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Introduction
The Sahel region in Africa is particularly vulnerable to climate change (NUPI & SIPRI, 2021). It experiences a high recurrence of extreme events such as droughts and flooding along with a faster rise in temperatures than the global average. This vulnerability is exacerbated by the widespread reliance of the population on natural resources dependent livelihoods. Beyond its direct impacts on health, livelihoods and access to resources, climate change also affects security through the increased incidence of conflict (M. Burke et al., 2015; Harari & Ferrara, 2018; Hsiang et al., 2013). The mechanisms underpinning the relationship between climate change and conflict are however less clear. 
[bookmark: _Hlk197712807]Migration is hypothesized as a strong potential mechanism that mediates this relationship. On one hand, long term mass migration to areas with more abundant resources or to cities puts more pressure on limited resources. This could create tensions between migrants and host communities especially in case of higher ethnic diversity (Koubi, 2019). On the other hand, more specific to the Sahel context and similar contexts which embrace farmers and pastoralists in neighboring areas, changing patterns of seasonal migration of pastoralists could be the culprit. In short, water and pasture shortage due to lower rainfall pushes pastoralists to graze on sedentary farmers’ land before the harvest thus destroying crops, disrupting long-standing symbiotic relationships that existed between the two groups and fueling conflicts (Cabot, 2017; McGuirk & Nunn, 2025). Some have argued that recent conflicts such as the Syrian civil war in 2011 and the Darfur conflict in 2003 are empirical examples of the realization of the first and second migration channels respectively (De Juan, 2015; Kelley et al., 2015). Others have refuted the existence of a relationship between these conflicts and climatic conditions altogether (Kevane & Gray, 2008; Selby et al., 2017) 
I study the interplay of climate change, internal migration and conflict in Sudan, a country in the Sahel bearing the brunt of climate change. Specifically, I investigate the effect of recurring droughts, one of the main manifestations of climate change in Sudan, on conflict incidence. I examine the incidence of conflict both in origin localities[footnoteRef:1]: those directly affected by drought and in destination localities: those connected to them through migration routes.  [1:  Second administrative level in Sudan] 

I use data on rainfall and temperature from the CHIRPS and CHIRTS databases[footnoteRef:2] respectively, to create a drought index, the Standardized Precipitation and Evapotranspiration Index (SPEI), suitable for the Sudanese context. I use conflict data from the Uppsala Conflict Data Program (UCDP). This database records incidents of conflict “where armed force was used by an organized actor against another organized actor, or against civilians, resulting in at least 1 direct death” and if the conflict reaches at least 25 battle-related deaths in the year (Sundberg & Melander, 2013). To define migration routes I use data from the Sudan Labor Market Panel Survey 2022 (Krafft et al., 2024) which documents all six months or longer migration experiences of a national sample of the Sudanese population. I define a migration route as a route between two localities that witnessed migrations at the 90th percentile or above the frequency of migration among all migration incidents detected in my sample. I complement this data with ethnographic documentation of seasonal migration patterns of pastoralists by the Feinstein International Center at Tufts University (Behnke et al., 2020; Krätli et al., 2013; Sulieman & Ahmed, 2017; Sulieman & Young, 2023; Young et al., 2013, 2016). I use the SPEI index to define a binary drought variable and conduct a difference in differences between localities experiencing drought to those not experiencing drought before and after the fact.  [2:  The CHIRPS and CHIRPS databases are produced by the Climate Hazards Center at the University of California Santa Barbra
] 

