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Abstract

The link between natural resources and conflict has been extensively analysed by the empirical literature. Yet, there is disagreement on both the existence and the type of relationship connecting resources to conflict. Existing research has focused on demonstrating the impact of resource scarcity or abundance on the risk of conflict but no effort has explored the reasons behind the persisting disagreement among scholars. This paper seeks to remedy this imbalance by conducting a meta-analysis of the empirical literature that investigates the link between natural resources and conflict. We adopt an econometric approach to analyse more than 900 estimates from 41 articles. Our results show that both resource scarcity and abundance are associated with a higher probability of conflict. The direction and magnitude of the relationship depends on the type of resources and whether climate variables are controlled for. Specifically, the impact of the scarcity of agriculturally-related resources, such as land and vegetation, seems to be mediated by climate variables. We also find that the way conflicts and resources are operationalized together with methodological choices and model specifications, greatly influence the probability of finding a significant relationship between conflicts and resources.
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1. Introduction



A vast empirical literature has attempted to uncover the effect of natural resources on the onset, duration, and intensity of armed conflict. The line of reasoning advanced by these studies centers around two main narratives; the ‘resource curse’ hypothesis, stating that the abundance of goods is connected to a higher likelihood of conflict, and the ‘resource scarcity’ theory, proposing that the scarcity of natural goods is associated with increased risk of violence. 
Yet, the mechanisms behind the resources-conflict nexus remain poorly understood and scholars do not concur about both the magnitude and the direction of this relationship. Differences in the results of the empirical studies may be primarily driven by the independent variable under investigation, as resources differ considerably for both their generative process (renewable or non-renewable), their use and applications for human life (from the essential worth of water, to the aesthetic and applied use of diamonds), their market value, or the extent and ease to which they can be expropriated, i.e. the so called lootability. Schematically, it is often assumed that the scarcity of renewable resources is associated with conflict, while the abundance of non-renewable resources is linked to violence (Koubi et al., 2013). However, a few relatively recent empirical and qualitative studies cast doubts on this distinction, concluding that the abundance of renewable resources leads to increased likelihood of conflict (Brown, 2010; Hendrix and Salehyan, 2012; Theisen, 2012). Moreover, the differences in results across studies cannot be exclusively attributed to the type of resource under scrutiny, as the articles considerably differ with regards to the method adopted, the controls introduced, the operationalization of the main regressors, the data sources, and methodological aspects which likely influence the strength and direction of the empirical estimates. Explaining the effect of these methodological differences may help us understand the reasons behind the lack of consensus within the resources-conflict literature and shed a light on the broad implications of different research designs and operational choices.
The present study is the first attempt to quantitatively systematize the empirical literature that links natural resources abundance/scarcity to armed conflict, and to assess the role of multiple factors, including climate conditions, in influencing this relationship. To this end, we conduct a meta-analysis of the literature on natural resources and conflict, and quantitatively examine more than 40 empirical researches with a view to clarifying whether there is evidence of a relationship between natural resource abundance or scarcity and conflict. The majority of these studies are concerned with civil conflict, defined as any incompatibility concerning government or territory, where the use of armed force between two parties, of which at least one is the government of a state, results in a minimum of 25 battle-related deaths in one year (Gleditsch et al., 2002). Some studies investigate lower-intensity forms of conflict, leading to at least one death in one calendar year (Sundberg and Melander, 2013). Therefore, in line with the main empirical literature under investigation, in our empirical model we focus on armed intra-state conflict, which include both civil conflict and lower-intensity forms of violence leading to at least one death per year. 
Extensive reviews have surveyed the literature on natural resources or more generally, environmental factors and conflict (Nillesen and Bulte, 2014; Mildner et al., 2011; Gleditsch, 2012; Cuvelier et al., 2014; Dell et al., 2014; Gleditsch, 2012) and a number of meta-regression analyses has recently addressed the literature on the climate-conflict nexus (Hsiang et a., 2013; Buhaug et al., 2014; Hsiang et al., 2014). However, these reviews are mainly qualitative in nature and do not provide a systematic explanation of why findings differ widely across studies, both as regards the magnitude and the direction of the resource-conflict relationship. To the best of our knowledge, only a recent meta-analytic study by O’Brochta (2019) has targeted the link between natural resource abundance and conflict. While our study is similar to O’Brochta (2019) in the methodology, we advance the literature by including all resource types (renewables and non-renewables) and different distributional patterns (scarcity and abundance) as a potential driver of conflict, to systematize the differences and commonalities across the empirical literature and delve deeper into the mechanisms and dynamics connecting natural resources to conflict. Moreover, our meta-analytic analysis enables us to quantitatively and systematically investigate the factors that influence the relationship between natural resources and violent outcomes. Not in the least, a major contribution of the present study is to analyse the role of climate in affecting the link between renewable natural resources and conflict. 
Although the literature on resources and conflict dates back to the 1980s, it has re-taken central stage in the academic debate in recent years, due to a growing interest on the security implications of climate change. A rapidly growing body of research investigates the impact of weather shocks and climate change-driven temperatures and rainfall anomalies, on the risk of conflict (Gleditsch, 2012; Hsiang et al., 2013; Hsiang and Burke, 2014; Hsiang et al., 2014; Buhaug et al., 2015; Buhaug, 2016). Climate change is likely to increase the probability of conflict via a number of indirect pathways, including through its influence on the availability and distribution of natural resources (IPCC, 2014). Moreover, the effect of climatic shocks will be more or less destabilizing according to the specific context they act upon (Koubi, 2019). In our quantitative review, we do not focus directly on climate-change related studies but aim to understand how resources are related to conflict and whether climatic stressors such as temperature and precipitation affect this relationship. This would help shed light on the complex interactions between climatic changes, natural resources, and conflict and clarify the influence of climatic variability on the resource-conflict nexus. 
The remainder of this paper is organized as follows; first, we review the main mechanisms leading from natural resource abundance or scarcity to conflict; section 2 presents the methodology and materials; while the final part summarizes the results and concludes. 

