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A B S T R A C T   

Wars are frequent and can affect land use substantially, but the effects of wars can vary greatly depending on 
their characteristics, such as intensity or duration. Furthermore, the spatial scale of the effects can differ. The 
effects of wars may be localized and thus close to conflict locations if direct mechanisms matter most (e.g., 
abandonment because active fighting precludes farming), or wide-ranging, e.g., farther away from conflict lo
cations, if indirect mechanisms predominate (e.g., no access to agricultural inputs). Our goal was to quantify how 
the very different wars in the Caucasus region during post-Soviet times most likely affected agricultural aban
donment at different scales. We analyzed data on conflict locations plus Landsat-derived land-cover data from 
1987 to 2015, and applied matching statistics, difference-in-differences estimators, and logistic panel re
gressions. We examined the localized versus wide-ranging effects of the different wars on permanent agricultural 
abandonment and inferred to direct and indirect mechanisms that may have resulted in agricultural abandon
ment. While permanent agricultural abandonment was overall surprisingly limited across the Caucasus, up to one 
third of abandonment was most likely related to the wars. Among the wars, the war in Chechnya was by far the 
most intense and longest, but its effect on abandonment was similar to the less intense and relatively short war in 
Abkhazia. 47 % and 45 % of agricultural abandonment was related to each war, respectively. The reason was that 
the effect of the war in Chechnya was more localized, and abandonment occurred near conflict locations, in 
contrast to Abkhazia, where the effect was wide-ranging and abandonment occurred farther away from conflict 
locations. In contrast, the war in South Ossetia showed no significant effect on abandonment, and the war in 
Nagorno-Karabakh had the surprising pattern that abandonment was higher where no war had occurred. For 
each of the wars, abandonment was predominately related to the nearest conflict locations, but in Abkhazia 
additional conflict locations within 10 km further increased the probability of abandonment. We infer that the 
direct mechanisms of the war such as bombing, and active fighting most likely resulted in a localized effect close 
to conflict locations in Chechnya and in Nagorno-Karabakh. However, in Nagorno-Karabakh subsidies for new 
settlers after the war, (i.e., a positive wide-ranging effect), potentially reduced the amount of abandonment 
there. In contrast, negative wide-ranging effects such as refugee movements and post-war restrictions on their 
return is related to broad-scale abandonment in Abkhazia. In summary, permanent agricultural abandonment 
was not necessarily higher in a war with a high overall intensity. Instead, the effect of a given war varied in scale, 
and was related to the relative importance of direct and localized versus indirect and wide-ranging mechanisms, 
including postwar events and policies, which is likely the case for other wars, too.   
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1. Introduction 

Wars can have strong and potentially long-lasting consequences on 
land use (Baumann and Kuemmerle, 2016), but their effects differ. On 
the one hand, settlements are often destroyed (Lubin and Saleem, 2019) 
and forests are cut when paramilitary groups are present or refugees 
escape to forests (Butsic et al., 2015; Nackoney et al., 2014; Sanchez- 
Cuervo and Aide, 2013). On the other hand, wars can result in the 
growth of settlements when they offer economic opportunity for refu
gees (Pech and Lakes, 2017; Wilson and Wilson, 2013) and forest cover 
can regrow when logging declines after rural populations are forcefully 
displaced (Sanchez-Cuervo and Aide, 2013). Similarly, wars often result 
in agricultural abandonment (Baumann et al., 2015; Sanchez-Cuervo 
and Aide, 2013; Yin et al., 2019), but can also increase agricultural 
activities to raise funds, which was the case in areas controlled by the 
Islamic State in Syria and Iraq (Eklund et al., 2017), or when refugees 
convert forests to cropland to increase production to remain self- 
employed (Maystadt et al., 2020). We focused on agricultural aban
donment, because conflicts are often concentrated in agricultural areas 
(Baumann and Kuemmerle, 2016) and farming is crucial for food secu
rity, especially during wartime (Adelaja and George, 2019). 

The difference in land-use outcomes among wars may be related to 
the characteristics of the wars (Gray and Martin, 2008). While some 
wars are of relatively low intensity, others have high numbers of conflict 
events and fatalities (Cook and Lounsbery, 2017). Similarly, some wars 
are short, while others continue for years (Gray and Martin, 2008). And 
regarding the type of war, some are conventional wars among nations, 
some are guerilla wars aiming to overthrow the government of one 
country, and others are wars for independence (Cook and Lounsbery, 
2017). We assumed that higher intensity and longer duration of a war 
would result in more land-use changes, especially in more agricultural 
abandonment. However, the great variability in agricultural outcomes 
of different wars warrants a closer look at the characteristics of wars and 
the mechanisms via which they affect land use. 

The different mechanisms that affect agricultural abandonment can 
be localized and direct or wide-ranging and indirect. Direct mechanisms 
resulting in agricultural abandonment include restrictions of farmers to 
access their fields because of active combat (The Halo Trust, 2014), the 
destruction of irrigation infrastructure (Özerdem and Roberts, 2012), 
the contamination of fields with land mines, or the killing of farmers 
(The Halo Trust, 2014). Indirect mechanisms include the disruption of 
transportation route and hence access to markets (Unruh and Shalaby, 
2012), limits of agricultural input such as seeds, machines, and fertil
izers (ICRC, 2007), or shortages of agricultural labor due to conscription 
for military service (Eklund et al., 2016; Temudo and Silva, 2012). 
Another set of indirect mechanisms affecting agricultural abandonment 
is related to refugee movements and forced displacement, often 
accompanied by uncertainty in land ownership (Betancur-Alarcón and 
Krause, 2020). In every war, both direct and indirect mechanisms likely 
affect agricultural abandonment, but their relative importance may vary 
among wars. Teasing apart which mechanism matters most is difficult 
though, because of a lack of data measuring them during wars. 

