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Abstract

:

There is limited understanding of the geopolitics of fire, conflict, and land, for example, how conflict and fire are related and how conflict impacts the biophysical environment. Since 2014, the natural environment in the Kurdistan Region of Iraq has been negatively affected by recurrent conflict that coincided with a sharp increase in the number of reported fires. Against this background, this study explores the spatiotemporal aspects of conflict, fire, and land use and land cover in this region. We combine several satellite-derived products, including land use and land cover, active fire, and precipitation. We apply a partial correlation analysis to understand the relationship between fire, conflict, climate, and land use and land cover. Conflict events and fires have increased since 2014 and have followed a similar temporal pattern, and we show that certain conflicts were particular to certain land use and land cover contexts. For example, the conflict involving the Islamic State was concentrated in southern areas with bare soil/sparse vegetation, and the conflict involving Turkey largely took place in northern mountainous areas characterized by natural vegetation and rugged topography. This dichotomy indicates divergent effects of conflict on the land system. A surprising finding was that fire hotspots had a low positive correlation with the amplitude of distance to conflict while accounting for other variables such as land cover and climate. The high statistical significance of this relationship indicates nonlinearity and implies that a larger range of distances to conflict creates more space for the fires to spread in the surrounding landscape. At the same time, fire hotspots had a weaker but negative correlation to distance from conflict events, which is somewhat expected as areas farther away from conflict locations have lower exposure risk to fires. We discuss the implications of these findings within the geopolitical context of the region and acknowledge the limitations of the study. We conclude with a summary of the main findings and recommendations for future research.
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1. Introduction


The environmental effects of armed conflicts are many and do not follow a uniform pattern [1,2]. Peace and security are partly dependent on environmental security, and thus also upon understanding the interactions between conflict and the environment [3]. Armed conflicts include some of the most far-reaching shocks that can affect a land system. They can, for example, lead to land abandonment [4,5], changes in land-use intensity [6] and affect rates of deforestation [7,8]. On the one hand, studies showed that conflict zones have experienced reforestation and increased protection of biodiversity [9,10], for example, as a side-effect of land abandonment [11]. On the other hand, studies also found that peace agreements may lead to negative outcomes for the environment as they incentivize economic development, as evident in Colombia where deforestation has increased since the ratification of the peace agreement between the government and the Fuerzas Armadas Revolucionarias de Colombia [12,13]. Furthermore, armed conflicts can affect non-adjacent areas through the movement of refugees [14], indicating, among other things, a telecoupling effect [15]. Although the environmental dimensions of conflict as a topic of research have received more attention in recent years, it remains a complex issue with many uncertainties. These uncertainties stem primarily from the fact that conflict zones are often inaccessible to researchers due to security risks, which necessitates the gathering of data from these regions remotely.



Satellite remote sensing and geospatial analysis allow us to study and quantify changes in land use and land cover (LULC) and their geopolitical contexts. There is an increasing amount of freely available Earth observation data of reasonably high spatial and/or temporal resolution to allow for near-continuous monitoring of land systems in conflict. Furthermore, with long satellite data records, such as optical data from the Landsat archive, we can study armed conflicts dating back to the 1980s (cf. Eklund, Persson and Pilesjö [5]). In addition to optical data, synthetic aperture radar is also increasingly being used to map structural damage in conflict zones [16,17]. Earth observation can also be used to derive information beyond the amount of surface reflectance at different wavelengths. The availability of satellite-based data products on, for example, precipitation [18], night-time lights [19] and active fires [20,21] are especially important in areas where ground measurements are scarce, such as in geopolitically turbulent regions.



Fires are a common natural feature in land systems across the world. They can start through a variety of ways (e.g., lightning) and are generally more likely during certain climatic conditions such as during droughts and at higher temperatures, but always in combination with the availability of burnable biomass [22,23,24]. In many areas of the world, often in indigenous communities, fire is used as a land or ecosystem management tool [25,26] to, for example, increase turnover of nutrients or redistribute them within the soil. While environmental factors are important for fire risk, studies have found that humans are the source of most fires [22,27] as they can cause unintended (e.g., negligence) or intended (e.g., arson, land management) ignitions of fires.



Fires are also distinctive features of conflict zones as they are used offensively or occur as collateral damage. In the Kurdish region of Turkey, for example, intentional burning of land was used as a counterinsurgency strategy by the Turkish army in the early 1990s [28,29]. There was also an increase in fires after the failure of the peace process between the Turkish State and the Kurdistan Workers’ Party in 2015 [30]. In neighbouring Iraq, Rasul et al. [31] reported an increase in burned land area between 2001 and 2019, especially in the northern parts, including the Kurdistan Region of Iraq (KR-I). One of the reasons for this sharp increase in burned area was attributed to the intentional burning of cropland as well as the overall geopolitical instability in the country.



Although fire has a direct and visible impact on LULC, the overall geopolitical environment of conflict zones, such as the lack of security, also has a strong, albeit slower, impact on LULC. These factors are, of course, intertwined as agricultural land abandonment during conflict increases the amount of biomass on fields that could then be ignited during the conflict. In Iraq, several studies investigated the effect of conflict on agricultural land cover [5,6,32]. For example, Eklund, Persson and Pilesjö [5] showed how in the 1980s a series of attacks carried out by the Iraqi Government in the Kurdish Regions of Iraq, called the Anfal Campaign, was followed by a reduction of active cropland area around 1990.



