR confirms the already reached consensus that
any causal links in the climate-conflict debate are likely
to be indirect, mediated by a host of other
socio-political, economic and other factors. Therefore,
outlining definitive initiatives for policy makers to coun-
ter any causal links could result in ill-conceived policy
recommendations as the evidence base itself is not yet
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conclusive. However, just over half, 51%, of the studies
identified in this SLR still make carefully qualified peace-
building and conflict prevention recommendations based
on their individual analyses as outlined in Fig. 2.

The most commonly sited conflict prevention recom-
mendation, as seen in Fig. 2, was ‘Better governance/pol-
itical variables’. This also confirms the consensus that
variables other than climate change contribute to violent
conflict. Some of the studies make general references to
the inclusion of political or governance related efforts,
for example Meier, Bond and Bond [31] assert that
broad political variables need to be taken into consider-
ation as possible response mechanisms. Hendrix and
Salehyan [23] call for the promotion of transparent gov-
ernment institutions in order that citizens can have their
demands met through regular and peaceful means.
Looking at the prevalence of politically marginalized
communities in arid and semi-arid lands (ASAL), Ra-
leigh and Kniveton [42] assert the need for greater man-
agement of communal conflict. In a similar context,
Witmer et al. [60] call for an increase in good govern-
ance, specifically, political rights and political freedom,
to better prevent conflict. On the other hand, concern-
ing the role of the market in mitigating conflict risk, Ra-
leigh, Choi and Kniveton [41] outline the importance for
better governance and management in the volatility of
food prices, to increase market development and to en-
sure market assistance in times of need.

A number of broad economic development/variables
are mentioned for their utility in mitigating conflict risk
[10, 31]. Burke et al. [13] identify the specific need for
insurance schemes to help protect the poor from the
negative impacts of adverse climatic shocks on their
crops. Burke et al. [13] also identify the need for foreign
aid to be contingent on the event of climatic risks or
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disasters to economic
resilience.

A range of other recommendations are made from cli-
mate and disaster warning systems [31], to increasing
market access for remote communities [23] and to sta-
bilizing democratic governments [36]. Three of the stud-
ies also mention the importance of ensuring the
adaptation of the agricultural sector to enhance resili-
ence to adverse climate impacts. Burke et al. [13] assert
the need to ensure African crops are resilient to increas-
ing extreme temperatures through expanding farmer
knowledge, increasing irrigation and expanding crop di-
versity and genetic enhancements [10]. Hendrix and
Salehyan [23] also mention the need for irrigation and
increased variety of seeds as well improving water stor-
age. This underscores the assertion that adaptation
should be a part of future conflict prevention strategies.
Yet, the fact that there is sparse analysis and even men-
tion of adaptation in the literature indicates a gap in the
research.

strengthen a communities’

Climate adaptation results
Group/land use type studied
For the selected literature, agriculture was the observed
land use in all papers. For this study, agriculture was
seen to encompass both crop based farming as well as
livestock husbandry, with variations including ‘crop
based’ (not specified for single or mixed crop), ‘single
crop; ‘mixed crop; ‘mixed use’ (referring to crop and live-
stock based farms), ‘crop and livestock’ (for studies that
looked at crop and livestock based livelihoods separ-
ately), livestock’ and ‘not stated’ as seen in Fig. 3.

The literature covers some broad categories concern-
ing climate adaption, including measuring adaptation
options and constraints, determinants of past and

-

M Crop based m Single crop

Mixed crop

Fig. 3 Identified agricultural land use variations
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current adaptation strategies, and farmer perceptions to
climate change and adaptation. Farmer perceptions of
the threats posed by climate change were measured by
42% of the papers. Among those, there was generally a
considerable level of awareness as to how the climate
was changing and would continue to do so. In their
study of 8000 farm households across eleven countries,
Hassan and Nhemachena [20] showed that 50% of the
farmers perceived long term changes in the climate, not-
ably in warming and precipitation changes. Bryan et al.
[7] illustrated that in South Africa, 86 and 79% of
farmers noted that temperatures had increased, and
rainfall dropped respectively. For Ethiopia, such aware-
ness was 65 and 64% for increasing temperatures and
decreasing rainfall respectively. Analysing affected
groups at such a specified level, as farmer households
and communities, allows for granular data collection.
Importantly, as is evident, this allows researchers and
policy makers to better asses the specific adaptation
needs of agricultural communities and how adaptation
strategies can be enhanced for the future.

Vulnerability relating to climate change
The value of adaptation for any local community or state
actor is assumed and has been clearly enunciated in
IPCC reports for nearly 30 years, including the most re-
cent one [26]. It is, however, beyond the scope of this
particular SLR to provide a thorough analysis as to the
scholarly debate regarding the specifics of climate adap-
tation methods used. There is a broad consensus in the
literature that adaptation is needed to cope with current
and future changes in the climate. Successful adaptation
in the agricultural sector is needed to meet future de-
mands on food production® and help vulnerable com-
munities cope with changes to their livelihoods [7, 19].
In the climate adaptation literature, vulnerability is
mentioned and addressed in 68% of the studies, indicat-
ing its importance to understanding community needs
for climate adaptation. Rather than assessing vulnerabil-
ity in the context of understanding the potential for a
climate conflict link, it is understood in the context of
climate adaptation needs and constraints. Hassan and
Nhemachena [20] assert that vulnerability to climate
change is high in many African communities as their
adaptive capacities are low. This is largely because cli-
mate change is expected to adversely affect food and
water resources that are essential to the livelihoods of
such communities. Here, adaptation can help achieve
the livelihood goals of farming communities in the face
of vulnerability to climatic changes [20]. Bryan et al. [7]
confirm this assertion, stating that adaptation measures
taken by rural agricultural communities can help them
manage and adjust to the negative effects of climate
change, thereby reducing their level of vulnerability to
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environmental changes. Relating to the direct effects of
climatic changes, vulnerability is better understood as
crop and livestock susceptibility to climatic changes [59].
In analysing the vulnerability of the West African Cocoa
belt, Schroth et al. [49] point out how past increased
warming and drought periods have severely reduced
cocoa production, and fears of future projected
temperature increases, and rainfall variability are renew-
ing these concerns. Overall climate suitability for cocoa
in West Africa is projected to decrease, with low and
intermediate zones of climate suitability decreasing
throughout the cocoa belt. This will present a challen-
ging future for many agricultural communities in the re-
gion, where 70% of the world’s cocoa is produced [49].