1.2 Linking natural resources to conflict risk

The relationship between natural resources and violent conflict – hereby defined as any episode of violence which leads to at least one death per year –  can be viewed in two stylized manners; one possible pathway links the scarcity of a resource to increased odds of violence; the other hypothesis, broadly known as ‘resource curse’, connects the abundance of natural goods to violent conflict. Schematically, reviews of this literature (e.g. Koubi et al., 2013) have associated highly profitable, non-renewable resources to the first pathway and renewable resources to the second type of mechanism.  Arguably, when reviewing this literature, we may be prone to think that studies that focus on abundance of natural resources and analyses of resource scarcity cannot be compared, as they examine incommensurable mechanisms and investigate various types of resources. However, the traditional assumption that conflict is linked to non-renewable resources through abundance, while renewables may have a destabilizing effect for societies only when they get scarce, is often contradicted by empirical evidence. In fact, the dynamics activated by abundance and scarcity of a resource often intertwine (Figure 1), and although the motivations behind conflict may differ according to the type of resource under examination, the mechanisms and pathways leading from natural resource abundance and scarcity to conflict are inherently interrelated. Generally, “neo-Malthusians” support the resource scarcity argument, neo-classical economists argue in favour of the resource curse, and political ecologists and ecological economists attempt to provide a broader explanation centered around the inequality in the access to resources (Figure 2). We illustrate the main mechanisms as follows.
First, the ‘resource curse’ hypothesis advances that resource-rich states can fail to take advantage of their natural goods wealth, and thereby tend to be characterized by slower economic growth, less economic stability and higher rates of conflict (Humphreys, 2007). Non-renewable resource rents may boost political corruption, encourage harmful extractive practices and enhance related “development pathologies” (Kahl, 2008, p. 15 - Figure 2). One possibility linking the wealth of profitable resources to conflict passes through the incentive to loot highly valuable goods, which would encourage profit-seeking strategies aimed to mobilize and fight for seizing the resources and take advantage of their rents. Arguably, marginalized groups would have lower opportunity costs of joining the fight, compared to the better prospect for personal enrichment (Collier and Hoffler, 1998; Collier et al., 2008) and the material reward promised by rebel leaders in exchange for joining the fight (Kalyvas, 2006). In this perspective, individuals will be prone to combat for “greed”, as opposed to the traditional motives of creed and need (Collier and Hoffler, 1998). Likewise, resource-rich states may have an incentive to operate according to “rentier logics”, leading to widespread corruption, lack of transparency, poor rule of law, and weak institutions (Fearon and Latin, 2003; Basedau and Lay, 2009; Ross, 2013; Bayramov, 2018). 
Also, resource-rich countries may be affected by the “Dutch Disease”, whereby highly profitable resource sectors can steal labour and capital from other economic sectors that could have positive externalities; they can induce inflation and appreciation of the exchange rate, which may in turn harm export-based manufactures (Mehlum, Moene and Torvik, 2006; Robinson, Torvik and Verdier, 2006) and slow economic growth (Sachs and Warner, 2001).
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Figure 1. Main pathways connecting natural resources to conflict risk.

Moreover, the wealth of renewable resources such as arable land, vegetation, livestock, crop production and water may be as well associated with higher likelihood of conflict. This is not surprising after all; when resources are deteriorated or scarce, the cost of fighting will not be compensated by the prospect of material reward or resource rents. In conditions of absolute scarcity, deprived individuals will lack the basic means and assets to sustain the costs of fighting and they will rather tend to find ways to support their livelihood (Brown, 2010; Hendrix and Salehyan, 2012; Theisen, 2012). 
[image: ]Conversely, when renewable resources are plentiful, individuals may perceive a higher incentive to seize them, in a quest to satisfy their needs, and not (or not only) their greed. Violent episodes such as cattle raiding will be especially likely to occur when pasture and water are abundant and the livestock is in good health, as individuals will be more prone to fight to secure a livelihood for their family and community (Witsenburg and Adano, 2009). Moreover, motivations to fight are likely to depend on individuals’ perception of their status quo, as community members will be more prone to resort to violent means to protect their assets and preserve their state when they are relatively better off, while they will be reluctant to bear the costs of conflict when they are left with few or nothing valuable to lose (Bell and Keys, 2016). Likewise, an extensive literature on ‘land invasions’ find that where arable land is relatively abundant, and especially in agriculturally dependent societies, individuals are more prone to engage in fights for seizing the land and obtaining a fairer allocation of the resource (Hidalgo, 2010). 
Figure 2. Summary of the main schools of thought within the literature on natural resources and conflict.