It is reasonable to assume that areas where conflict had subsided would show a reduction in fire activity. However, that is not necessarily the case as, depending on the region, peace brings with it opportunities for the development of land that was abandoned due to conflict. This could involve using fire to clear the land and prepare it for agriculture. In Colombia, Armenteras, Schneider and Dávalos [12] found a 6-fold increase in fires in protected areas after the peace accord in 2016 due to both legal and illegal deforestation. This indicates that peace processes have varying impacts on the prevalence of fire, and more empirical research on the topic is needed.



Study Rationale and Objectives


The geopolitical aspects of fire and the land system have received limited attention with a relatively few number of cases where fire was associated with conflict and violence [23,33]. Our aim in this article is to initiate a dialogue about the geopolitics of fire, conflict and land through a case study in the Kurdistan Region of Iraq. As such, this study should be viewed as an initial step in deciphering the interdisciplinary complexities of fire, conflict and land on a larger scale using satellite remote sensing as the key tool. We quantitatively assess claims of conflict-related increases in fire events in the region as well as the role of climate. This will aid our understanding of the relationship between violent conflict, fire events and their interaction with the land system. We use satellite data products and geospatial analysis to study the dynamics of conflict, fire and land, focusing on the most recent 20 years (2000–2019). Specifically, we ask the following questions:




	
How has LULC in KR-I changed between 2000 and 2019, and in particular during the latest conflict periods that took place from 2014 onwards?



	
How do the dynamics of fires and conflicts correspond across time and space?



	
In what LULC contexts do conflicts and fires co-occur?



	
What is the role of climate in the prevalence of fires?








As the objective of this study is to better understand the interplay between fire, conflict and land in this volatile region, we focus specifically on changes in vegetative cover for two reasons. First, croplands, forests and pastures are consistently under the influence of anthropogenic activity and at the receiving end of social and political decisions [34], inter-group conflict and terrorism [35,36] due to their importance for food security and livelihoods. Second, croplands in Iraq are regularly burned as part of the agricultural cycle, and the trend in their burned area has increased considerably in recent years [31], while 15% of the country’s forests, which are mostly located in the KR-I, are at high risk of forest fires [37]. We are also interested in areas with sparse vegetation cover as such regions were found to be linked to anthropogenic activity in a biophysically similar area in Syria [38].





2. Background on the Geopolitics of the Region


2.1. The Conflict Context in Iraq: 2000–2019


In the aftermath of the 9/11 attacks in 2001, the United States (U.S.)-led coalition forces invaded Iraq in March 2003 based on false information about the presence of weapons of mass destruction [39]. Although the coalition forces declared victory as early as May 2003, conflict in Iraq continued in subsequent years between militias and remaining U.S. forces, and among rivalling militias. Violence and conflict began to decrease from 2007 onwards and the U.S. forces withdrew from Iraq in 2011. Following the U.S. withdrawal, tensions and clashes between the Federal Government of Iraq and the Kurdistan Regional Government (KRG) continued. In January 2014, the so-called Islamic State (hereafter IS) captured the cities of Raqqa in Syria and Falluja and Ramadi in Iraq, starting a new war in the region. By June 2014, IS had captured the cities of Mosul and Tikrit and announced its leader, Abu Bakr al Baghdadi, as caliph. Global powers (U.S. and Russia), regional actors (Turkey, Iran, Saudi Arabia, Jordan) and quasi-states (the KRG and the Democratic Federation of Northern Syria) were all involved in the war between the Federal Government of Iraq and IS that continued until 2017. The U.S.-led coalition army called the “Combined Joint Task Force–Operation Inherent Resolve” (including states such as the United Kingdom, Australia, Canada, France, the Netherlands) began fighting IS in August 2014 following what is now referred to as the Yezidi Genocide by IS in the Sinjar Mountains. From 2015 onwards, the areas that were captured by IS in Iraq had been recaptured. Over 26,000 soldiers and military personnel and nearly 70,000 civilians reportedly died between 2014 and 2017 [40,41]. Even after the announcement of IS’s territorial defeat in March 2019, IS continues to carry out sporadic but significant attacks on civilians and military targets in Iraq and Syria. Between 2014 and 2016, 87% percent of the conflict events in the KR-I that had at least one fatality were related to the conflict with IS, according to the Uppsala Conflict Data Program (UCDP) [42].




2.2. The Turkey–PKK Conflict


The Kurdistan Workers’ Party (Partiya Karkerên Kurdistan, PKK) was established in 1978 and in 1984 began its war against Turkey to establish an independent Kurdish state. The armed conflict between Turkey and the PKK escalated in the 1990s. The leader of the PKK, Abdullah Öcalan, was captured in Kenya in 1999 and was returned to Turkey, where he was sentenced to lifetime imprisonment. The PKK had declared unilateral ceasefires, both before and after Öcalan’s capture, and also shifted its paradigm from nationalism to democratic confederalism [43]. In 2005, a dialogue between the governing Justice and Development Party (Adalet ve Kalkinma Partisi, AKP) in Turkey and the PKK was initiated by international actors, but the talks were frequently interrupted. The most stable peace process took place between 2013 and 2015, which eventually collapsed in July 2015, resulting in remilitarisation of the conflict. In the aftermath of the peace process, Turkey not only conducted military operations against the PKK within its own borders, but also launched ground and air offensives in northern Iraq and northern Syria based on its claims that the PKK operated in these areas. According to the International Crisis Group, fatalities within the vicinity of the Qandil Mountains in northern Iraq, where the PKK has a military base, have progressively increased over the years, from 64 fatalities in 2016, to 68 in 2017, to 92 in 2018, and to 208 in 2019 [44]. Altogether, the International Crisis Group reports 627 fatalities in the area since 2015. The UCDP reports that 106 of the 124 conflict events (with at least one fatality) recorded in the KR-I during 2017–2019 were linked to the Turkey-PKK conflict [42].