Agricultural communities that incorporate or focus on
livestock exclusively experience such vulnerabilities too,
where livestock are susceptible to increases in disease out-
break, weight loss and reductions to their natural environ-
ments and food sources [50]. Oyekale [38] for example,
primarily assesses the impact of climate change on live-
stock among farming communities in the Sahel region,
noting livestock husbandry is extremely vulnerable to
drought. The author concluded that goat, sheep and oxen
were the most at threat, often from pests and diseases.
Here the author noted that such animals are often used as
a form of wealth storage. By being sold off during times of
drought, the animals will often act as a buffer to minimize
harmful effects of drought [38].

From the above, vulnerability is understood in a com-
paratively similar sense to the understanding presented
in the previous section on the climate-conflict nexus -
vulnerability as physical exposure. In Schroth et al’s.
([49], 232) analysis of cocoa in West Africa, the authors
describe vulnerability to climate change as the “combin-
ation of exposure (the nature and extent of climate
change) and sensitivity (the impact of this change on
local systems, here cocoa)”. Schilling et al. [48] confirm
these aspects of exposure and sensitivity. For their
analysis, the authors assess sensitivity in the context
of natural resource availability and the importance of
these resources in North African states. Schilling
et al. [48] assess water availability as perhaps the key
natural resource that the agricultural sector is most
sensitive to. All North African countries used in their
analysis are either termed as water stressed or scarce.
This is a notable issue when it is taken into account
that 90% of Moroccan land for example (2012 at the
time of publication), rely on rainfed water sources,
with precipitation likely to generally decrease with
temperatures increasing. For the studies identified in
this SLR for climate adaptation, rainfall variability was
assessed in 68% of the studies. Warming and drought
was looked at in 63 and 31% of the studies
respectively.
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A focus on exposure and sensitivity with regards to
vulnerability and needs for adaptation, alludes to the
position that farmers need only direct their adaptation
efforts where climate change and variability is con-
cerned. For example, developing drought resistant crop
varieties, or introducing multiple crops to reduce the in-
creased vulnerability experienced through mono crop-
ping [59]. However, it is important to understand how
these farming communities become vulnerable, thereby
affecting their capacity to adapt. Schilling et al. [48],
through illustrating a third component of vulnerability,
adaptive capacity, refer to ‘generic adaptive capacity’
which concerns the general factors and indicators such
as economic development, education and healthcare.
Schilling et al. [48] also illustrate ‘specific adaptive cap-
acity, which are those indicators specific to an impact,
which might include institutional performance, know-
ledge and technological development.

Understanding the complex and numerous factors that
undermine a community’s capacity or institution’s cap-
acity to adapt, is key to understanding the vulnerability
of such communities to climatic changes. It goes beyond
an understanding of how these communities are affected
by these changes (exposure and sensitivity). The follow-
ing section will further explore this complex
relationship.

Vulnerability relating to other factors

Whilst the previous section addressed vulnerability re-
duction through various methods of farm level adapta-
tion, crop diversification and mixed-use farming among
others, as direct actions to manage the impacts of cli-
mate change, what follows will address general and spe-
cific indirect factors that increase vulnerability to
climate change. Hassan and Nhemachena [20] assert
that vulnerable African farmers need support from pub-
lic policy initiatives and investment to enhance their
capacity to adapt to climate change. In assessing adapta-
tion of cocoa to climate change, Schroth et al. [49] out-
line the necessity for government policies to guide and
encourage adaptation measures such as the intensifica-
tion of cocoa farms. Bryan et al. [7] illustrate the need
for government intervention to assist with guiding the
adaptation process, particularly in balancing what the
authors refer to as ‘strategic adaptation’ of the agricul-
tural system. This involves balancing the benefits of cop-
ing with short term climate effects and adapting to long
terms ones to best manage impacts and ensure that no
harm in the process is created. This points to accounting
for pre-existing vulnerabilities, potentially those that are
structural within a community [21]. Ozor, Urama and
Mwangi [56] outline the presence of multiple stressors
which significantly enhance climate related vulnerability,
and which have constrained community development,
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such as poor governance, poverty, lack of market access
and low technological development. Clearly there are
many factors which influence the agricultural system, ei-
ther helping or hindering the process. It is important
then to consider the scale of analysis for adaptation
whether that be at the level of the farm, local govern-
ment, state or international institutions [7]. Those iden-
tified in this SLR consist of the local community or the
farm level as outlined earlier. With the aim of improving
adaptive capacity at the household and farm level, Nhe-
machena, Hassan and Chakwizira [34] point to the need
for government policies to support research and devel-
opment that supply farmers with the appropriate tech-
nology, the enhancement of crop development,
provision of climate information as well as financially
supporting specific adaptation measures such as
irrigation.