On the other hand, scarcity of renewable resources can also encourage political turmoil, especially when occurring in fragile contexts characterized by demographic pressures and economic insecurities (Raleigh and Urdal, 2007; Almer et al., 2017). 
Absolute or relative deprivation, driven by supply contraction and environmental degradation or by demand increase, may trigger competition of poor people over increasingly scarce resources and encourage intra-national conflicts, as well as rebellions against the government (Hauge and Ellingsen, 1998; Percival and Homer-Dixon, 1998). 
The scarcity of resources induced by demographic pressures or environmental changes are likely to increase inequality and societal fragmentation by widening the existing gaps between rich and poor and deteriorating economic conditions (Homer-Dixon, 1999). Resource scarcity can trigger agricultural collapses, increase food prices, trigger food crises, and livelihood deterioration and in many other ways result in a relative deprivation that produces or exacerbates pre-existing societal grievances (Theisen, 2017), especially in agriculturally dependent communities (Von Uexkull et al., 2016) or ethnically fractionalized societies (Von Uexkull, 2014; Schleussner et al., 2016). Especially in lack of viable economic alternatives, the livelihood deterioration induced by resource scarcity can in turn force outmigration from the most vulnerable areas, in a quest for better living conditions (Adger et al., 2015). For instance, Meze-Hausken (2000) shows that, in Ethiopia, household heads are likely to emigrate from dry areas as a response to drought-related famines and Feng and co-authors (2010) prove that a decrease in crop production is causally related with the decision to migrate from Mexico to the United States. Water scarcity is also associated with increasing migration flows: for example, Scheffran et al. (2012) demonstrate that persistent droughts in the Sahel in the 1970s significantly encouraged outmigration. In turn, migratory flows can destabilize the socio-economic settings of the host community or reinforce pre-existing societal cleavages (Gleick, 2014). 
By lowering agricultural production and slowing economic growth, while increasing societal discontent, resource scarcity can destabilize political and institutional settings, whereby governments may lack adequate resources to address popular dissatisfaction (e.g. Kelley, 2015). Violence can thus result from a combination of population growth, resource depletion and disrupted state authority that escalates to intra-elite competition (Homer Dixon, 1999). 
Finally, the allocation of natural resources is inherently affected by broader socio-political dynamics and the allocation of property rights, as advanced by political ecology. Accordingly, socio-political dynamics steeped in human constructs define the entitlements by which individuals or communities get access to resources; hence, the abundance or scarcity of natural goods may be exasperated by the persistence of structural factors rooted in larger processes of power relations (Peluso and Watts, 2001; Benjaminsen, 2008). Even if endowed with an abundance of natural goods, poor and indigenous communities may be subject to constraints in the use or the access to a resource for distributional reasons, related to dynamics of material transformations and power distribution (Kahl, 2008). Likewise, conflicts over natural resources can be framed as distributional conflicts, bound to participatory processes (Agarwal, 2001) and the systems of rules that characterize the governance of the commons (Ostrom, 1990). Allegedly, ecological conflicts may arise as a result of unequal accesses to a resource, or to a failure of the government to guarantee a fair distribution of goods (Martinez-Alier, 2002), which may result in selective exclusion and discriminatory practices against some sectors of society, such as women (Agarwal, 2001), people of color (Bullard, 1993) or indigenous communities (Guha and Martinez-Alier, 1997). 
As this review has clarified, the mechanisms and dynamics linking natural resource abundance or scarcity to conflict are complex and often overlapping. Consistently, the present study takes a broad aim to consider both renewables and non-renewable  resources () and differing distributive patterns (both resource abundance and scarcity) as potential causes of conflict, while thorough enough to carefully consider the divergencies between studies as concerns the definition of the resource variable and the type of resource under investigation. Moreover, the analysis attempts to identify the methodological choices that may impact the literature findings and contribute to explaining the divergence within the academic community.
Specifically, our meta-analysis evaluates the role of three sets of factors leading to divergent results in the literature. First, we aim to understand whether differences in research design and methods drive the findings. The specification of the regression model, the sample selection, the inclusion or exclusion of some control variables, and the choice of employing location or time fixed-effects are all expected to influence the relationship between natural resources and conflict risk. The sample selection represents a critical factor, since it is a measure of the extent to which a study’s results can be generalized and considered to be valid across a wider population (Adams et al., 2018). While the findings of a global analysis can have a considerable degree of generalizability, results from a case-study conducted at a national scale are barely generalizable. A possible driver of differences in results across studies could also be temporal lags, as unlike non-renewable resources, renewables such as freshwater and land are intertwined with agricultural productivity. Hence, exogenous shocks to resource availability may have a mediated impact, following the seasonality of crop growth (see, for instance, Harari and La Ferrara, 2018; Von Uexkull et al., 2016). Including or excluding temporal lags, as well as choosing the proper duration of the lag (e.g. one month, three months, one year), may have an impact on studies’ results. Therefore, we investigate how the inclusion of lags in the empirical model affects the study’s findings. 
Second, we examine if the operationalization of the dependent variable affects the results reported. In our analysis, we are concerned with conflict as a violent phenomenon, leading to the death of at least one person per year. The definition of conflict across empirical studies is generally associated with violence but may also include non-violent outcomes. Some authors, particularly within the literature focusing on water issues, prefer a broader definition of case or event, one that encompasses both conflictual and cooperative dynamics, classified along a continuous scale of violence intensity (Wolf et al., 2003; Bring and Sjoberg, 2017; Ravnborg et al., 2012). Here, we exclude all studies (or model specifications within a study) that define the conflict variable as non-violent or cooperative and we limit the focus to violent outcomes. Studies adopt different definitions with respect to the number of casualties or deaths that need to occur in order to categorize the event as a conflict. The most commonly adopted thresholds are either a thousand or twenty-five battle-related deaths, corresponding to the coding system adopted by the UCDP/PRIO dataset (Sundberg and Melander, 2003). The choice of the threshold to define conflicts has considerable potential to affect the results, as limiting the definition to the one thousand battle-related deaths would not only exclude all the minor violent events but may also result in a possible intermittent admission and exclusion of the same conflict into the dataset along the time span considered. Moreover, we can expect that natural resources have an influence on the probability of small conflicts but less so on wars. For instance, an unexpected reduction in water availability will negatively affect yields and result in a deterioration of rural livelihoods that in turn may fuel riots, although it is not necessarily going to escalate into war (Von Uexkull et al., 2016). Therefore, in our empirical model, we include controls to capture the different specifications of the conflict variables, with reference to the battle-related deaths threshold in use. 
Third, we expect that the measurement of natural resources availability/scarcity will influence results (Brunnschweiler and Bulte, 2008; Salehyan, 2014). A tradition of the literature investigating the link between resources and conflict has specified resources as the ratio of primary commodity exports over GDP (Collier and Hoffler, 1998; Fearon and Laitin, 2003; De Soysa and Neumeyer, 2007). However, as claimed by Brunnschweiler and Bulte (2008), this specification of the independent variable is endogenous to conflict and captures the dependence of economies on natural goods rather than resource availability. Moreover, Brunnschweiler and Bulte (2008) have demonstrated that the connection between resources and conflict disappears when the independent variable is operationalized as stock, and thus the endogeneity problem is addressed.  
The type of resource can also have an impact on results. Profitable resources such as minerals, diamonds, gems, hydrocarbons, and drugs, have been generally associated with the resource curse (Humphreys et al., 2005; Lujala, et al., 2005; Lujala, 2009), while renewables tend to be connected to the neo-Malthusian argument (Samset, 2009). However, the distinction is not straightforward and assuming that the resource curse is activated only by minerals and lootable resources, while renewable resources can be connected to conflict only through scarcity is, at least, simplistic. In fact, while there is anecdotal evidence for the claim that land or water scarcity are potential drivers of conflict, rigorous empirical research is still inconclusive (Gartzke and Bohmelt, 2015; Benjaminsen, 2008; Van Leeuwen and Van der Haar, 2016).
A further specification points to the lootability of resources, i.e. the degree to which resources can be expropriated. The easier it is to loot a resource, the less capital intensive the process of extracting it, and the higher market value it has (McNeish, 2012). For instance, Welsch (2008) predicts that the probability of armed conflict varies directly with the size and value of ‘lootable’ resource allocation and inversely with variables that increase labour productivity. The author argues that, unlike mineral resources, abundance of agricultural resources reduces the probability of conflict by raising labour productivity.
Another element that can have considerable influence on the relationship between natural resources and conflict is climate. A growing body of research has connected climatic conditions to conflict through their indirect impact on natural resources; although we do not explicitly focus on these studies in our meta-regression, we also aim at investigating the potential role of climate in influencing the natural resource-conflict nexus. First, climatic anomalies such as deviations of temperature and precipitation patterns from their long-term trends, or natural extremes such as droughts, can alter both the availability and allocation of renewable resources akin water and arable land (IPCC, 2014) and the climate-induced scarcity may in turn increase the likelihood of conflict (Homer-Dixon, 1999). More broadly, the influence of climate variability on security is likely to be dependent upon a number of contextual factors, including state capacity, the health of the economic sector, the solidity of the democratic system or the role of institutions (Koubi, 2019). Climatic changes will have especially destabilizing consequences in those countries which are less resilient to shocks, due to their low level of economic growth, endemic political corruption, poor state capacity – or other ‘development pathologies’ which are more likely to manifest themselves in resource-rich countries. Climatic hardships may all in all be a ‘threat multiplier’, whereby they exacerbate pre-existing grievances or reinforce well-documented drivers of conflict such as poverty (Schwartz and Randall, 2003; IPCC, 2014). Hence, climate changes may exert a stronger influence on security in those countries where either the scarcity or the abundance of resources already have a destabilizing effect. In our meta-regression model, we therefore investigate whether studies are likely to find different findings if they take climatic conditions or changes – generally specified as trends in temperature and precipitation - into account. 
Finally, we assess whether the studies’ findings are driven by a publication bias, which arises when studies with relevant and significant results are more likely to be published. In fact, the tendency of authors or editors not to publish irrelevant results may bias findings on the distribution of effects (Klomp and Valckx, 2014).  

2. Materials and methods
2.1 Methodology: meta-analysis

A meta-analysis is a statistical combination of results from multiple studies to answer a common question (Bowman, 2012). It involves the pooling of data that quantitatively examine whether causal relations described in individual papers remain valid across a wider spectrum of the literature (Romero-Lankao et al., 2012). Although well-rooted in the health sciences, meta-analysis has only recently started to be applied in climate change research. Unlike traditional literature reviews, meta-analyses require reviewing and selecting documents according to systematic and explicit criteria; they need to include a detailed description of the review procedures employed (e.g. databases searched, articles excluded, search terms used) in order to facilitate study replication, and they adopt statistical techniques to summarize the results of the selected studies (Ford et al., 2011).