2.3. Media Reports on Environmental Impacts


Fires and deforestation have reportedly increased in the KR-I, especially since 2014, which was due to the combination of armed conflicts, poor governance and climate stress. Although the main group behind forest and cropland fires in Iraq was likely IS, fires were also caused by accident (e.g., electrical short-circuits, sparks from farming machinery, cigarettes) and by farmers who intentionally burned their crops to receive compensation from the government [45]. Tensions in the disputed areas of Iraq, including Makhmour, Kirkuk and the north of Mosul, have led residents to suspect one another for starting fires in those localities [46]. Furthermore, Turkish and Iranian military forces have reportedly deliberately bombarded and burned forests [47] through airstrikes from 2015 onwards, particularly in the Kurdish regions of Iraq, with a claim to target areas with PKK activity.



Crops belonging to Kurdish farmers have reportedly been exposed to “systematic burning” caused by “fire of hatred and detestation” [48]. Although both the Iraqi federal government and the KRG pointed to IS as the main perpetrator behind these fires, KRG officials also alluded to “fire of hatred” in Kurdish farmers’ croplands under a new wave of “Arabization” under the federal government. The Kurdistan Region’s Ministry of Agriculture and Water Resources stated that the crop fires take place almost annually in a large area including Sinjar, Makhmour, and Kirkuk, causing damage to Kurdish farmers’ livelihoods [48]. Forests in distant mountain villages have also been consumed by fires.



One key reason for deforestation and increasing environmental destruction in Iraq, according to media reports, is poor governance. Due to the reduction of fuel subsidies by the local authorities following the 2014 crash in oil prices, people in the region were in need of more fuel during wintertime. Consequently, those living in distant mountain villages “stripped entire forests of trees, and sometimes torched the stumps” [49]. The combination of conflict and political neglect (e.g., prevalence of minefields, lack of vehicles and tools for firefighting, inaccessibility of the rugged mountains and the lack of protection of natural areas) has led to the increase in deforestation and damage to wildlife in Iraq [50], thereby endangering several species of animals and plants [51,52]. In addition to these reported socio-political causes, there are natural causes of deforestation and forest fires such as extreme climate events (e.g., floods or heat waves) which are expected with the variability associated with anthropogenic climate change [53].





3. Materials and Methods


3.1. Study Area


The Kurdistan Region of Iraq (KR-I) is a mountainous region located in northern Iraq, consisting of three governorates: Duhok, Erbil and Sulaymaniyah (Figure 1). The KR-I is a federal state within Iraq and has its own government, the Kurdistan Regional Government (KRG), with its capital located in Erbil city. The KR-I covers an area of about 40,000 km2 and had an estimated total population of 5.1 million people in 2014, of which over 75% are estimated to be living in urban areas. The biophysical environment in the KR-I is characterized by mountains in the north with more natural vegetation (e.g. open woodland and forests) and croplands in the south (Figure 1). Agriculture is mainly focused on cereal crops [5,34], but vegetable cultivation and orchards are also prevalent in the area. The mountains, where agriculture is less common, consist of areas with trees and shrubs as well as pastures.



A survey of forests carried out in the sub-district of Zawita in the Duhok Governorate in the KR-I found that fires were the most important reasons for forest degradation [54]. Tree cutting, forest land conversion and to some extent soil erosion also had an influence but were less obvious. The lack of proper fire control is a major issue in the region, especially in mountainous and inaccessible areas. And fires are used by people for agricultural management or to clear land for housing. Furthermore, fires were found to be a consequence of political conflict, for example between Kurdish parties and the Turkish armed forces.




3.2. Data Description


To study the distribution of, and changes in, LULC we updated a dataset developed by Eklund, Degerald, Brandt, Prishchepov and Pilesjö [6] covering the period from 2000 to 2016. By replicating the same methods used in the original LULC dataset, we expanded the classification to include the years 2017–2019, so that the extended dataset covers the period 2000–2019. The core dataset used for the classification was the Normalized Difference Vegetation Index (NDVI) from the MODerate resolution Imaging Spectroradiometer (MODIS) at a spatial resolution of 250 meters and a temporal resolution of 8 days (Collection 6, MOD13Q1 and MYD13Q1) [55]. The NDVI time series was processed to extract 15 phenological variables that were shown to be significant for mapping the vegetation of this region and to account for seasonal variability in NDVI between the LULC classes [6]. These variables included, for example, median and maximum NDVI and their ratio, amplitude of the NDVI during the year, NDVI during the first and second cropping seasons, and annual slope of the NDVI. For a full list of variables, please see Eklund, Degerald, Brandt, Prishchepov and Pilesjö [6].



To understand the spatial and temporal properties of conflict events in the study area, we used data from the Uppsala Conflict Data Program (UCDP), which provides a global georeferenced dataset of conflict events as point locations. The dataset gathers conflict events from news sources, governmental and non-governmental organization reports, case studies, historical archives and other sources, and defines a conflict event as an instance of organized violence with at least one fatality [42].



The Visible Infrared Imaging Radiometer Suite (VIIRS) Active Fire product provides daily global fire data at a resolution of up to 375 m from 2012 until the present. This type of fire sensing relies on the middle infrared (MIR) portion of the electromagnetic spectrum centred at 3.74 μm to detect thermal anomalies or hotspots, which can indicate the presence of fires. The product derives instantaneous fire energy using radiances from the 375 m MIR band, which is supplemented in case of saturation by the collocated 750 m fire pixel and surrounding background non-fire pixels at the 3.98–4.14 μm range. The strength of each fire is given by the fire radiative power, which is an estimate of the radiative energy emitted by a fire during the observation period. The VIIRS algorithm uses a combination of fixed and contextual tests to detect active fires and other thermal anomalies in the day and night. Only fires classified as type 0, i.e., “presumed vegetation fires” [56], were included in the analysis. Excluded were events of type 2 (“other static land source”) and type 3 (“offshore detection”, e.g., oil flares).