Preliminary results show a negative relationship between severe droughts and conflict incidence in the origin locality but a positive relationship with conflict incidence in the destination locality. This suggests that conflict occurs in regions with higher supply of water and those connected with a region experiencing drought by a migration route. This supports a scenario where individuals migrate to areas with more abundant resources creating more competition over resources that incites conflict.
This paper contributes directly to the literature on climate change and conflict which overwhelmingly supports a positive relationship between climate shocks and conflict (M. Burke et al., 2015; Hsiang et al., 2013). Evidence specific to the African continent documents a positive relationship between warming and civil conflict (M. B. Burke et al., 2009, 2010) and droughts and civil conflict (Harari & Ferrara, 2018). Some researchers suggested that both increases and decreases in rainfall can be associated with higher conflict incidence both in the broader African context (Hendrix & Salehyan, 2012) and specifically in East Africa (Ralston, 2013). Others have argued that the link between climate shocks and conflict is rather weak (Buhaug, 2010; Couttenier & Soubeyran, 2014). 
This paper also contributes to the empirical literature on the role of climate change in civil conflicts in Sudan. Evidence suggests that conflict in Sudan is driven by higher temperatures which disproportionately affect pastoralist areas making these communities more vulnerable to conflict (Maystadt et al., 2015). Moreover, evidence on the early phase of the Darfur civil conflict point to higher incidence of conflict in areas with more abundant water and vegetation corroborating a story of migration and competition over resources (De Juan, 2015). 
Finally, it contributes to the small nascent literature on migration as a mediator of the relationship between climate change and conflict. Evidence from the African continent supports a relationship between pastoralists’ seasonal migration and conflict with ethnically different neighboring communities (McGuirk & Nunn, 2025). Moreover, cross country migration was found to be linked with lower conflict incidence in origin countries and to have no effect on conflict in destination countries (Bosetti et al., 2018).

Data and Measurement
Drought
Drought is one of the main manifestations of climate change in Sudan. In the past 60 years the country has experienced a higher recurrence of droughts taking its toll on agricultural communities. Droughts are nonetheless complex phenomena with no universal definition (Mishra & Singh, 2010).  While it is broadly understood to be the reduction of precipitation compared to the norm over an extended period, the specificities are more nuanced and local context matters (Dorelien and Grace, 2023). A shortened or delayed rainy season, while inconsequential in contexts with perennial irrigation, may result in reduced yields in arid settings with rainfed agriculture even if the total seasonal precipitation is not significantly different from the long-term norm. 
In addition to their complex nature, appropriate measurement methods and data collection of droughts are also crucial to detecting droughts’ onset and intensity. Out of a long list of indices used to calculate droughts[footnoteRef:3], the Standardized Precipitation Index (SPI) and its upgraded version the Standardized Precipitation and Evapotranspiration Index (SPEI) fare better than most in the context of this study.  The flexibility to calculate these indices at different time scales allows for measuring short-term water supplies, an indicator for soil moisture and soil wetness, essential for detecting agricultural droughts and consequent crop failure (Mishra & Singh, 2010). Since agricultural production is the main mechanism through which droughts are expected to affect individuals livelihoods and availability of resources opting for a suitable measure for agricultural droughts is a sensible choice. In addition, both indices are easy to calculate, especially SPI given that it only relies on precipitation data. The SPEI, taking the extra step of accounting for evapotranspiration, offers a more complete representation of climatic water balance, making it particularly useful for analyzing drought impacts across both rainfed and irrigated agricultural systems (Vicente-Serrano et al., 2010). These indices are also spatially stable (Mishra & Singh, 2010) allowing for comparison across different agroecological zones pertinent to the Sudanese context. Most importantly when compared to other indices (not including SPEI), SPI was superior in detecting drought events in East Africa given its aforementioned strengths in addition to its adaptability to the local climate and modest data requirements particularly important in a region with limited weather stations (Ntale & Gan, 2003). [3:  See Mishra and Singh 2010 for a review of the different drought indices.] 