2.2 Selection of articles and definition of the sample

[bookmark: _Hlk521420509]The selection of articles aims at being as broad as possible. As a first step, we input the selected keywords, related to natural resources and conflict, into three databases (EBSCO, Scopus and Web of Knowledge), which returned 660 articles (Section 2 in Supplementary Material provides additional information). A first screening of titles and abstracts resulted in an exclusion of 511 studies. Studies were classified as “included”, “excluded”, and “uncertain”; those falling into the last category were reviewed independently by the authors and either included or excluded by common decision. As a next step, we examined the remaining articles and categorized them as quantitative or qualitative. Finally, the articles classified as quantitative were assessed in-depth to verify their eligibility according to the following criteria.
1. Articles were required to focus on both natural resources and human conflict, i.e. the objective of the analysis. Articles dealing with other types of conflicts, such as conflicts between other living species or wilderness, were excluded.
2. Articles focusing specifically on methods and frameworks for providing solutions to resource-related conflicts were passed over. Furthermore, studies that test the link between climatic variables (e.g. precipitation) and conflict were included only if the authors consider the variables of interest as a proxy of natural resources (e.g. water). 
3. Articles investigating the inverse relationship (from conflict to the environment) were excluded. Quantitative studies were required to report regression results. Studies that, despite adopting a quantitative or semi-quantitative method, did not report statistical coefficients and t-statistics (or standard errors) were excluded from the analysis. Table S2 in the SI Supplementary Material reports the studies that were excluded from the original selection after this in-depth analysis. 

Finally, we expanded the sample by reviewing the references of the selected papers as well as some other systematic reviews (Gleditsch, 2012; Cuvelier et al., 2014 and Dell et al., 2014) to ensure the inclusion of all relevant studies. The overall selection process identified 41 papers. 
Studies differ in the way they define both the resource and the conflict variable. As a result, the interpretation of the regression coefficients, i.e. the estimate of the effect that natural resources exert on conflict, is not homogeneous across studies and varies according to the model specifications and the operationalization of the main variables. In order to ease the comprehension and the comparability of the coefficients across different studies, as well as to understand the different mechanisms leading from resources to conflict, we clustered the sample according to the specification of the main independent variable as resource abundance or scarcity.
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Figure 3. Main steps of the process applied for articles’ selection.

This division of the sample into subsets resulted in the reduction in the number of observations available for each regression. However, we believe that disregarding the divergences across studies and conducting the meta-regression on the basis of the full sample would result in inconsistent and non-comparable results, while manipulating the estimates to homogenize the effect sizes reported by studies would add further subjectivity and potential bias to the analysis (Koricheva et al., 2013).
Moreover, as the definition of conflict varies across studies, we have limited the focus to only violent conflicts, leading to at least one battle-related death per location and per year. As studies adopt different thresholds of battle-related deaths to define conflict (mainly 25 or 1,000), in our meta-regression we include controls corresponding to the minimum number of deaths applied by each study’s model. Moreover, we include a dummy variable to capture different specifications of the predicted outcome. The ‘baseline’ dependent variable in our meta-regression model is conflict onset, which indicates the outbreak of conflict, and is coded as 1 if a conflict starts in year (or period) t, and 0 otherwise[footnoteRef:1]. Next, we include binary variables to control for the effect of alternative conflict specifications compared to the above baseline. Conflict incidence defines the occurrence of conflict and signals if a location is experiencing a conflict at time t, without consideration of when it started. Regarding these two specifications, coefficients are interpreted as probabilities – they represent the marginal change in the probability of conflict onset (incidence) due to a one-unit increase in the resource variable. Finally, we control for the specification of the outcome variable as conflict intensity, which is generally intended as a measurement of violence and may encompass the frequency, duration, or severity of conflict.  [1:  Conflict onset represents the baseline value or the reference value to which the other conflict specifications are compared to. ] 


2.3 Information extraction and coding

The first step of the analysis is to extract the relevant information from the selected studies. Based on the review of the literature, we defined several fundamental categories to code the information contained in each study: dependent and independent variable, type of resource, time and space coverage, controls introduced (e.g. ethnic fractionalization), and methodology applied. At the first stage, information was collected qualitatively under each category. 
The qualitative information enclosed under each category was then coded as a dummy variable, taking the value of 1 if the estimate drawn from the study presented that specific feature, and 0 if it did not. Dummy variables identify the potential independent variables of our meta-regression (Table 1 and Table S3, Supplementary Information), although only the most relevant ones were included in the final meta-regression model. The coded binary variables identify the main methodological features that exhibit potential to affect the results.  

	Table 1. Main variables coded from the studies and included in the meta-regression.

	Category
	Binary variable
	Definition

	Dependent Variable
	Conflict
	Conflict is defined as any violent event causing the death of a minimum number of people per year. The minimum number of battle-related death can vary across studies, from 1 up to 1,000. In most studies, the definition of conflict is based on a threshold of 25 battle-related deaths and thus reflects the standard definition adopted by UCDP (Gleditsch et al., 2002). We exclude from the analysis all studies that define conflict as a non-violent event (e.g. as a cooperative issue). The dependent variable in the meta-regression model is specified as conflict onset, i.e. as the outbreak of conflict. 

	Resources
	Minerals, drugs
	This category includes all non-renewable and highly profitable resources like mineral resources (diamonds), fossil fuels (oil, carbon) and drugs (mainly opium, cocaine).

	
	Water
	Total availability of water intended for human use and can be measured in absolute terms (as total water available for consumption) or in relative terms (e.g. per capita).

	
	Land, vegetation
	Land refers to all resources associated with agricultural production and crops, including measures of agricultural productivity and intensity. Vegetation refers to diverse vegetation forms, mainly timber and forestry, and may also indicate the status of soil fertility and degradation.

	Controls
	Institutions
	Variables connected to national institutions, the historical context of a country, and governance-related conditions, e.g. controls for colonial past, level of corruption, democracy, and governance.

	
	Economic context
	Variables related to the economic structure and development (GDP, income growth, openness to trade).

	
	Fractionalization
	Controls related to ethnic, linguistic or religious fractionalization or polarization and dominance are introduced. Fractionalization is generally referred to as the linguistic or religious distance between sub-groups inhabiting the same country or region. It may include also socio-political discrimination exerted against a specific ethnic or religious minority. 

	
	Geography
	Geographic characteristics of the territory and presence of infrastructure related to transport, (which may affect rebel groups' capability to control the territory), e.g. presence of roads, terrain roughness, distance to the capital to the border.

	
	Climate
	Climate-related variables, identifying both climatic conditions such as temperature and precipitation patterns, and climatic changes or anomalies over-time. Some studies may also specify climatic variables in the form of droughts or water scarcity.


Table 1. Definition of the variables coded from the studies. In the meta-regression model, every piece of information or methodological feature characterizing the studies, is included as a binary variable coded as 1 whenever the study presents that specific feature, and otherwise 0. For instance, ‘institutions’ in the meta-regression model is coded as 1 if the study controls for any institutional-related variable, and otherwise 0.