Finally, to understand the role of climate in fire and land dynamics, we used land surface and air temperature (both at 0.1o spatial resolution) from the ERA5-Land dataset [57] and precipitation data from the Climate Hazards Group InfraRed Precipitation with Station (0.05o spatial resolution) [18]. LST is an important biophysical parameter linked to land–atmosphere energy exchange and has been shown to be spatially and temporally altered by fire [58]. The temporal extent of all the climate data was between 2000 and 2019.




3.3. Methods


We used the random forest algorithm [59] to classify the study area into four LULC classes: (1) bare soil/sparse vegetation/artificial surfaces, (2) cropland (single cropped), (3) cropland (double cropped) and (4) other vegetation (which includes forests, pastures, shrublands and to some extent tree plantations). A small number of pixels (<1.5%) were not classified due to quality issues that prevented using all classification metrics. The training data (n = 1573) were collected manually over a period of 5 years (2003, 2007, 2008, 2013 and 2015) on a pixel-by-pixel basis using a combination of medium resolution (30 m) Landsat data and NDVI seasonality over the study area. A model was then created by relating the training data with the corresponding years’ MODIS variables and applied to the entire time series (2000–2019). To assess the validity of this approach, we collected independent validation data (n = 772) from 2014 for each LULC class. The validation process yielded an area-adjusted accuracy of 79.4% based on the guidelines outlined in Olofsson, et al. [60]. For more detailed information about how the LULC dataset was produced, please see Eklund, Degerald, Brandt, Prishchepov and Pilesjö [6].



Year-to-year extents of the different LULC classes over the period 2000–2019 in the Kurdistan Region of Iraq were then extracted from the LULC dataset. We calculated average LULC extents for the different study periods (defined in Table 1) to compare changes in time. Furthermore, we calculated the percent change of the two conflict periods relative to the long baseline period. The conflict periods were determined according to the dominant conflict in the UCDP dataset, i.e., the period with the most conflict events for each year in the KR-I. We used one longer and one shorter baseline period to enable comparing the conflict periods with the dominating long term LULC as well as the LULC just before the two conflict periods. We acknowledge that there are overlaps between these periods, which is why we also show yearly data in our analysis. The periods are thus used to frame the results and put them into context. The two baseline periods represent relative stability in the KR-I, while the two conflict periods represent increased conflict-related violence.



To study the collocation of LULC, fires and conflict, we extracted the LULC class of the corresponding year for all conflict and fire points between 2012 and 2019 (as limited by the temporal coverage of the VIIRS fire dataset). We separated the conflict data by conflict ID to visualize the spatiotemporal change in the number of conflict events relative to their involved parties.



Precipitation and land surface temperature data were averaged over the study area (KR-I) and summarized on a yearly basis to get an indication of which years were drier and warmer, as this might affect both LULC and fire risk [24]. Yearly standardized anomalies (temporal z-scores) for precipitation and temperature were calculated based on the 20-year period using the formula in Equation (1) [61]:


z = (χ − μ)/σ



(1)




where:




	
z = anomaly of precipitation/temperature



	
χ = precipitation/temperature for year in question



	
μ = mean precipitation/temperature for 2000–2019



	
σ = standard deviation of precipitation/temperature for 2000–2019.








The z-score is a dimensionless value that represents the number of standard deviations above or below the long-term mean of precipitation/temperature for each year. A z-score value is statistically significant at the 90% level if it is above +1.645 or below −1.645.



Finally, we explored the relative contribution of conflict and climate to the prevalence of fires using a partial correlation analysis [62]. The purpose of this type of analysis is to find the correlation between two variables while removing the influence of other variables. The input variables for this analysis were created as follows: first, we mapped a fishnet over the study area whereby each cell has a dimension of 10 km by 10 km as the spatial scale for computing variable statistics; second, we derived a gridded surface whereby each pixel represents the distance to a conflict point (in km); third, we calculated the variability of land cover classes with each fishnet cell; fourth, we performed a hotspot analysis using Getis-Ord Gi* [63,64] to identify the spatial clustering of fire points. This method uses spatial z-scores to identify anomalously high (or low) fires, based on their fire radiative power, within the context of surrounding points. Thus, a single location with high fire radiative power may not be a statistically significant hotspot if it is not surrounded by other fire locations that also have high fire radiative power. Getis-Ord Gi* is given as:


   G i *  =     ∑   j = 1  n   w  i , j    x j  −  X ¯    ∑   j = 1  n   w  i , j     S     n   ∑   j = 1  n   w  i , j  2  −    (    ∑   j = 1  n   w  i , j    )   2    n − 1        



(2)




where i and j represent individual fire points; xj is the fire radiative power of point j, wi,j is the spatial weight between point i and j; n is the total number of fire points; X is the mean of all the fire points and S is the standard deviation of all the fire points. We used an inverse distance weighting to assign the spatial weights, which means that closer features have relatively larger weights than points that are farther away.