In measuring farmer perceptions to climate change,
Mertz et al. [32] contend that climate related factors,
notably precipitation and temperature changes, play a
limited role (30%) in determining adaptation, relative to
other factors. This leads the authors to assert that focus-
ing adaptation strategies to reduce vulnerability exclu-
sively on climatic variables, would not be sufficient [32].
Urama and Ozor [56] point to a lack of income, lack of
government support and absence of reliable institutions
to assist in providing the necessary capacity to adapt.

Referring to adaptive capacity as outlined earlier, Schil-
ling et al. [48] point to several general indicators in iden-
tifying Morocco as the most vulnerable in their analysis
of North Africa. The authors state that in looking at eco-
nomic wealth and resources it is important to consider
distribution as opposed to per capita income only. Hu-
man development, health and education are the
remaining indicators used in identifying Morocco with
the lowest adaptive capacity [48]. In identifying specific
indicators of adaptive capacity, the authors refer to insti-
tutional performance, of which the level of corruption is
a key indicator, as well as the availability of knowledge
and new technologies [34, 48]. A combination of high
exposure to climate change, high sensitivity and low
adaptive capacity is argued to constitute a highly vulner-
able community to the effects of climate change [48].
Nhemachena, Hassan and Chakwizira [34] refer to evi-
dence from their analysis of farmers from South Africa,
Zambia and Zimbabwe as to their perceptions of adapta-
tion determinants, lending credence to the importance
of ‘specific’ adaptive capacity. Their research looks at re-
sponses of farmers, highlighting the need for increased
credit, access to information (both climate and agro-
nomic) and increased market access, to increase their
adaptive capacity [28, 34]. As noted in the
climate-conflict section previously, it is important to
note again that vulnerability relating to factors other
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than climate change (adaptive capacity) should not been
seen as necessarily separate from what are identified to
be barriers to implementing adaptation strategies. In-
deed, barriers to adaptation are what can cause or con-
tribute to a system having a low adaptive capacity. For
example, political and geographical marginalization is a
barrier to farming communities attaining the govern-
ment assistance they need [34]. It may be the case that
some authors choose to (or choose not to) frame their
analysis in the context of analysing barriers to adaptation
and vulnerability specifically through the frame of adap-
tive capacity. As stated before, authors such as Schilling
et al. [48] who do this, could attain a better or at least a
more detailed understanding of how communities be-
come vulnerable and what their future adaptation needs
are.

Considering the above, it is of clear value to take into
account the broader spectrum of variables that consti-
tute a thorough understanding of ‘vulnerability’ and
what constitutes its occurrence. Recognizing the import-
ance of how communities are endowed with, or develop,
a low adaptive capacity [48], illustrates the need for
comprehensive adaptation needs that account for this
complex interaction of variables, rather than focusing on
adaptation responding only to climatic variables [32].

Recommendations to enhance adaptation

Of the papers identified in this SLR, 79% offer sugges-
tions and policy recommendations for future adaptation
initiatives. Recommendations are represented as total
number of mentions in Fig. 4.
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Figure 4 represents the major adaptation strategies rec-
ommended in the literature. According to the data col-
lected in this SLR, 33% of adaptation recommendations
are focused on farm level adaptation which centres on the
physical or the ‘exposure’ and ‘sensitivity’ aspects of vul-
nerability. However, most recommendations, 67%, centre
on the ‘adaptive capacity’ aspect of determining vulner-
ability to climate change. In other words, such suggested
adaptation strategies centre on factors which describe how
a community becomes vulnerable through reducing their
capacity to adapt to climate change. This lends support to
the previous section in understanding the importance of
how this complex interaction of factors, other than cli-
mate change, determine to what extent a community is
able to adapt to the adverse impacts of climate change.
Similarly, this correlates well with what was illustrated in
the climate-conflict literature, where it is paramount to
consider variables other than climatic indicators that in-
fluence an increased conflict risk. This link between the
two bodies of literature will be further explored later in
the analysis.

Summary of results and discussion

The purpose of this SLR was to review the literature on
climate change and violent conflict (climate-conflict
nexus) and climate change adaptation (climate adapta-
tion) to uncover links between the two fields. Specific-
ally, the aim was to discover how such links might
inform future research and policy on how climate adap-
tation can contribute to the prevention of violent
conflict.

B Crop diversification

Livelihood diversification

W Increase capacity of small farms

M Rainwater harvesting

Fig. 4 Recommendations for future adaptation measures

B Crop intensification

M Increase access to new technologies M Increase extension and credit services
M General socio-economic development

B Genitically modify crops

Increase market access
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This SLR has revealed that there are prominent links
between the climate-conflict field of research and the
field of climate adaptation, and these links do inform
how further research should be conducted into the no-
tion of climate adaptation as conflict prevention. This
section will summarize and discuss in depth the relevant
gaps in the literature as well as what is known and how
the key research aims are informed.

Summary of key findings and key research gaps
Group/land use types

With regards to group/land-use types studied, the
climate-conflict nexus has notable difficulties with re-
spect to classifying those explicitly involved in violent
conflict or those who are seen to be part of the causal
links. Earlier quantitative comparative studies often fo-
cused on civil war and civil conflict, making state actors
or large rebel groups the key actors involved in conflict
[13, 17, 22]. Here, the agricultural sector would often be
seen to be playing a mediating role in conflict as many
African economies had large contributions from the
agricultural sector, which are mostly subject to natural
climatic cycles. However, as identified earlier there is a
lack of clear and consistent identification of group types
involved in conflict as well as how the agricultural sector
and communities are a part of the causal links, thereby
indicating a gap in the research. This conclusion is sup-
ported by the fact that in contrast to the climate-conflict
studies, the land-use and groups studied in the climate
adaptation literature are all clearly defined within the
agricultural sector, with ‘crop based’ farms being the
most studied at 44% of studies (refer to Fig. 3 for de-
tails). This clarity enabled the researchers to clearly
identify adaptation needs appropriate to a given context.
Importantly for this SLR, it enabled researchers to iden-
tify with greater certainty how identified groups are vul-
nerable, what constitutes their vulnerability and how
their adaptive capacity can be increased. As has been
demonstrated in both fields of literature and particularly
in climate adaptation studies, increasing the adaptive
capacity of an identified agricultural community reduces
the impact of climatic and environmental changes. This
process clarifies the link between the two fields of litera-
ture and makes evident the potential for adaptation to
reduce conflict risk of an identified agricultural
community.