The SPEI index is a standardized measure that takes values from -2 to 2 as explained in table 1
Table 1 Significance of values of SPEI index
	Values
	Drought category

	0 to -0.99
	Mild Drought

	-1 to -1.49
	Moderate Drought

	-1.5 to -1.99 
	Severe Drought

	≤-2
	Extreme Drought


 Source: (McKee et al., 1993)
While Vicente-Serrano et al., 2010 have done the work of creating a full database of SPEI, I follow Harari & Ferrara's (2018) approach in recalculating the index using different data sources for temperature and precipitation. The CRU TS3.0 that Vicente-Serrano et al. (2010) use to calculate the SPEI calculation rely on observations recorded by weather stations which present certain limitations in the context of Sudan and sub-Saharan Africa more generally. First, due to the sparse distribution of weather stations, substantial interpolation is required to generate data at the level of analysis required (Harari & Ferrara, 2018). This heavy interpolation could artificially induce spatial correlation in weather shocks, potentially biasing estimates of true interdependencies. Second, the presence and availability of weather stations data may itself be endogenous to conflict dynamics. I, therefore, use precipitation and temperature data produced by the Climate Hazards Center at the University of California Santa Barbra: CHIRPS and CHIRTSMax respectively. These datasets are superior to CRU TS3.0 because they combine both satellite and station data overcoming biases typical to the usage of only one or the other of these two sources of data (Climate Hazards Center, UC Santa Barbra). Both CHIRPS and CHIRTS data are available daily in a 5 KM by 5 KM grid. 
In my analysis, I average the daily data to a month and the grided data to the locality level to calculate the SPEI at a month locality level for the years 1983 to 2016. Given that short-term scales are more suitable for detecting agricultural conditions, I calculate SPEI at a 4-month scale (Harari & Ferrara, 2018). I use both the raw values of the SPEI index and a drought measure that takes 0 or 1 if SPEI is less than or equal to -1.5, that is if this period experienced anything from a severe to an extreme drought. 

Conflict
There are two main sources of geolocated conflict data. The Uppsala Conflict Data Program (UCDP) and Armed Conflict Location and Event Data (ACLED). Each dataset has its strengths. The UCDP provides records of conflict events going back to 1989 and therefore allows to form a longer-term dataset than the ACLED data available providing records starting 1997. ACLED data, however, provides a more comprehensive documentation of conflict events including a wide range of civil unrest events such as rebels and riots using a variety of sources. The UCDP only records conflicts of at least 25 battle-related deaths per year. I rely on the UCDP data given its longer time span. I believe the conflict documentation approach of the UCDP data is suitable for the context of Sudan where large civil conflicts with considerable battle deaths are ubiquitous. From the UCDP data I construct two variables, a binary variable for a conflict happening or not and a fatalities variable indicating the number of fatalities in each conflict. In future versions, I will use the ACLED database as a robustness check. 

Migration routes
To define migration routes, I use retrospective migration data at the individual level from the Sudan Labor Market Panel Survey (SLMPS) 2022 (OAMDI, 2023). The survey tracks the history of movement of the individuals interviewed throughout their life from one locality[footnoteRef:4] in Sudan to another or outside the country that lasted more than 6 months. It has information on the year of movement, origin locality, destination locality and reason of movement. To identify migration routes, I count the number of movements between two localities in the SLMPS dataset across all individuals and all years. I consider two localities having an established migration route between them if there are at least four or six movements between them. A sum of four or six movements between two localities correspond to the 85th percentile and 90th percentile of the number of movements between localities in the dataset respectively (Figure 1). In a future iteration of the paper I aim to support my migration data with ethnographic evidence on pastoralist migration routes. [4:  Second administrative level in Sudan. There are 189 localities in Sudan but 124 in my dataset.] 
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[bookmark: _Ref196622586]Figure 1 Distribution of frequency of movements between pairs of localities