2.4 Meta-regression specification

The purpose of our meta-analysis is to synthetize the magnitude and the direction of the effect that natural resource abundance and scarcity have on conflict, including or excluding climate controls, to understand if climate may impact on conflict through natural resource availability. To this end, we ideally need a single metric of the effect size. Recent research on meta-analytic methods argues in favour of the use of beta coefficients for this purpose (Peterson and Brown, 2005; Bowman, 2012). In this paper, we choose the standardized t-statistic as a measure of the beta coefficients reported by the studies. Whenever studies do not report the t-statistics, we computed it as the ratio of the beta coefficients over the standard error. To ensure that estimates are comparable, we removed the model specifications that included interaction terms, testing for the conditional impact of the independent variable on conflict, since they are not directly comparable with the others (Klomp and Valckx, 2014). However, as robustness tests, we checked the effect of these conditional models by including them in the sample. 
Similar to multiple regression analysis, meta-regressions require the assumption of independence of observations (Hox and de Leeuw, 2003). Scholars consider empirical estimates as statistically independent if they are reported by different authors or if the same author reports them but uses different samples. Estimates reported by the same study and employing the same dataset are not statistically independent (Doucouliagos and Ulubasoglu, 2006). Although estimating the model by neglecting the issue of non-independence would not necessarily produce biased results, it would affect the variance of the coefficients and hence lead to an incorrect interpretation of the significance levels. To account for these issues, some authors suggest computing the average effect size of all estimates within the same study or selecting a single estimate from each article (Lipsey and Wilson, 2001). However, these methods would result in a reduction of the sample size and require subjective selection of the single estimate to be sorted out from each study. Furthermore, these techniques would remove all within-study variation, which is a valuable source of information of potential drivers of results. 
In this study, we adopted an unrestrained Weighted Least Square (WLS) with robust standard errors clustered at the study level to address the non-independence of observations. The unrestricted WLS is shown to be less biased than traditional meta-regression methods (fixed or random-effects models) when the reported research literature contains selection for statistical significance, i.e. ‘publication’ bias (Stanley and Doucouliagos, 2012), which is common in many areas of research (Sterling et al., 1995). When a selection for statistical significance exists, and as long as variances are known (as in meta-analyses), unrestricted WLS models are proven to have statistical properties at least comparable with or superior to traditional meta-analytic models such as random or fixed-effects; they are invariant to the magnitude of known or unknown heterogeneity across estimates; and retain desirable properties even when a bad estimate of variance is used (Stanley and Doucouliagos, 2017). To account for variations across studies, our WLS model clusters estimate by study and assume independence among clusters. Our meta-regression model is: 
                                                                                            (1)
for estimates s = 1, … ,  j, nested within study s.  represents the vector of the studies’ methodological features and model specifications, i.e. the dummy variables that we coded (Section 3.3) and  is the vector of standard errors. The coefficient estimates are obtained as; 
, with 
where  denotes the vector of meta-regression coefficients. In the unrestricted WLS approach weights are calculated as the inverse of the squared standard error, rather than the inverse of the standard deviation (Davidson and MacKinnon, 2004); allowing but not assuming that the variance between studies to differ by a proportional constant, unlike random and fixed effect models (Stanley and Doucouliagos, 2017). 
In our specification,  is a measure of the so-called precision, which represents the genuine relationship between natural resources and conflict found by the studies, while the constant term is a measure of the so-called publication bias (Klomp and Valckx, 2014; Stanley and Doucouliagos, 2017). Whenever we detect an association between the probability of being published and the statistical significance of the studies’ results, a publication bias exists. In fact, assuming no publication bias occurs, the effect sizes should vary randomly and not be proportional to the standard errors of the estimates, while if studies are published according to the significance of the results, estimates of the effect size will vary proportionally to the standard errors. The Egger test (Egger et al., 1997) is the most commonly used test to check whether the results of a meta-analysis are genuine or driven by publication bias. It consists of regressing the measurement of the effect size against a measurement of the estimate’s precision, i.e. the inverse of the standard errors, and is incorporated into our meta-regression model (eq. 1 - see also Section 4 in Supplementary Material). Results of the Egger test from our meta-regressions suggest that there is a significant and genuine relationship between natural resources and conflict, although this varies according to different methodological choices adopted by the studies and different types of natural resources chosen as key predictors. 
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3. Results
3.1 Descriptive statistics

We collected 922 estimates of standardized effect size from the 41 studies we selected. More than half of these studies are based on a global sample, while only a limited number of articles focus on single countries (Figure 4). 

Figure 4. Sample selection by study: studies are classified as global, regional or national according to the spatial coverage of the analysis. “Africa” indicates whether the article focuses on the African continent, either a specific country or a cluster of African countries.

However, of all articles with a narrower focus (regional or national), 85% concentrates on Africa; this may indicate that recent findings of a “streetlight effect” in climate-conflict research (Adams et al., 2018) applies more broadly to the resources-conflict scholarship. The limited variation of the studies spatial coverage thus posits some challenges concerning the degree of generalizability of a study results and, in our analysis, we controlled for the sample selection as a measure of the extent to which a study’s findings can be generalized[footnoteRef:2].  [2:  Specifically, we included a dummy variable coded as one if studies adopt a global sample and otherwise zero. We explored the possibility of including further proxies of generalisability as regressors (e.g. regional/cross-national sample, studies limited to African countries) but, due to lack of sufficient variation and multicollinearity issues, we could not compute the coefficients for these extra variables.] 

[bookmark: _Hlk520903646]The range of t-statistics varies considerably across studies, between -56.33 and 46.83. To provide an enhanced understanding of the drivers of the variance, we created a nested structure as illustrated in Figure S1 in Supplementary Material. Starting from the abundance subset, i.e. the one with the largest sample size, we progressively limited the sample according to specific methodological characteristics of the estimates. This process allows us to check for the effect of some methodological aspects on the variance: the operationalization of the dependent and independent variable, the significance level, the spatial and temporal coverage, the operationalization of the conflict variable, and the inclusion of lags in the model may influence the variance of the effect size.
We find that, when limiting the sample to significant estimates (at 5% level), the variance almost doubles, possibly indicating the existence of some selection bias. By contrast, when excluding studies that choose five-year periods as their unit of analysis from the sample, the variance of the t-statistics decreases by over 30% and when we limit the sample to studies that investigate major conflicts, defined as events causing at least one thousand battle-related deaths per year, the variance of the t-statistics decreases by almost 40%. This suggests that studies that focus on wars or major conflicts tend to find more homogeneous results than studies that focus on lower-intensity conflicts. 
DESCRIPTIVE STATISTICS FOR PROGRESSIVE SUBSETS OF THE SAMPLE
	 
	abundance- subset
	significance level: 5%
	conflict threshold 1000 BRD
	temporal unit of analysis: less than 5 years
	spatial sample: cross-national/
national
	no lagged terms

	No. of observations
	838
	343
	268
	206
	139
	70

	Minimum
	-56.33
	-56.33
	-13.64
	-13.64
	-13.64
	-3.27

	Maximum
	46.83
	31.72
	31.72
	8.57
	8.57
	6.38

	Median
	1.13
	2.31
	2.18
	2.15
	0.00
	-0.95

	Mean
	1.24
	1.55
	1.40
	1.22
	0.62
	0.30

	Variance
	18.00
	28.23
	17.35
	11.04
	12.64
	11.07

	1st quartile
	-0.78
	-2.02
	-2.16
	-2.04
	-2.27
	-2.39

	3rd quartile
	2.68
	3.24
	3.18
	3.08
	2.98
	3.08


Table 2. Summary statistics referring to progressive reductions of the sample. 
[image: ]
Figure 5. Boxplot of the t-statistics reported by studies. 

Also, when restricting the sample to cross-national or country-level studies, we find that the variance of the t-statistics increases, indicating that non-global studies find more heterogeneous conclusions. Moreover, excluding estimates containing lagged-terms reduces the variance of the t-statistics, possibly suggesting that the effect of natural resources on conflict is sensitive to the temporal span under consideration and the inclusion or exclusion of lagged coefficients. 
Figure 5 shows that the effect of resources on conflict is generally small but positive. The average and the median values of the t-statistics are positive for both resource abundance and resource scarcity, although they tend to be smaller for the scarcity subset of the sample.