Considering the above and to clarify the finding for
this section, future research into climate adaptation as
conflict prevention should make use of sub-national dis-
aggregated data whilst outlining a specific group/land--
use type. Doing so will assist in outlining where and
what groups will experience increased conflict risk and
therefore how adaptation might reduce this risk for vio-
lent conflict.
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Understanding vulnerability as it relates to climate change
For this paper, vulnerability was separated into two
broad understandings, vulnerability relating to climate
change and to other variables. In both fields of research,
climate-conflict and climate adaptation, vulnerability as
relating to climate change was understood as how the
studied groups are physically vulnerable to the negative
impacts of climate change. Fjelde and von Uexkull [58]
interpreted this as physical exposure, meaning how a
community is affected by climatic changes such as
drought or rainfall variability. Ide et al. [25] extend this
understanding by also referring to sensitivity, which in-
cludes the degree to which a community is likely to be
affected by such changes.

While vulnerability is mentioned in most papers in
both fields of research, exposure and sensitivity (as as-
pects of vulnerability) are only explicitly explored in 5%
and less than 20% of studies in the climate-conflict and
climate adaptation literature respectively. Rather, in both
the climate-conflict and climate adaptation literature,
these aspects of vulnerability are often explored in terms
of the climatic changes themselves (ie drought, warm-
ing), without necessarily referring to these changes in
the context of sensitivity and exposure. This indicates
that these aspects of vulnerability can also be referred
to as those climatic changes that are theorized to be
a part of a climate-conflict link and in the climate
adaptation literature, the climatic threats to crop
production for example. Yet, due to the importance
of illustrating vulnerability through exposure and sen-
sitivity, rather than just physical impacts, the small
number of studies that do so illustrates a gap in the
literature.

With respect to the climate-conflict literature, vulner-
ability is often characterised by the dependence of local
agricultural communities on the natural resources in
their environment. This is where disruptions to the reli-
ance of agricultural communities on their local environ-
ment are changed, either through increasing the scarcity
or the abundance of natural resources, and how this can
lead to an increased risk of violent conflict [14, 22, 27,
31]. And in the climate adaptation literature, this under-
standing of exposure and sensitivity assisted Schroth
et al. [49] to identify specific vulnerabilities, barriers to
adaptation and importantly, appropriate adaptation mea-
sures that focused on reducing the negative climate im-
pacts on cocoa in the West Africa region. Identifying
physical vulnerability through exposure and sensitivity
can enhance our understanding of how climatic impacts
can be reduced for an identified agricultural community,
vulnerability becomes a clear link between the fields of
research. Identifying the exposure and sensitivity of a
community/group type, has clear benefit in the climate
adaptation literature in illustrating how the physical



Pearson and Newman Sustainable Earth (2019) 2:2

vulnerability can be reduced, and hence how conflict risk
can be reduced.

The concept of vulnerability was thus the key link un-
covered in this SLR between the two fields of research.
Understanding this concept can inform future research
on climate adaptation as conflict prevention. Thus, the
paper develops this insight further and later posits the
importance of a Vulnerability Model.

Understanding vulnerability as it relates to other factors
Understanding the third aspect of vulnerability, namely
adaptive capacity, accounts for the multiple variables
that increase the risk for climate related violent conflict
and those factors which reduce the capacity for agricul-
tural communities to adapt to climate change.

Most authors do not stress the importance of adaptive
capacity as an indicator of vulnerability in the climate
conflict literature (less than 15% do so). In the climate
adaptation literature, it is done more frequently (60% of
studies). However, only one study in each field used the
elements of exposure, sensitivity and adaptive capacity
(it is beyond thescope of this SLR to evaluate this impact
on the climate adaptation literature, as this paper is fo-
cused on the climate-conflict debate and conflict preven-
tion). The variables that are assessed are most often
referred to as the variables themselves, for example Ra-
leigh and Kniveton [42] assert that the effect of climate
on violent conflict is mediated by various economic and
political variables.

Addressing the three elements of vulnerability was
best illustrated by Ide et al. [25]. Here, the author’s
stated intention was not for their analysis to serve as an
explicit attempt to add to the quantitative comparative
literature in the manner of finding a statistically signifi-
cant link, but rather to serve as a risk assessment for
where conflict might occur. It nonetheless adds to the
debate in how to theorise a causal pathway. In the cli-
mate adaptation literature, a similar approach in outlin-
ing exposure, sensitivity and adaptive capacity was
illustrated by Schilling et al. [48]. Considering that these
two above mentioned analyses are the only ones to fol-
low this outline, demonstrates a clear gap in the litera-
ture. Specifically, this presents a gap for future studies
aiming to theorize how climate adaptation could prevent
and reduce the risk of future violent conflict occurring.