4. Results


4.1. Changes in LULC 2000–2019


The LULC of the KR-I during the full period (2000–2019) consisted mainly of bare soil/sparse vegetation with an average extent of 39% of total area, other vegetation (32%), and cropland with one harvest period (28%) (Figure 1). Pixels representing double-cropped croplands were merged with the single-cropped class because they were too few in number (98 pixels or 0.03% of the study area). Cropland area had markedly low extents in 2000 (6% of total area) and 2008 (2%). In 2010 and 2016, cropland extent increased to 47% and 50%, respectively. For other vegetation, year-to-year variation was less pronounced, with the lowest extents in 2007 (20% of total area), 2000 (21%) and 2016 (22%), and the largest extents in 2004 (45%), 2018 (43%) and 2014 (41%) (Figure 2).




4.2. LULC Changes during the Conflict Period 2014–Onwards


Comparing average areal coverage of LULC classes during the conflict periods (C1: 2014–2016 and C2: 2017–2019) with the long (B1: 2000–2013) and short (B2: 2010–2013) baseline periods showed a decrease in bare soil/sparse vegetation during the conflicts (Figure 3). A third of the B1 bare soil/sparse vegetation area in C1 and 46% in C2 changed to other classes. Another relevant change was the increase in cropland from B1 to C1 and B1 to C2, representing 73% and 77%, respectively. Finally, the other vegetation classes showed small changes between B1 and C1 (7% increase) but a slightly larger change between B1 and C2 (21% increase). Compared with B2, the changes during C1 and C2 were generally smaller yet still notable within the short-term differences. With respect to a decrease in other vegetation, there was a notable decline during C1 (Figure 2). For example, the year 2016 had the third-lowest extent for other vegetation and coincided with the largest cropland extent over the entire study period.




4.3. Spatiotemporal Patterns of Fire and Conflict


Fire events occurred across the KR-I during the entire 2012–2019 period; however, two areas stood out as particularly exposed to fires: the south-western part of Duhok governorate, and the south-western part of Erbil governorate (Figure 4 and Supplementary Figure S1). These hotspots were located at lower elevations with drier conditions, and the LULC types were either cropland or areas with bare soil/sparse vegetation. Conflict events were also more concentrated in the Duhok and Erbil governorates across different types of LULC. Figure 4 shows a pattern where C1-related conflict events occurred mainly in the southern part of the Erbil governorate, whereas C2-related conflict events were more prevalent in the Duhok governorate.



Between 2012 and 2019, there were 43,792 fires recorded in the KR-I by the VIIRS instrument. From 2014 onwards, fires had generally increased, particularly in areas with other vegetation, for example, forests, woodlands and pastures (Figure 5A). From 2017, there was also an increasing fire trend in bare soil/sparse vegetation areas, and in 2018, most fires occurred in bare soil/sparse vegetation areas. Cropland fires generally followed the temporal pattern of other vegetation fires, although they varied between years. However, the majority of fires in 2019 were located in croplands. A small share of fires occurred in areas with no LULC classification (<1.5% of the area).



The number of conflicts identified by the UCDP in KR-I between 2012 and 2019 was 180 events, of which the majority occurred in the latter years (2018 and 2019, see Figure 5B and Figure 6A and Supplementary Figure S2) and none occurred in 2012. In the first conflict period (2014–2016, C1), conflict events occurred mainly in bare soil/sparse vegetation areas. In the second conflict period (2017–2019, C2), however, the majority of conflict events occurred in other vegetation areas or areas with no defined LULC class, which generally corresponded to areas with rugged topography and steep slopes.



Overall, we found sharp increases in both conflict and fire events in the KR-I from 2017 onwards. We also noted that both conflict and fire events were increasingly occurring in areas with other vegetation. This corresponded with the shift from C1 to C2, where conflict events between IS and the Iraqi government dominated the C1 period, and conflict between the Turkish Government and the PKK dominated the C2 period (Figure 6A). It is important to note that very few conflicts were related to other events during this time. The majority of conflicts related to the war with IS occurred in areas with bare soil/sparse vegetation (Figure 6B). Conversely, conflicts between the Turkish Government and the PKK were located mainly in areas with other vegetation and areas with rugged topography.




4.4. Yearly Precipitation and Land Surface Temperature


The precipitation z-scores in the KR-I show that most years were within 1 standard deviation of the mean precipitation value for the whole period (Figure 7). Three years with negative anomalies of more than 1 standard deviation below the mean could be identified: 2000, 2008 and 2017, with a statistically significant (p = 0.10) trough in 2008. Positive anomalies of more than 1 standard deviation were found in the years 2006, 2018 and 2019, with the latter 2 years crossing the 90% threshold of statistical significance. For temperature, only 3 years showed anomalies deviating more than 1 standard deviation from the mean. Both 2010 and 2018 showed statistically significant (p = 0.10) temperatures above normal conditions, and 2011 was the only year with temperatures below normal conditions. The C1 period (2014–2016) exhibited precipitation and temperature values that were within the normal range with no anomalies crossing ± 1 standard deviation. The C2 period (2017–2019), however, included years with both below and above normal precipitation, and 1 year with temperatures much higher than average.




4.5. Partial Correlation Analysis


The results from the partial correlation analysis are presented in Table 2. In experiments 1 and 2, neither mean annual temperature (r = 0.098) nor the mean annual rainfall (r = −0.004) had a strong correlation on the fire hotspots when accounting for the distance to conflict and land cover variability. Including the effect of conflict and land cover did not increase the correlation with climatic variables by much (r = 0.11). However, experiment 1 exhibited strong statistical significance (p < 0.000) despite practically nonexistent linear correlation, which could imply that the relationship between mean annual temperature and the fire hotspots when accounting for conflict, rainfall and land cover is strongly nonlinear [65]. The correlation was still poor when the climate variables were combined in interaction terms (experiments 5 and 6). The highest positive correlation was found for the amplitude of distance to conflict within each 10 km fishnet cell while accounting for climate and land cover variability (r = 0.37). The amplitude of distance to conflict is the minimum distance to conflict subtracted from maximum distance to conflict within each 10 km fishnet cell. In contrast, the highest negative correlation was for the mean distance to conflict events while accounting for climate and land cover variability (r = −0.17).