	SPECIFICATION OF THE INDEPENDENT VARIABLE
	Abundance
	Scarcity

	N
	838
	84

	Minimum
	-56.33
	-10.73

	Maximum
	46.83
	16.33

	Range
	103.16
	27.07

	Median
	1.13
	0.20

	Mean
	1.24
	0.89

	SE mean
	0.15
	0.43

	Variance
	18.00
	15.19

	1st quartile
	-0.78
	-1.33

	3rd quartile
	2.68
	3.49



Table 3. Descriptive statistics according to the pre-defined subsets of the sample, based on the specification of the resource variable.
In general, it is therefore evident (Table 3) that the studies collected in our sample mirror the divergency that is characterized in the literature, as the average value of the t-statistics suggests that conflict is associated with both abundance and scarcity of natural resources. 

3.2 Regression results 

Tables 4 and 5 present the main regression results, while results for the other pre-defined subsets of the sample, along with robustness tests, are reported in the Supplementary Materials. In order to better understand the link between natural resources and conflict as well as the influence that climatic and socio-economic variables exert on this relationship, we gradually increase the set of predictors. First, we evaluate whether including different types of natural resources (water, mineral and drugs, land and vegetation) identified as key predictors, affects the literature’s results about the relationship between resources and conflict.
Second, we include climatic exposure in the form of a dummy variable coded as 1 if the literature controls for climate factors (e.g. temperature, precipitation, droughts) and 0 otherwise. Table 4 summarizes the results of these model specifications. In Table 5, we focus on the abundance-conflict subset of the sample; we include all the different types of natural resources in the same model specification (column 1) and then introduce the climate controls (column 2). Next, we add the binary variables identifying the main study features to assess their influence on the results (column 3, Table 5). 
[bookmark: _Toc26202705]All regression results report the constant term as a measure of the publication bias and the coefficient for precision, which represents the genuine effect of natural resources on conflict. Our results show that the constant term is always positive but not always statistically significant, indicating that a publication bias may be affecting the results to some extent but the effect varies according to the study design and its methodological specifications. The results suggest that the type of resource chosen as predictor has a considerable impact on the findings. The effect of the abundance of mineral resources on conflict is consistently positive and statistically significant across all specifications and is not affected by climate. Therefore, the wealth of mineral resources is associated with a higher risk of conflict, confirming the resource curse hypothesis. Unfortunately, due to the lack of studies on the link between scarcity of mineral resources and conflict, we could not test this mechanism. Hence, our results substantiate the hypothesis that the resource curse is activated by lootable, highly profitable resources, whose rents could be sold and contribute to finance the costs of fighting. Moreover, climate does not seem to have an impact on the relationship between mineral resource wealth and conflict. 
By contrast, the scarcity of resources related to agricultural production, such as water and fertile land, as well as vegetation, is associated with conflict, according to the reviewed studies. Specifically, the effect of land scarcity on conflict is significant and positive both in presence and absence of controls for climate, signalling that highly degraded or scarce land and vegetation may induce a higher risk of conflict.
[bookmark: _heading=h.23ckvvd]These results would confirm the Neo-Malthusian arguments, advancing that eco-scarcity is associated with increased likelihood of violence (Homer-Dixon, 1999). However, this does not seem to hold true for water scarcity, the coefficient for water scarcity is significant but negative, suggesting that lower levels of freshwater are associated with reduced odds of violence. This may be explained by the vital importance of water for human needs, such that water scarcity could inhibit the outbreak and continuation of a conflict. By contrast, the scarcity of land would cause no such inhibition. 
	
	ABUNDANCE
	SCARCITY

	Variable
	Effect without climate
	Effect with climate
	Effect without climate
	Effect with climate

	Minerals, drugs
	+
	+
	n.a.
	n.a.

	Water
	-
	-
	-
	-

	Land, vegetation
	+
	+
	+
	+


Table 4. Mean effect of natural resources (abundance or scarcity) on conflict according to the explored literature, when studies do or do not control for climatic conditions and/or trends. Some effects could not be computed due to lack of sufficient variability of some control variables (n.a.). Grey cells indicate that the effect is significant; darker shades correspond to greater significance levels. For a definition of the resource variables, refer to Table S3. 

In general, we find that the link between resource and conflict varies considerably according to the type of resource; while the abundance of minerals increases the likelihood of conflict, thus backing the resource curse argument, renewable resources are mostly linked to violence through scarcity. Although the results also suggest a positive association between land abundance and conflict risk, the effect does not always reach significance at the 10% level. The land/vegetation regressor in the empirical model broadly includes many operationalizations of the resource variable, such as the availability of arable land (Binningsbø et al., 2007; Østby et al., 2011; Rowhani et al., 2011), the amount of ‘agricultural resources’ akin forests, croplands and pasturelands (Welsch, 2008; Hauge and Ellingsen, 1998), the degree of agricultural productivity (Bohmelt et al., 2014) or the amount of growing vegetation proxied by indicators such as the NDVI (Meier et al., 2007). This finding hence seems to confirm the results of an extensive academic literature on land invasions, arguing in favor of a positive association between the amount of arable land and the likelihood of conflict (e.g. Robinson and Acemoglu, 2006; Hidalgo, 2010). 
Furthermore, the relationship between resources such as water, fertile land and vegetation, and conflict is considerably affected by climatic factors/trends. In fact, results from the scarcity subset of the sample show that the dummy variable for climate controls is significant across all the specifications, suggesting that climate has a mediating role in the relationship between renewable natural resource scarcity and conflict. 
As we may expect, inclusion of climatic variables does not change the direction of the relationship between natural resource scarcity and conflict. However, the coefficients for resource scarcity reach higher statistical significance when climate controls are introduced, possibly suggesting that climatic conditions increase the strength of the effect.
This seems to limitedly confirm the hypothesis that climate alters the probability of conflict by affecting resource availability (Raleigh and Urdal, 2007; Burke et al., 2009; Raleigh and Kniveton, 2012; Hsiang et al., 2014). The possible influence of climate on conflict through natural resources appears to have an effect only through scarcity, while abundant goods are not conditioned by climatic changes. Since climatic conditions do not influence the amount or allocation of minerals or fossil fuels, this result is consistent with the previous finding that only the abundance of minerals and highly profitable resources increases the odds of violence. Also, the role of climate in conditioning the relationship between the scarcity of water/land and conflict is consistent with the predicted impact of climate change on natural resources, which is likely to shrink rather than increase the availability of freshwater and arable land in many regions of the world (IPCC, 2014). 
We now focus on the full meta-regression specification that includes the regressors for the study features (Table 2.4). First, the coefficient for precision is negative but not statistically significant, suggesting that the effect of natural resource abundance on conflict found by studies is driven by publication bias (the constant term is positive and significant). However, the coefficient for minerals remain positive and significant across all specifications, confirming that the impact of resource abundance on the likelihood of conflict is confined to lootable resources, whose rents could be profitable for the groups who seize them and thus lower the opportunity costs of fighting. 
The results also suggest that other methodological choices affect the studies’ findings. In particular, the inclusion or exclusion of specific variables as controls has a significant impact on the response. The coefficient for climate is again significant, indicating that controlling for climatic conditions affects the results[footnoteRef:3]. We could interpret this change in sign as a proof that the effect of climatic conditions is mediated by socio-economic, institutional and political factors: once the studies control for contextual variables akin the economic development or the degree of ethnic homogeneity, the climate variable points to a different direction. This is consistent with the conflict literature, demonstrating that the effect of climatic shocks on conflict risk is conditional upon socio-economic and contextual factors (Koubi, 2018): human systems can be more or less vulnerable to environmental hardships due to a variety of political, economic, institutional dynamics, which can absorb or exacerbate the negative impacts of climatic variability. For instance, we observe that the coefficient for institutions is statistically significant and negative: the presence of institutions can moderate the relationship between resources and conflict and increase the community’s resilience against environmental shocks (e.g. Gizelis and Wooden, 2010).  [3:  This may also be due to multicollinearity: when other covariates are introduced in the study’s design (column 3, Table 5) the effect of climate points toward the opposite direction.] 