Ide et al. [25] assert that adaptive capacity is the ability
of a community to change so that it can cope with the
negative impacts of climate change (referring to expos-
ure and sensitivity). This suggests it is necessary to look
for factors which decrease the capacity of a system to
adapt to changes in the environment when attempting
to link climatic changes to conflict as set out in Fig. 1.
Ide et al. [25] also point to other localized indicators that
decrease adaptive capacity, such as low access to health
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care and related daily necessities such as food and water
consumption, as well as low levels of education. Such in-
dicators are basic requirements for providing people in
vulnerable communities (agricultural in the case of [25])
with the ability to cope and manage adverse impacts of
climate change and find alternative means of living if ne-
cessary. Crucially, Ide et al. [25] also account for vari-
ables that constitute a general risk for violent conflict, as
included in the CRI in modelling conflict risk at the sub-
national level. Thus, a focus on climatic indicators/vari-
ables (increasing temperatures for example) and their
direct impact on a system (the agricultural system/com-
munities for example) in the climate-conflict literature,
can lead to the impression that there are relatively sim-
ple and direct causal links between climate change and
violent conflict. However, this is clearly contested in the
literature, where, if such a climate causal link exists, it is
asserted to be mediated by a multiplicity of other vari-
ables [10, 11, 54]. One example in search of a
climate-conflict link follows Thiesen, Holtermann and
Buhaug [54], who assess rural communities experiencing
political and ethnic marginalization, which are factors
that increase their vulnerability to climatic changes.

Hence, as was explored in the ‘Result Synthesis’ sec-
tion, adaptive capacity can be seen to account for these
multiple variables in fully understanding the indicators
of vulnerability, and how this informs what and where a
climate conflict link might occur. It is therefore import-
ant to consider those factors which could be seen to
constitute a general risk of violent conflict. Such factors
may not overlap with those variables which are seen to
mediate the impact of climatic changes as previously
outlined (refer to footnote ten).

A benefit that the extant adaptation literature holds over
that of the climate-conflict, is the ability to perform micro
analyses of a community’s vulnerability, partly due to iden-
tifying specific group types for study more often, as well as
for collecting highly granular data for analysis, often at the
household level. In such cases, more detail can be gained
with regards to a community’s sensitivity to climatic
changes, as well as what constitutes/contributes to their
inability to adapt to climate change, such as barriers to
adopting rain water harvesting tanks, diversifying of crops
and livelihoods among others [29, 49]. This addresses, at
least in part, that micro-level economic factors in general
and aspects of vulnerability are not well understood in re-
lation to increasing conflict risk [58].

In the climate adaptation literature, adaptive capacity
and vulnerability are rather understood in the context of
assessing, among other aspects, future needs for adapta-
tion; thus adaptive capacity can be specifically under-
stood as those variables that inhibit the potential for a
community (refer to Fig. 3) to adapt to the negative im-
pacts of climate change. For example, Mertz et al. [32]
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assert that, due to the more limited role that climatic
factors have played in determining past adaptation mea-
sures (30% by their analysis), it is imperative to account
for alternative factors in determining adaptation needs.
At the structural level, Hassan and Nhemachena [20]
outline the need for public policy initiatives and invest-
ment to enhance the adaptive capacity of farmers and
Scroth et al. [49] illustrate the need for government pol-
icies to support farming intensification in the West Afri-
can Cocoa belt. Schilling et al. [48] more specifically
refer to elements of adaptive capacity and in doing so
are able to better understand adaptation needs of the
agricultural sector across North Africa where they focus
on Morocco. In identifying specific indicators of adaptive
capacity, the authors refer to institutional performance,
of which the level of corruption is a key indicator, as well
as the availability of knowledge and new technologies.
Schilling et al. [48] also illustrate several general indica-
tors of adaptive capacity. The authors state the import-
ance of looking at the distribution of economic wealth
and resources, also noting human development, health
and education, as indicators used to identify Morocco
with the lowest adaptive capacity.

As illustrated above, there is a clear demonstrated
value in recognizing how identifying elements of adap-
tive capacity can enhance the ability of a community to
reduce the climatic impacts on agricultural and pastoral
systems for example. Here a bridge in common under-
standing is observed between the two fields of literature.

Therefore, through accounting for the variables relat-
ing not only to exposure and sensitivity, but adaptive
capacity as well, a more thorough understanding is
reached as to how climate adaptation can prevent and
reduce the risk for violent conflict.

Implications for future quantitative comparative research
This SLR confirms the current consensus that any causal
links between a changing climate and conflict are medi-
ated by number of socio-economic and political factors.
Here we suggest that future quantitative comparative
studies seeking to find such causal links would benefit
by drawing variables for quantification from the previous
illustrations of vulnerability, as well as with a focus on a
specific group type, namely agricultural communities.
This has been explored in more detail in the next
section.

Studies that consider the specific aspects of vulnerabil-
ity and which have attempted to outline a group type,
have thus been able to narrow plausible outcomes or
causal pathways to where a causal link may occur, for
example [25, 27] or conversely, to be able to discount a
climate-conflict link [5, 9, 10]. The benefit of outlining a
specific group type and extant aspects of exposure, sen-
sitivity and adaptive capacity, was also demonstrated in
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the climate adaptation literature. Schilling et al. [48]
could assess those agricultural communities most vul-
nerable to climate change in North Africa (Moroccan
agricultural communities), and thus the appropriate fu-
ture adaptation initiatives that would affect growth in
their resilience to the negative impacts of climate
change. In addition, by using fine grained data often at
the household level, studies in the adaptation literature
were also able to better understand factors at the micro
level which influence an identified community’s propen-
sity for conflict as well as their ability to adapt to climate
change, a need expressed by von Uexkull [58]. Thus, as
a reiteration, it is suggested here that future quantitative
comparative research in the climate-conflict nexus
should clearly outline the group type/community stud-
ied, whilst simultaneously identifying the factors and
variables which constitute a group’s vulnerability to cli-
mate change specifically through identifying aspects of
exposure, sensitivity and adaptive capacity.