Descriptive statistics
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Figure 2 Conflict years (1989-2016) (UCDP data)
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Figure 3 Drought years (1989-2016) (based on SPEI calculated using CHIRPS and CHIRTS data)
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Figure 4 Migration network in Sudan (SLMPS data)
Empirical Strategy
To estimate the effect of droughts on conflict whether in the origin or the destination location I estimate a series of Two-Way Fixed Effects models using different definitions of the treatment variable.
First, I define the treatment as the continuous value of the SPEI index. Higher values of the index indicate more water supplies and lower values indicate less water supplies, a negative value of the coefficient on SPEI indicates a positive correlation between drought and conflict. I also estimate lagged models accounting for the lagged effect of droughts up to two lags. I define destination locality as locality with an established migration route (4 or 6 movements in the dataset) with the origin locality. 
Equations 1 to 3 correspond to the relationship between SPEI in the present and lagged SPEI on conflict in the origin locality. Equations 4 to 6 correspond to the relationship between SPEI and conflict in the destination location. The main difference aside from the outcome variable is that in equations 4 to 6 I take the fixed effects of the migration route and year instead of locality of origin and year (in equations 1-3).
 (1)
 (2)
 (3)
: Conflict in the origin locality (locality where drought occurred) in year t 
: Value of SPEI index in the locality of origin at time t
: Value of SPEI index in the locality of destination at time t
: Lagged value of SPEI index in the locality of origin, i =(1, 2)
: locality of origin fixed effect
: error term accounting for other unobservable characteristics for locality of origin and year
 (4)
 (5)
(6)

: Conflict in the destination locality (locality with established migration route with a locality that experienced drought)
: Value of SPEI index in the locality of destination at time t
: Lagged value of SPEI index in the locality of destination, i takes the value 1 or 2
: migration route fixed effect
: error term accounting for other unobservable characteristics for migration route and year
In my second specification I define treatment as a binary variable that takes 1 if origine locality experienced severe drought, 0 otherwise. I also use different specifications of this model taking into account present drought events, drought events in the past year, and drought events in the past two years. This is not a traditional event study given that the treatment turns on and off. In a future iteration of this paper I plan to address this issue.
 (7)
 (8)
 (9)
: Origin locality experienced an SPEI less than or equal to -1.5 in time t
: Origin locality experienced an SPEI less than or equal to -1.5 in time t-i, i=(1,2)
 (10)
 (11)
 (12)
Results
The results indicate the existence of a positive and significant relationship between the SPEI values and the incidence of conflict in origin location suggesting that droughts decrease the probability of conflict at least in the origin location. While the relationship between the SPEI and the conflict in destination location is not significant, the sign holds when I limit destination locations to the five movement migration route definition. The results are clearer when I use the incidence of a severe drought as a treatment variable. I find that a drought in the past year is significantly predictive of a conflict at present in the origin location. Conversely, a severe drought is a significant predictor of conflict in the destination location up to two years from the occurrence of drought.
[bookmark: _Hlk196630722]Table 2: Relationship between SPEI and conflict incidence in origin location
	 
	Conflict in origin
	Conflict in origin
	Conflict in origin

	SPEI
	0.055
	***
	0.042
	***
	0.044
	***

	
	(0.010)
	   
	(0.010)
	   
	(0.010)
	   

	SPEI (t-1)
	        
	   
	0.054
	***
	0.050
	***

	
	        
	   
	(0.009)
	   
	(0.009)
	   

	SPEI (t-2)
	        
	   
	        
	   
	0.018
	** 

	
	        
	   
	        
	   
	(0.009)
	   

	Constant
	0.090
	
	0.092
	
	0.093
	

	 
	{0.002}
	 
	{0.006}
	 
	{0.034}
	 

	N
	6426
	   
	6237
	   
	6048
	



[bookmark: _Hlk196630608]Table 3: Relationship between SPEI and conflict incidence in destination location (migration routes defined based on four movements between localities)
	 
	Conflict in destination locality
	Conflict in destination locality
	Conflict in destination locality

	SPEI
	-0.047
	*  
	-0.038
	*  
	-0.045
	*  

	
	(0.024)
	   
	(0.021)
	   
	(0.024)
	   