5. Discussion


5.1. LULC Change in KR-I from 2000–2019 and During the Conflict Periods


The main changes in LULC shown by the data were between cropland and bare soil/sparse vegetation classes. The severe drought of 2008 [66] resulted in a sharp increase in bare soil/sparse vegetation at the expense of cropland, but cropland returned in subsequent years (Figure 2), suggesting that these years were either crop failures or years with increased fallow areas. The conflict periods were linked to a general increase in cropland compared to the baseline period (2000–2013, B1), which may be explained by several factors. Firstly, precipitation and temperature have been found to influence the active vs. fallow cropland dynamics in Syria [67], and our data show that from 2014 onwards, all years but one are either normal precipitation years or wetter than usual (Figure 7). Secondly, temperatures from 2014 onwards are generally normal but much higher than usual in 2018. The C1 period thus shows normal climatic conditions that correspond to an increase in cropland. The C2 period shows more anomalous weather conditions but overall increased rainfall, with a decrease in cropland in 2018 (when temperatures and precipitation were higher than normal) and an increase in 2019 (when temperatures were normal and precipitation levels were above normal).



Investigating areas occupied by the Islamic State in 2015, Eklund, Degerald, Brandt, Prishchepov and Pilesjö [6] found that most croplands had been maintained during the conflict, and some areas had seen increases in cropland extent. While the KR-I territory was never occupied by the Islamic State, the proximity to conflict and its effects may have had indirect effects on how the land was used. Indeed, there were more than 800,000 internally displaced persons (IDPs) in the KR-I [68]. Out of these IDPs only 0.3% were from within the region; the rest arrived fleeing conflict from neighbouring regions. An influx of refugees may increase the demand for food as well as the availability of labour, and this demand may (partly) be met by local production. Economic decline and unemployment linked to conflict and political instability may have led urban residents, who largely have a rural background, to move back to rural areas and engage in agriculture [34]. In general, the effect of conflict on the agricultural system was found to vary between different cases, and may show either increased or decreased cropland activity or a combination of both [1,4,5,6,11].



The other vegetation class, which includes forests, pastures, shrublands and other vegetated areas, showed relatively smaller changes. This was not surprising as areas cleared of forests were more likely to be replaced by grass and shrubs than croplands or bare soil/sparse vegetation due to the topography and relatively high soil fertility [69] in the forested areas of the KR-I. However, the dataset we used was not ideal to identify changes in tree cover, since most such changes are likely to happen within the other vegetation class. We observed an increase in other vegetation during period C2 that corresponded with conflict and fires occurring largely in areas with natural vegetation. This was unexpected in the context of conflict zones and may mean that favourable climate conditions have transformed areas of bare soil/sparse vegetation to be covered by herbaceous vegetation. These findings call for more detailed investigation, using finer resolution satellite data and preferably field verification if the security situation allows.




5.2. Spatiotemporal Patterns of Conflict and Fire Events


Two main hotspots of fire activity were observed between 2012 and 2019: in the western Duhok governorate near the Turkish border and in the south-western Erbil governorate (Figure 4, Supplementary Figure S1). While the fire hotspots were in areas dominated by cropland or sparse vegetation, other fires were scattered in areas with other vegetation, including forests, pastures and shrublands, but with no specific concentration across space. Fires were generally more common in areas with other vegetation in the KR-I (Figure 5A). This can be explained by the ready availability of burnable biomass in these areas. However, there was an increase in fires in both cropland areas and bare soil/sparse vegetation areas from 2017. One explanation is an increased use of fire in management of agricultural land as a method to improve soils [31]. Fires in bare soil/sparse vegetation areas are less expected, which necessitates field verification. The absence of vegetation does not suggest that there is nothing that can burn. For example, in built-up areas several things can be set on fire such as urban trees and shrubs, cars, garbage, etc.



We recorded a general increase in both fire and conflict events from 2014 onwards and a strong increase in 2017–2019 (C2 period). Although the C1 period (Government of Iraq vs. IS) experienced both increases in fire and deadly conflict events, the C2 period (Turkey–PKK conflict) was worse in the KR-I in terms of both fires and violence (Supplementary Figure S2). While not all fires were associated with conflict, the results indicate that there was a temporal relationship where fires were less related to where deadly conflict events occurred and more related to the overall tensions in the region (e.g., skirmishes that involve arson). Of particular note is the fact that fires increased during the C1 period despite normal weather conditions. Fires increased substantially in C2, which may be partly explained by the three concurrent phenomena over that period. First, there was an increase in the amount of rainfall from 2018 onwards. However, the negative anomalies in 2017 were not at a noteworthy level of significance (i.e., they did not reach −1.645 standard deviations), so the rainfall that year was not particularly low. Second, there was an increase in cropland in the KR-I as shown in Figure 2, indicating increased availability of combustible biomass, particularly post-harvest. Third, we observed an increase in conflict events from 2017 until 2019 (Figure 5B), which suggests that there is an increased probability for burning to occur.



The latter conflict (C2) exhibited a different spatial pattern compared to C1 and was focused in areas with more natural vegetation at higher altitudes (Figure 5B and Figure 6B). This was expected as the Turkish airstrikes against the PKK are known to take place in places such as the Qandil Mountains, where the PKK guerillas and top-level administrators were based [70]. Similarly, it is reasonable to assume that conflict events during C1 took place to a larger extent in bare soil/sparse vegetation areas, which were located closer to the southern parts of the KR-I that were adjacent to IS territory.