Peacebuilding and climate adaptation recommendations

In referring to Appendix (column six, policy recommen-
dations), it is worth briefly summarizing the significance
of the shared policy recommendations between both
fields of research, for the key aims of this SLR, and the
conflict prevention potential existing in the adaptation
policy recommendations. In the climate-conflict litera-
ture the peacebuilding recommendation mentioned the
most was ‘better governance/political variables, with
broad political variables having the potential to reduce
the conditions for violent conflict to develop [31]. Ra-
leigh and Kniventon [42] point to the need for better in-
stitutional management of communal conflict in arid
and semi-arid lands where political marginalization is
often high. Recommendations relating to ‘economic de-
velopment/variables’ are also seen to be significant,
where some assert that broad economic and market de-
velopment could mitigate conflict risk [10, 31].

There is clear overlap in policy recommendations in
the climate adaptation literature and potential for con-
flict prevention. The importance of governing intuitions
to increase market access, increase access to extension
and credit services, to build resilience and increase adap-
tive capacity of agricultural communities [7, 56]. In the
adaptation literature, the need for increasing market ac-
cess is corroborated by Schilling et al. [47], who ob-
served the difficulties that basket weavers face in
pastoral communities when trying to diversify their live-
lihoods in response to drought, thereby highlighting ‘in-
creasing market access’ as potential conflict prevention
option. There is also conflict prevention potential in a
number of other adaptation policy recommendations,
such as crop diversification, introducing livestock into
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crop-based communities (and vice versa), increasing
farm technologies and assets, which can reduce a com-
munity’s physical exposure and sensitivity as identified
in the climate-conflict literature by Ide et al. [25], Fjelde
and von Uexkull [18] among others.

As is evident in Appendix, there is also signifi-
cance in the fact that the ‘non-climatic variables’
can also be seen as barriers to adaptation, as it is
noted in the adaptation literature that such factors
hinder the capacity for communities to adapt to a
changing climate. Here there is clear overlap be-
tween the two fields of research, where factors con-
cerning ‘socio-economic’ variables, ‘governance, and
‘economic growth’ are shared. This suggests that
whilst addressing the policy recommendations in
the adaptation literature, as those factors which
largely concern increasing the capacity for commu-
nities to adapt to climate change, conflict risk can
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simultaneously be reduced. And as von Uexkull [58]
pointed out, this is a no regret approach as ad-
dressing such policy recommendations would reap
broader economic and developmental benefits for
rural and agricultural communities.

A vulnerability model for future research

This SLR has revealed that adequately understanding el-
ements of exposure, sensitivity and adaptive capacity,
can assist in finding potential causal pathways in the cli-
mate conflict debate. It also signifies what reduces the
capacity of communities to adapt to climate change,
thereby highlighting future adaptation needs. If indeed
this significance bears out, as is noted through the dis-
cussion section in this SLR, then there is clear signifi-
cance for the first key aim of this paper in identifying
links between the climate-conflict and climate adapta-
tion literature. And the suggested Vulnerability Model,

violent conflict

Low levels of economic
growth.

Medium levels of
democracy.

Low levels of development.

High populations and recent
conflict and tensions.

I.D a group type, in this case, an Identify factors that enable
Decreased agricultural community. adaptation among communities.
rainfall
Ex o‘sure . Dependence on - Better
P & access to Adaptive governance.
/ \ natural resources capacity
Warming  Drought vital for
agriculture. Economic
development.
Assess impact of climatic Reduce political
changes on the group/the & ethnic Access to
degree to which the group is marginalization. technology.
affected by climate change.
Reduced overall vulnerability.
General risk for

.

Fig. 5 The Vulnerability Model. represents a visualization of the ‘vulnerability pathway’ which serves to identify factors which can, if addressed,
reduce the risk of violent conflict through identifying what influences the adaptation needs of an agricultural community
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illustrates how future research can empirically quantify
where future conflict risk can be reduced. Figure 5 out-
lines this by using the vulnerability lense of exposure,
sensitivity and adaptive capacity with clearly identified
actors/communities as well as indicators of a general
risk for conflict. Whilst Ide et al. [25] used the frame-
work of this model as a spatial risk assessment for future
conflict we are suggesting here that future research into
climate adaptation as conflict prevention should in the
least aim to assess regions through this lens. We are
suggesting an additional new use for this Vulnerability
Model where it could be applied quantitatively to
spatially assess regions for where adaptation is needed to
reduce the impact of climate change as well as reduce
conflict risk. The Vulnerability Model in Fig. 5 suggests
how exposure, sensitivity and adaptive capacity can be
measured and analysed. In so doing, a study could assess
what and where a climate-conflict link might occur and
what adaptation initiatives would be most suitable to
prevent potential violent conflict that is seen to be re-
lated to climate change as well as fulfilling climate adap-
tation objectives.

Both the climate-conflict and climate adaptation litera-
ture suggest that assessing variables for exposure and
sensitivity would differ little if at all. Indicators for ex-
posure would be the climatic variable used, the com-
monest in both fields of research are rainfall variability,
warming and drought. Taking the example of Ide et al.
[25], indicators used for sensitivity and adaptive capacity,
were centred around household and community vulner-
ability, governance/political vulnerability and population
density. However, there is less certainty about the vari-
ables which reduce the adaptive capacity of agricultural
communities, thereby highlighting the needs for adapta-
tion or else there will always be an association between
climate change and an increased risk of violent conflict.
Therefore, those variables included in Fig. 5 for expos-
ure, sensitivity and adaptive capacity are shared among
both fields of research. In following this model for future
studies, it is also suggested here to follow the example of
Ide et al. [25], by including factors that are seen to con-
stitute a general risk of violent conflict, notably low eco-
nomic growth, medium level of democracy, low levels of
development, recent conflict events and large popula-
tions. How these various variables are operationalized
and what specific data is used is the basis of future
research.