Controlling for ethnic and/or religious heterogeneity increases the probability of finding a positive and significant relationship between resource abundance and conflict incidence. This indicates that the availability of resources is indeed intertwined with group-specific features and mirrors the findings of the literature that connects ethnic fractionalization and groups inequality with higher risks of conflict (Ostby, 2008). 
The inclusion of location fixed-effects increases the strength of the relationship between resources and conflict, which may partially reflect the claims advanced by Buhaug (2010) that fixed-effects raise multicollinearity issues: studies that include fixed-effects in the model seem to be more likely to find a significant relationship between resource abundance and conflict but the effect may also capture the influence of other factors than only natural resources. 
Next, the specification of the main variables appears to have an influence on the study’s results: analyses focusing on the incidence or the intensity of conflict (rather than the onset) are less likely to find a robust relationship with resource abundance; however, the coefficients are barely significant at 10%. Studies that adopt a threshold of twenty-five battle-related deaths to define an event as conflict are associated with a lower probability of finding a significant response; this indicates that when focusing on smaller conflictual events, studies find a weaker impact of resources on conflict. 
The operationalization of the resource variable has a negative influence on the response and studies that operationalize resource availability as a stock tend to find less significant results. 

	Table 5. Impact of methodological features of the studies on the relationship between resource wealth and conflict. 

	 
	(1)
	(2)
	(3)

	 
	 
	 
	 

	Precision
	-11.476
	-12.498
	-3.602

	
	(9.704)
	(8.198)
	(3.593)

	Minerals, drugs
	4.681**
	6.366***
	3.298*

	
	(1.786)
	(0.064)
	(1.905)

	Water
	4.953
	6.318
	4.057

	
	(4.081)
	(4.113)
	(3.254)

	Land, vegetation
	1.631***
	1.638***
	2.548

	
	(0.067)
	(0.057)
	(2.511)

	Climate
	
	-6.180***
	3.652**

	
	
	(0.066)
	(1.519)

	Economic context
	
	
	1.658

	
	
	
	(7.314)

	Type of Conflict
	
	
	-2.211

	
	
	
	(1.964)

	Fractionalization
	
	
	3.182***

	
	
	
	(0.614)

	Geography
	
	
	2.552

	
	
	
	(1.775)

	History
	
	
	1.218

	
	
	
	(2.138)

	Location Fixed Effects
	
	
	0.885***

	
	
	
	(0.152)

	Time Fixed Effects
	
	
	-11.562

	
	
	
	(10.076)

	Lags
	
	
	-0.968

	
	
	
	(1.487)

	Institutions
	
	
	-11.482*

	
	
	
	(5.874)

	Resources: stock
	
	
	-3.0216**

	
	
	
	(1.436)

	Conflict specification: incidence
	
	
	-0.985*

	
	
	
	(0.524

	Conflict specification: intensity
	
	
	-1.110**

	
	
	
	(0.503)

	Conflict threshold: 25 BRDs
	
	
	-3.270***

	
	
	
	(0.002)

	UCDP/PRIO Data
	
	
	-0.239***

	
	
	
	(0.000)

	Resources as GDP share
	
	
	-1.608

	
	
	
	(1.276)

	Global analysis
	
	
	-0.221

	
	
	
	(0.196)

	Unit: 5-year
	
	
	0.234

	
	
	
	(0.298)

	Unit: grid-cell
	
	
	26.533

	
	
	
	(29.674)

	Method: logit
	
	
	-5.889***

	
	
	
	(0.726)

	Data: World Bank
	
	
	1.553

	
	
	
	(2.05113)

	Constant
	0.283***
	0.283***
	10.520

	 
	(0.001)
	(0.001)
	(11.314)

	
	
	
	

	N
	825
	825
	825

	R-squared
	0.687
	0.958
	0.995


Table 5. Stepwise regressions results relative to the abundance subset of the sample. Robust standard errors clustered by study are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1.


This substantiates Brunnschweiler and Bulte’s (2008) argument that the climate/resources-conflict nexus vanishes when studies operationalize the resource variable as stock rather than using the ratio of primary commodities over GDP as the main independent variable. Therefore, the choice of the indicator has a particularly strong influence on the results and studies that adopt a relative proxy risk inflating the significance of the response, since their resource variable presumably captures some economic or market-related effects rather than a pure resource influence on the risk of conflict.
Furthermore, the choice of the data to be employed in the analysis has an influence on the study’s results; analyses that draw conflict data from the UCDP/PRIO dataset tend to find a weaker relationship between resources and conflict. This may be due to the more comprehensive and disaggregated nature of the UCDP/PRIO data as compared to other data sources, which allow to uncover the relationship at a greater level of detail. The regression methodology adopted also has an impact on the findings; studies that apply a logistic regression tend to find less significant results compared to studies that adopt other methodologies, such as ordinary least squares. 
Unexpectedly, we do not find support for the claim that the spatial definition of the sample influences the results, as the coefficient for global analyses is not significant. This may be, however, motivated by the poor variation of the variable across studies.
In the case of the resource scarcity subset of the sample (Table S6, Appendix), including specific controls reverses the direction detected in the abundance subset. For instance, we find that institutions have a positive and significant effect, which seems to indicate that studies that do control for institutional factors are more likely to find a relationship between resource scarcity and conflict. This may be due to the tendency of the literature on resource scarcity to focus on institutionally-related conflicts, such as water issues, which are generally classified as the dyadic dispute over transboundary water resources (e.g. De Stefano et al., 2017).
This may also indicate that studies that do not include proper controls for institutional factors suffer from omitted variable biases; institutions do play a role in mediating environmentally-related conflicts and failing to consider them is likely to produce inconsistent estimates. Moreover, historical and geographic factors have a significant impact on the association between resource scarcity and conflict, unlike in the abundance subset of the sample. Specifically, the coefficient for geography is positive: since this binary variable mostly refers to the inclusion of controls for the roughness of terrain of the region under investigation, this result reflects the argument that conflicts would be more likely to erupt in mountainous areas, where rebels can hide more easily (Fearon and Laitin, 2003). 
The Appendix reports the regression results discussed here as well as additional robustness tests. A first test meant to verify the existence of a “peer” effect is performed by excluding from the sample studies that are not published in peer-reviewed journals; a second robustness check excludes those studies that operationalize the resource variable as a share of GDP, since we have observed that such a methodological choice has a considerable influence on the results. Finally, a third test is performed by reintroducing the conditional estimates, i.e. estimates from those model specifications that include interaction terms. Results from the robustness tests confirm the importance of the above-mentioned methodological features of the studies in affecting the findings, mainly the inclusion of socio-economic or institutional variables as controls (i.e. controlling for ethnic heterogeneity), the operationalization of the resource variable (particularly measuring the resources as stock), the method adopted for the regression, the inclusion of lags in the model, and the specification of the threshold to define an event as conflict.