Overall, our results indicate that as conflicts increase, so also do the number of fires. At a more detailed level, however, we do not find a very strong spatial relationship between fire and conflict events reported in the UCDP dataset. Here, it is important to remember that the UCDP measures conflict incidents with at least one fatality, and thus omits other conflict events with no reported fatalities, which may very well influence fire occurrence. This finding should be further investigated to better understand the conflict–fire nexus.




5.3. Relationship between Fire, Conflict and Climate


The partial correlation analysis (Table 2) revealed an intricate relationship between the clusters of fire hotspots, mean annual temperature, mean annual rainfall, landscape variability and distance to conflict. What can be inferred is that fire hotspots clustered according to their magnitude (i.e., fire radiative power) are moderately correlated with the amplitude of distance to conflict at a scale of 100 km2 while accounting for other variables. The amplitude is the difference between the shortest and longest distance to conflict. The fact that this relationship is positive means that for a given area there will be more fire events where there is a larger range of distances to conflict, provided, of course, that there is burnable biomass. This suggests that variability in distances to conflict within each cell is beneficial for the accumulation of fire, perhaps because there is more space for fire events ignited by one conflict to spread in the surrounding landscape and be intensified by another conflict (Supplementary Figure S3). This relationship is interesting because it is somewhat counterintuitive and requires further investigation. Evidently, the partial correlation controls for changes in land cover and climate, which can reduce this relationship. However, there does seem to be a saturation threshold (Supplementary Figure S4) regarding the relationship between these two variables, which is invariably linked to the scale of observation as there is a limit to the extent that fires can spread within a given fishnet cell. Thus, it remains an open question whether this relationship holds in other conflict settings or at other scales. Furthermore, there is a statistically significant, albeit comparatively weaker and negative, correlation between the mean distance to conflict within each fishnet cell and the fire clusters. This is somewhat expected as areas farther away from conflict locations have lower exposure risk to fire clusters.




5.4. Limitations and Future Research


A major limitation lies in the level of detail in the LULC dataset, where the other vegetation class includes different LULC types that would be interesting to investigate. Here, we have prioritized using a dataset with high temporal resolution that has been evaluated for this particular region, as opposed to using a ready-made global product with a lower accuracy (Supplementary Figure S5) that likely has not been substantially validated in this area. Nonetheless, diversifying the number of classes for this region by, for example, including a “forest” class will invariably aid the understanding of the relationship between fire and conflict. Several of the UCDP conflict events were recorded in areas with no data on the LULC classification, especially in 2019. This limitation is due to quality issues in those pixels as they correspond with areas that have rugged topography. It is therefore safe to assume that most of the conflict events targeting the unknown LULC class are happening in mountainous areas, which are either bare rock (at the highest altitudes) or other vegetation. Nonetheless, using other vegetation indices, such as those that have been tested in semi-arid environments [71], or including topographic variables [72] in the classification process can further improve the accuracy of the LULC data.



Another limitation relates to the VIIRS fire dataset that limits the study period to 2012–2019 and has a spatial resolution of 375 m, which might exclude smaller fires. Using only type 0 fires (i.e., presumed vegetation fires) should exclude oil flares, but we cannot be certain that only vegetation fires are included in the data, especially for the fires in bare soil/sparse vegetation areas. Nevertheless, VIIRS provides a good overview of the fire dynamics in the region and can help identify focus areas and periods for more detailed assessments. Incorporating change in the population of the region may provide further insight into the link between population dynamics, cropland expansion and active fire detections. However, there are presently no reliable and spatially disaggregated estimates of the KR-I population. Both bottom-up population mapping (linking of census data with geospatial covariates) and top-down population mapping (linking detailed geolocated micro-census counts with geospatial covariates) [73] are not viable in conflict zones due to outdated/inaccurate census data in the case of the former and safety concerns in the case of the latter. The effect of the scale of observation on the prevalence of fire clusters in conflict zones is an interesting one because it means there might be a constraint on the ability of fires to spread across a landscape. Indeed, a study in Israel [74] found that there was a scale-dependent risk level underlined by topography, vegetation cover and climatic conditions that influences the spread of fire. Similar dynamics might be at play here, which necessitates further investigation of the relationship between amplitude of distance to conflict and the clusters of fire hotspots at different scales.





6. Conclusions


Our aim in this paper was to provide an exploratory case study on the geopolitics of fire, conflict and land in the Kurdistan Region of Iraq. By using satellite remote sensing products and spatiotemporal data on armed conflict, we were able to confirm media reports stating that fires and conflicts increased in the region in the second half of the 2010s despite normal or even wetter weather conditions. The results indicate that the increase in fires may be partly related to increased political tensions in the KR-I and its vicinity from 2014 onwards. Corroboration of this was provided by the partial correlation analysis that produced a statistically significant relationship between the clusters of fire hotspots and distance to conflict but with a low correlation coefficient. This combination indicates that the relationship might be nonlinear. An unexpected finding was the relationship between amplitude of distance to conflict and the clusters of fire hotspots, which produced a fairly high correlation and statistical significance. This relationship is possibly linked to scale-dependent risk factors for the spread of fire and necessitates further research.