The Vulnerability Model, seen in Fig. 5, for assessing
climate change vulnerability, has functional significance
for empirical testing in two respects. First, that future
quantitative comparative research seeking to uncover
the potential for climate adaptation as conflict preven-
tion, should begin by analysing risk factors for where
violent conflict might occur that is seen to be causally
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related to climate change. Such future research, as dem-
onstrated by Ide et al. [25], should progress by including
variables for exposure, sensitivity and adaptive capacity,
enabling researchers to understand the complexities in-
volved, particularly those concerning the factors that
mediate the impact of climatic variables. Secondly and
simultaneously, this model can function to identify adap-
tation needs that could respond to the direct impact of
climate change, thereby reducing any direct impact that
climatic variables have on increasing conflict risk. And,
as the evidence explored suggests, including data for the
third stage would allow a study to gauge what factors in-
crease adaptive capacity, thereby highlighting the adapta-
tion initiatives that would best assist a community in
responding to, and managing, the impacts of climate
change. This duality in the Vulnerability Model was evi-
denced in the shared understanding of vulnerability in
both fields of research. It was further evidenced earlier
(with reference to Appendix), where shared policy rec-
ommendations were highlighted, and specifically how
there is conflict prevention potential existing in the
adaptation policy recommendations that were outlined.

A focus on the phases of exposure and sensitivity has
the benefit of enabling researchers to clearly identify
how climatic variables in themselves directly impact an
agricultural community. Including the third phase has
the benefit of clarifying how the impacts of exposure
and sensitivity are mediated by factors relating to adap-
tive capacity, enabling a complete understanding of the
influences on conflict risk and adaptation needs.

Future studies following the framework of Fig. 5 would
be predictive in that the framework assists in outlining
future conflict risk and potential for adaptation. The
Vulnerability Model identified from this SLR (Fig. 5) is
significant for future studies as it draws out the import-
ance of vulnerability as a shared concept in both fields
of literature, and importantly it highlights how future
studies can empirically investigate the potential for cli-
mate adaptation in reducing future conflict risk, thereby
filling existing knowledge gaps in this field.

Conclusion

This paper, based on an SLR of 46 articles centred on
the climate-conflict and climate adaptation fields of re-
search, has revealed a pattern and a key link between
them that supports the aim of assessing the potential for
climate adaptation to function as a pathway to conflict
prevention. The systematic methodology inherent in the
SLR revealed the concept of vulnerability as a key in the
literature to understanding how future research into cli-
mate adaptation and conflict prevention should progress.
There are three integral aspects within this vulnerability
concept shared by both fields of literature: exposure,
sensitivity and adaptive capacity. These were then used
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to demonstrate a Vulnerability Model that could be used
for quantitative analysis leading to the prevention or re-
duction of conflict risk that is causally related to climate
change.

The paper demonstrates the connection through vul-
nerability between the two fields of research, by
highlighting barriers to adaptation and shared policy rec-
ommendations which often highlight variables relating
to adaptive capacity, demonstrating the conflict preven-
tion potential in such extant adaptation policy
recommendations.

Though simple, this Vulnerability Model considers
the various factors that mediate the impact of cli-
matic variables on a given agricultural community
and the risk for violent conflict occurring. Simultan-
eously, the model allows researchers to gauge what
variables influence the needs to enhance the capacity
of such a community to adapt to and build resilience
in the face of climate change. The significance of this
model lies in the potential for future researchers to
better understand the variables that need to be
accounted for in assessing where and when future
violent conflict might occur, whilst simultaneously
allowing for an assessment of appropriate adaptation
options and initiatives that could contribute to the
prevention of such violent conflict. This follows the
example of studies that are predictive in nature,
assessing the various risk factors associated with in-
creased violent conflict risk, notably that of Ide et al.
[25]. The fact that the studies presented by Ide et al.
[25] and that of Schilling et al. [48] were the only
two identified in this SLR as having specific relevance
to developing a framework for vulnerability, presents
a gap in the literature as stated in the body of this
review. The Vulnerability Model specifically contrib-
utes to the filling of this gap. Thus, future researchers
who are interested in the notion of how climate
adaptation can contribute to conflict prevention and
risk reduction, would benefit by following the frame-
work of the Model. It is also worth noting that after
reviewing the literature, and thus illustrating the evi-
dent complexity inherit in the growth of conflict, es-
pecially in a climate context, the total prevention of
conflict in not likely. Thus ‘climate adaptation as con-
flict mitigation and risk reduction’ is perhaps a more
appropriate view to take.

Whilst this review has focused on the conflict preven-
tion potential in climate adaptation, it is important to be
aware of the potential for adaptation efforts to aggravate
existing tensions and conflicts as suggested by Bob,
Bronkhorst and Sala [6].

The importance of adaptive capacity (the third import-
ant element of the Vulnerability Model) has potential
policy implications aside from informing future research
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in this field. Policy makers and state institutions have a
significant role to play in increasing the adaptive cap-
acity of agricultural communities to adapt to climate
change. These can include education and climate change
awareness, increasing the economic development of
rural and isolated agricultural areas in order to broaden
the number of alternative livelihoods available and in-
creasing market access. Such policies are valuable in
themselves but can now be seen to also reduce violent
conflict risk.

Endnotes

"The body of literature in the context of ‘conflict pre-
vention and peacebuilding’ remains vast. In saying that,
the use of ‘conflict prevention’ in this paper draws upon
such literature. This literature underscores various ac-
tors that include the subnational, non-state and state
actors that are active in this process. For the purpose of
this paper, conflict prevention is taken to mean the pre-
vention and mitigation of the various forms of violent
conflict before its onset. This contrasts with intervening
in ongoing conflicts or post-conflict peacebuilding. For
the readers interest, refer to Ackerman [1] as well as
UNPD [55].