	SPEI (t-1)
	        
	   
	-0.029
	   
	-0.040
	   

	
	        
	   
	(0.030)
	   
	(0.027)
	   

	SPEI (t-2)
	        
	   
	        
	   
	0.033
	   

	
	        
	   
	        
	   
	(0.029)
	   

	Constant
	0.113
	
	0.115
	
	0.117
	

	 
	{0.006}
	 
	{0.012}
	 
	{0.023}
	 

	N
	655
	   
	647
	   
	635
	

	
	
	
	
	
	
	



Table 4: Relationship between SPEI and conflict incidence in destination location (migration routes defined based on six movements between localities)
	 
	Conflict in destination locality
	Conflict in destination locality
	Conflict in destination locality

	
	
	
	
	
	
	

	SPEI
	-0.157
	***
	-0.145
	***
	-0.145
	***

	
	(0.036)
	   
	(0.033)
	   
	(0.033)
	   

	SPEI (t-1)
	        
	   
	-0.104
	   
	-0.108
	   

	
	        
	   
	(0.081)
	   
	(0.078)
	   

	SPEI (t-2)
	        
	   
	        
	   
	0.028
	   

	
	        
	   
	        
	   
	(0.083)
	   

	Constant
	0.134
	
	0.136
	
	0.142
	

	 
	{0.004}
	 
	{0.004}
	 
	{0.018}
	 

	N
	346
	
	341
	
	334
	




Table 5: Relationship between severe drought incidence and conflict incidence in origin location
	 
	Conflict in origin locality
	Conflict in origin locality
	Conflict in origin locality

	Severe Drought
	-0.004
	   
	        
	   
	        
	   

	
	(0.048)
	   
	        
	   
	        
	   

	Severe Drought (t-1)
	        
	   
	-0.108
	***
	        
	   

	
	        
	   
	(0.037)
	   
	        
	   

	Severe Drought (t-2)
	        
	   
	        
	   
	0.091
	   

	
	        
	   
	        
	   
	(0.082)
	   

	Constant
	0.090
	
	0.090
	
	0.090
	

	 
	{0.010}
	 
	{0.007}
	 
	{0.016}
	 

	N
	6426
	   
	6426
	   
	6426
	








Table 6: Relationship between severe drought incidence and conflict incidence in destination location (migration routes defined based on four movements between localities)
	 
	Conflict in destination locality
	Conflict in destination locality
	Conflict in destination locality

	
	
	
	
	
	
	

	Severe Drought
	-0.001
	   
	        
	   
	
	

	
	(0.095)
	   
	        
	   
	
	

	Severe Drought (t-1)
	        
	   
	-0.058
	   
	        
	   

	
	        
	   
	(0.093)
	   
	        
	   

	Severe Drought (t-2)
	        
	   
	        
	   
	0.202
	   

	
	        
	   
	        
	   
	(0.172)
	   

	Constant
	0.003
	
	0.003
	
	0.004
	

	 
	{0.001}
	   
	{0.001}
	   
	{0.001}
	 

	N
	655
	   
	655
	   
	655
	



Table 7 Relationship between severe drought incidence and conflict incidence in destination location (migration routes defined based on six movements between localities)
	 
	Conflict in destination locality
	Conflict in destination locality
	Conflict in destination locality

	
	
	
	
	
	
	

	Severe Drought
	0.163
	***
	
	
	
	

	
	(0.044)
	   
	
	
	
	

	Severe Drought (t-1)
	        
	   
	0.110
	   
	        
	   

	
	        
	   
	(0.098)
	   
	        
	   

	Severe Drought (t-2)
	        
	   
	        
	   
	0.044
	   

	
	        
	   
	        
	   
	(0.103)
	   

	Constant
	0.132
	
	0.132
	
	0.133
	

	 
	{0.005}
	 
	{0.011}
	 
	{0.011}
	 

	N
	346
	
	346
	
	346
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