The two main armed conflicts after 2014 showed clear differences in the localities where they occurred, which suggests that they have been impacting different aspects of the land system. While the conflict with IS was concentrated in bare soil/sparse vegetation areas, the Turkey-PKK conflict largely took place in mountainous areas characterized by natural vegetation. It is therefore likely that the Turkey–PKK conflict had a stronger effect on forested areas than the IS conflict. The LULC data generally show small increases in the extent of the other vegetation class during the conflict periods, but tree-cover maps would be necessary to confirm media reports about deforestation. However, we can conclude at a minimum that the natural areas have not decreased and turned to bare soil/sparse vegetation during the conflict periods. Thus, an improvement of our LULC dataset would include a quantification of tree cover as a separate class. The development of such a dataset would be a natural next step in this research, together with a more detailed analysis of changes in tree cover and its relation to conflict and fire events.



All things considered, this study presents an initial look into the geopolitical aspects of fire, conflict and land. It provides examples of what types of data can be used to gain an overview and points to how we can move forward to investigate these interactions in detail. Therefore, we wish to inspire more research in exploring and investigating these dynamics for a better understanding of the complex interlinkages between fire, conflict and land.
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Figure 1. Map of the study area showing the three governorates that comprise the Kurdistan Region of Iraq (KR-I) and the most frequent LULC over 2000–2019. The black box at the center of the inset globe indicates the location of the KR-I relative to the Middle East and the world. 
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Figure 2. Time series of the proportion of LULC classes in KR-I between 2000 and 2019. Note that single-cropped and double-cropped cropland were merged into one cropland class, which largely consists of single-cropped cropland (see Section 4.1). 
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Figure 3. Changes in average LULC extent between the baseline periods and the conflict periods. Labels with percentages indicate the areal change from the long baseline period (B1) to the corresponding conflict period (C1 or C2). The error bars denote the standard error of each change. 
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Figure 4. Geolocations of 43,792 active fires and color-coded conflict regions (1.5 km point clusters, numbers within the red and black colors refer to the sum of all events at each cluster) for 2012–2019 overlaid on the most frequent LULC during 2000–2019. 
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Figure 5. (A) Active fires recorded in the KR-I by the VIIRS instrument between 2012 and 2019, and (B) Conflict events recorded in the KR-I in the UCDP dataset between 2012 and 2019, and their corresponding LULC classes for the year in question. No Data refers to pixels with no LULC class assigned that occur predominantly in regions with rugged topography. 
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Figure 6. Conflict events recorded in the KR-I in the UCDP dataset between 2013 and 2019, divided by (A) the parties in conflict and year, and (B) the parties in conflict and corresponding LULC class. 
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Figure 7. Standardized anomalies of annually summed precipitation and mean annual land surface temperature (z-scores) over the KR-I area, 2000–2019. The precipitation data are based on Climate Hazards Group InfraRed Precipitation with Station dataset, and the land surface temperature data are based on the ERA5-Land dataset. The horizontal lines (±1.645) indicate the critical values that indicate the significance of the z-score at the 90% level. 
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Table 1. Definition of the study periods based on data about the number of conflict-related deaths in Iraq and the KR-I from the Uppsala Conflict Data Program (UCDP) dataset. The study periods are split according to which conflict was dominant in the UCDP dataset.
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	Baseline Period 1:

Long (2000–2013)
	Baseline Period 2: Short (2010–2013)
	Conflict Period 1: IS-Iraq Conflict (2014–2016)
	Conflict Period 2: Turkey-PKK Conflict (2017–2019)





	B1
	B2
	C1
	C2



	This period is characterized by increased stability in the KR-I, but decreased stability in Iraq as a whole, starting with the U.S.-led invasion in 2003.
	A period of decreased violence in Iraq in general, and particularly in the KR-I.
	War between IS and the Government of Iraq in locations close to the KR-I. As violence related to this conflict was substantially reduced in 2017, this period ends in 2016.
	In 2017, there was an increase in violence related to the Turkey-PKK conflict in the KR-I. The year 2019 marks the end of the study period, not the conflict.
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Table 2. Results of six partial correlation experiments. The response is the focus variable whose variation is being studied. The response variable in this analysis is the sum of hotspot anomalies within each 10 km fishnet cell across the study area. The explanatory variables are also captured within each 10 km fishnet cell and are those that could have an impact on the variability of the response. Amplitude of distance to conflict is the range of distance values from a conflict location; land cover variability is the diversity of land cover pixels. The control variables are those whose effects are masked in each experiment. Note that the value of n varies with the number of interaction terms included.
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Response Variable: Sum of Fire Hotspot (Getis-Ord Gi*)




	
Exp #

	
Explanatory Variable

	
rpearson

	
tpearson

	
p-Value

	
Control Variables






	
1

	
Mean annual temperature

(n = 1371)

	
0.098

	
3.652

	
0.000

	
Land cover variability

Amplitude of distance to conflict

Mean annual rainfall




	
2

	
Mean annual rainfall

(n = 1371)

	
−0.004

	
−0.181

	
0.856

	
Land cover variability

Amplitude of distance to conflict

Mean annual rainfall




	
3

	
Amplitude of distance to conflict

(n = 1371)

	
0.371

	
14.77

	
0.000

	
Land cover variability

Mean annual temperature

Mean annual rainfall




	
4

	
Mean distance to conflict

(n = 1371)

	
−0.17

	
−6.385

	
0.000

	
Land cover variability

Mean annual temperature

Mean annual rainfall




	
5

	
Mean annual

temperature + rainfall

(n = 914)

	
−0.018

	
−0.567

	
0.571

	
Land cover variability

Amplitude of distance to conflict




	
6

	
Mean annual

temperature * rainfall

(n = 914)

	
0.108

	
3.298

	
0.001

	
Land cover variability

Amplitude of distance to conflict
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