*There are less than five papers identified in the
climate-conflict literature in this SLR which pay mention
to the potential utility of adaptation, this too will be evi-
denced in the body of this review.

*Providing a full sample of these data points in a table
is not possible due to the amount of space required.
Thus, access to the mentioned data sheets can be pro-
vided by the corresponding author upon reasonable
request.

“The Uppsala Conflict Data Program (UCDP) and the
Peace Research Institute Oslo (PRIO) have collaborated
to produce a large dataset on armed conflict globally,
from the period of 1946 to the present day. For further
information, refer to the website, https://www.prio.org/
Data/Armed-Conflict/UCDP-PRIO/

®Ide et al. [25] refer to the research on the drivers’ civil
war onset, asserting that possible indicators for the gen-
eral risk of violent conflict are best noted in this litera-
ture. This research has produced the most elaborated
results and findings as to the causes for onset of violent
conflict. Notable indicators include: medium level of
democracy, low level of development, low economic
growth, large population and recent conflicts.

®Chapter eleven of the IPCC’s Fifth Assessment Re-
port, is dedicated to agriculture, forestry and other
land uses, one important reason for this dedication is
that this sector is responsible for just under a quarter
of the global anthropogenic greenhouse gas emissions.
Interested readers would benefit from viewing this
chapter (Smith et al. [52]).
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Author Non-climatic variables

Climatic variables

Group type/land use

Policy recommendations

Vulnerability assessed

Climate-conflict

1 [31. P, Geo

2 [5] M, G

3 [9] EG, EPM

4 [10] EG, EPM, P
5 [12] EG, EPM, G, PD
6 [11] EG G

7 [13] EG G

8 [14] G

9 [17] p

10 [15] G, Geo

1 [18] EG, EPM
12 [22] EG, G

13 23] EG, G

14 [25] EG G

15 [27] EG G

16 (30] EPM

17 [31] G

18 [37] EG, G, Geo
19 [36] EG, EPM, G, Geo
20 [41] EG, G

21 [42] P

22 [44] Mal

23 [47] EPM, P, G
24 [54] EPM

25 [53] P, PD

26 [58] ED, P, PD
27 [60] G

Climate adaptation

1 [4] 0

2 [7] SE

3 (19] 0

4 [20] SE

5 [21] SE

6 [28] SE

7 [29] 0

8 [32] SE, LB
9 [33] SE

10 [34] SE

11 [38] SE

12 [39] SE

13 [46] SE
14 [48] SE, G

W, D
RV, W
W, D
RV, D
RV, D
RV, W
RV, W

D

W

RV, W, D
Rv

RV

RV

RV, W
RV, W, D
RV, W
RV, V

RV, W

RV

W, D

W, D

RV, W
RV, W
RV, W

RV, W
RV, W
RV

RV, W, D
RV, W

RV, LD
RV, W
W, D

Pstrl

CB, Pstrl
cw

CB, Pstrl
cw

cw

cw

Pstrl

cw

cw

CB, Pstrl
Com
Com

CB, Pstrl
Com
Pstrl

Pstrl

CB, Pstrl
D

CB, Pstrl, U
CW, Com
Com
Pstrl

B

Pstrl

CB

CB, Pstrl, U

CB

D

B

CB, MC, MU
U

B

B

MU

B

MU
Pstrl
CB, Pstrl
CB, Pstrl
CB, Pstrl

G (local intuitions)
0

AA

DL, EG, CDW, AA
0

AA

IMA, EG, RP, AA
0

0

0

0

DL

IMA, G

0

G, SG

DL, IMA, AA
EG G, SE

0

0

G

G, SE

0

EG, RM, G (local institutions), AA

0
0
AA
G

DC

DG IEC, IC
Cl, GM

DC, Tech, IEC
ISD

RWH, CI

RWH

0

DC, ISD

DC, Tech, IEC, IC
IMA, IEC

IC

0

IC

No
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
No
Yes

Yes

No
Yes
No
Yes
Yes
No
No
No
Yes
Yes
No
Yes
Yes

Yes
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Author Non-climatic variables Climatic variables Group type/land use Policy recommendations Vulnerability assessed
15 [49] 0 W, D SC DC, DL Yes
16 [50] 0 RV, W CB, Pstrl, MU MU (integrated farming) Yes
17 [51] SE, FS RV CB IEC, IC Yes
18 [56] D RV B Tech, IEC Yes
19 [59] SE, G RV, D B DG, IEC Yes

#Appendix A Key: Economic growth = EG, socio-economic = SE, food security = FS, ethno-political marginalization = EPM, poverty = P, population density = PD,
governance = G, geography (distance to settlements, boarders, roads) = Geo, malnutrition = Mal, livelihood based = LB. Rainfall variability = RV, warming = W,
drought = D, land degradation = LD, vegetation (density change) = V, natural disasters = ND, extreme weather = EW. Crop based = CB, single crop = SC, mixed
crop = MC, mixed use = MU, pastoral (includes livestock for adaptation literature) = Pstrl, civil war = CW, urban = U, communal = Com, ill-defined = ID, not suffi-
ciently analyzed = 0. Diversify livelihoods = DL, increase market access = IMA, reduce poverty = RP, reduce marginalization = RM, stabilize governance = SG, con-
flict and disaster warning systems = CDW, agricultural adaptation = AA, diversify crops = DC, increase farm assets and technology = Tech, increase extension and
credit services = IEC, increase farm capacity = IC, institutional development = ISD, rainwater harvesting = RWH, genetically modify = GM, crop intensification = Cl,
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