4. 	Discussion and conclusions

[bookmark: _Hlk521065445]The results of our analysis reflect some major issues that have been at the center of the academic dispute on environment and conflict. Our findings confirm that the inclusion of fixed-effects have an influence on study’s results, as discussed in the broader academic debate on the evidence of a climate-conflict nexus (Buhaug, 2010; Buhaug et al., 2014; Hsiang et al., 2013; 2014). Similarly, the definition of the dependent variable in terms of the number of deaths per year chosen as threshold to define an event as conflict, has a significant impact on the findings (Buhaug et al., 2014). Concerning the debate between neo-classical economists, who support the resource-curse hypothesis, and neo-Malthusians, who argue in favour of resource scarcity as a driver of conflict, our analysis shows that both resource wealth and shortage have an impact on conflict but vary according to the type of resources. While the abundance of minerals and drugs – lootable resources – increases the risk of conflict, the scarcity of renewable resources such as forests, agricultural resources, fertile land and vegetation is associated with higher risks of violence. 
In those settings characterized by abundance of highly-valuable resources such as minerals and fossil fuels, individuals may be more prone to fight for taking control over precious goods or achieve a fairer redistribution of resources. Moreover, rebel leaders generally provide material rewards as an incentive to join the fights (Kalyvas, 2006) and the prospect of material enrichment will likely foster mobilization, especially in destitute areas or among discriminated communities. Particularly in the lack of viable economic alternatives, the opportunity cost of joining the fight will thus be reduced (Collier and Hoeffler, 2004; Brinkman and Hendrix, 2011). 
Moreover, the results of the analysis seem to confirm that the Neo-Malthusian argument holds for renewable resources (especially vegetation and land), whereby we find a genuine correlation between the scarcity of these resources and conflict. While the previous findings give support to theorists of greed, these results backs supporters of grievances as a motive for conflict, as they point towards lack of essential resources and environmentally-induced livelihood deterioration as potential conflict-inducing factors.
As fertile land represents the primary input of agricultural and food production, and considering the operationalization of land in the empirical studies under scrutiny, our findings might also be a sign of a positive association between food scarcity and violence. Acute food insecurity can in fact increase social grievances and provide a reason for engaging in rebellions. Societal grievances may have a particularly destabilizing effect when government responses to food insecurity are politicized and aid or relief programs are distributed unequally or directed to alternative uses (Hendrix and Brinkman, 2013). Also, the scarcity of water and land may induce crop shocks that translate into food price peaks, and in many other ways exacerbate grievances that individuals may be willing to act upon (Lagi et al., 2011). 
Finally, a possibility exists that natural resource scarcity is associated with conflict through a non-linear relationship. In fact, it is not unlikely that the shrinkage in natural goods would initially encourage some degree of cooperation aimed to efficiently manage the resource use and plan its allocation, while cooperation would gradually degenerate into a more conflictual relationship when the amount of the resource has become so scarce that any solidary or cooperative sharing would be unfeasible (Dinar and Dinar, 2017). 
The findings also suggest that some methodological elements are likely to drive the study’s results and therefore need to be carefully vetted by future empirical analyses. Empirical research should thoroughly evaluate the choice of the sample and the data to be used, the socio-economic variables to be included as controls, and the proxy chosen to define both the dependent and the independent variables, as all these factors have a strong impact on the results. 
Specifically, the inclusion of location fixed-effects in the empirical model is associated with a higher probability of positive and significant results, while studies that operationalize the independent variable as a stock or an absolute quantity tend to find weaker impacts. Interestingly, studies that control for state capacity, democracy or other elements describing the institutional setting of a country are less likely to find a positive relationship between natural resources and conflict. This suggests that governments play an important role in moderating the effect of exogenous shocks to resources and may thereby increase communities’ resilience to environmental hardships. In fact, governments can provide relief aids to affected populations, support a fairer redistribution of resources through taxation and fiscal incentives, promote a more equitable allocation of property rights, implement international agreements that foster cooperation on resources management and all in all reduce the opportunity cost of violence and disincentivize rebellions.  
Evidence from the literature also supports the hypothesis that climate has an influence on the probability of conflicts related to resource scarcity. Climate change is likely to decrease the availability of natural resources, leading to increased scarcity of some primary goods such as fresh water in many regions of the world (Jiménez Cisneros et al., 2014). As our results suggest, if climatic conditions impact the risk of conflict via resource scarcity, the reduced availability of resources triggered by climate change is likely to amplify the risk of conflict. Further research should therefore explore the availability of natural resource as a possible contributory pathway through which climate patterns and change may contribute to increasing the risk of conflict or magnifying pre-existing tensions. 
Finally, our systematic investigation of the literature allows us to identify some further research priorities that should be addressed by future research. The research community agrees on the need to have more disaggregated and high-resolution datasets on social and climatic variables (Buhaug and Lujala, 2005; Buhaug et al., 2008; Levy and Sidel, 2014; Ide, 2017; Bayramov, 2018). Researchers also call for investigating the dynamics that decrease societal vulnerability (Warnecke et al., 2010; Hsiang et al., 2014), and the socio-economic and political factors that could promote adaptation to the likely magnification of conflict risk, other than just to climate change (Scheffran et al., 2012; Hsiang et al., 2014; Adger et al., 2015). Research should also specifically target the complex mechanisms linking climate to conflict, including for instance natural resources, migration, and psychological dynamics (Burke et al., 2009; Kahl, 2006; Dell et al., 2014; Hsiang et al., 2014).
One task for future research is to consider socioeconomic variables that have been investigated only to a limited extent, such as factors reallocation, foreign investments and international trade (Gleditsch, 1998; Dell et al., 2014), while at the same time carefully accounting for both endogeneity and reverse causality issues (Buhaug et al., 2008; Kousky, 2014). Further research needs to address the mechanisms and pathways connecting natural resource abundance/scarcity to conflict in order to shed light on the mutual influences between social and environmental systems, examine the mediating effect of institutions and governance, better understand the impact of governance and property rights on ecological conflicts, as well as clarify the role of climatic changes in influencing the resource-conflict nexus. In addition, studies need to be broad enough to gather sufficient data but focused enough to capture the effects of subnational or local climatic conditions on the occurrence of violence (Buhaug et al., 2014; Levy and Sidel, 2014). Similarly, they need to better bridge the results of panel data analyses from short to medium and long term (Dell et al., 2014). Future research should therefore refine existing methods and explore new methods for investigating environment–conflict links (Schilling et al., 2010). A possibility is offered by adopting more than one methodology and taking advantage of a pluralistic integration of quantitative and qualitative studies (Van Vuuren, 2015; Ide, 2017). Finally, to increase the robustness of results, studies could target cases that exhibit all the preconditions hypothesized to potentially lead to conflict but that did not result in violent outcomes (Gleditsch, 1998; Kahl, 2006).  
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