One way to assess the relative importance of direct versus indirect 
mechanisms is to examine the distances, thus the spatial scale, at which 
individual conflict locations, i.e., the actual places where fighting 
occurred, affect agricultural abandonment. To be specific in naming, we 
refer to a single instance of organized violence of armed forces with at 
least one fatality as a ’conflict event’ (Sundberg and Melander, 2013), 
the places where one or more conflict events occurred as ’conflict lo
cations’, the area around conflict locations at certain distances as ‘area 
of all conflicts’, and the combination of many conflict events at conflict 
locations during one or several years as a ‘war’. The effects of direct 
mechanisms of war are presumably fairly local in scale. If direct mech
anisms are most important, abandonment should be concentrated near 
conflict locations where active fighting took place. Indeed, for example 
in the case of the war in Chechnya, agricultural land closer to a conflict 

location was more likely to be abandoned, especially when the conflict 
intensity at that location was high (Yin et al., 2019). In contrast, indirect 
mechanisms are presumably more wide-ranging and if indirect mecha
nisms are more important, abandonment may occur anywhere within 
the area of all conflicts. 

Quantifying the effect of a given war on agricultural abandonment, 
as well as the scale (e.g., distances) at which conflict locations matter, 
presents several methodological challenges. Indeed, some of the afore
mentioned differences in the reported effects of different wars on land 
use may reflect methodological limitations that biased results. When 
assessing the effect of a given war on land use, it is necessary to account 
for changes in land use that would have happened even without the war, 
and that requires both a valid non-conflict area for control and land-use 
information before and after the war. Assessments that lack such a 
control may not provide reliable estimates (Schutte and Donnay, 2014). 
Inferring the effect of a war by summarizing land use before and after the 
war in the area of all conflicts itself (e.g., Jaafar et al., 2015; Witmer and 
O’Loughlin, 2009), may result in biased outcomes, because observed 
changes may be due to other factors, such as droughts, or changes in 
markets. While it is not necessary nor possible to include all these factors 
explicitly when assessing the effect of a war, they need to be controlled 
for. One way, to compare land-use information before and after a war, is 
a difference-in-differences approach, which showed, for example, that 
forest loss after Colombia’s peace agreement increased with the start of 
the ceasefire (Murillo-Sandoval et al., 2021; Prem et al., 2020). Again, 
valid non-conflict samples are needed to rule out the effect of other 
factors. Here, we propose a novel approach to assess the effects of wars 
that includes both a valid control group by using matching statistics and 
a difference-in-differences model (also known as before-after-control- 
impact (BACI)), to consistently estimate the effects of wars and to 
compare them (Plantinga, 2021; Wendland et al., 2015). 

Assessing the effects of conflict events is similarly complicated 
because of the complex interaction of distance-to and intensity-of con
flict locations. To disentangle these interactions requires making conflict 
locations the unit of analysis rather than a region or a municipality 
(Schutte and Donnay, 2014), as is typically done (Castro-Nunez et al., 
2017; Negret et al., 2019; Prem et al., 2020). Studies that analyze the 
conflict location show that the distance to the nearest conflict location 
matters (Landholm et al., 2019; Yin et al., 2019), but they focused only 
on the nearest location, and did not consider the effects of all conflict 
locations and their combined effect on forest change or abandonment. 
However, we assumed that farmers may be more likely to abandon their 
fields if there are several conflict locations in the vicinity, and that their 
land-use decisions would not just depend on the nearest conflict location 
(Linke and O’Loughlin, 2015). 

Our goal was to identify the effects of wars on permanent agricultural 
abandonment. Specifically, we were interested to separate the effect of a 
war in its entirety versus the effect of conflict locations and their in
tensity at different scales on agricultural abandonment, so that we could 
infer the relative importance of localized and direct versus wide-ranging 
and indirect mechanisms via which wars are related to agricultural 
abandonment. We focused on the major wars in the Caucasus, which all 
occurred since the late 1980s, but varied greatly in their characteristics, 
especially in overall intensity and duration. 

Specifically, we had two objectives:  

1. Assess the effects of all four wars together, and the effect of each war 
by itself on agricultural abandonment. We expected that a war with 
higher intensity and longer duration was related to more agricultural 
abandonment.  

2. Assess the scale and the interaction of distance-to and intensity-of 
conflict locations on agricultural abandonment for all wars 
together and for each war by itself. We expected that abandonment 
was more likely when a) the nearest conflict location was closer, b) 
there were more conflict events or more fatalities at that location, 

J. Buchner et al.                                                                                                                                                                                                                                 



Global Environmental Change 76 (2022) 102580

3

and c) there were additional conflict locations in the vicinity, espe
cially locations with high numbers of events or fatalities. 

The combination of the effects of wars in their entirety (objective 1) 
and the effects of near conflict locations (objective 2), provide an indi
cation of the relative importance of indirect versus direct mechanisms. A 
war, in which indirect mechanisms are strong, would exhibit a strong 
overall effect (objective 1), but the effect is not concentrated near the 
conflict locations (objective 2). In contrast, a war in which direct 
mechanisms are most important would have a strong concentration of 
an effect near conflict locations (objective 2), irrespective of the strength 
of the overall effect of that war (objective 1). We expected that the 
relative importance of indirect versus direct mechanisms would differ 
among the wars in the Caucasus, but we did not make an a priori pre
diction in which way. 

2. Methods 

2.1. Study area and the wars in the Caucasus 

Our study area encompassed parts of the Russian Federation (North 
Caucasus), Georgia, Armenia, and Azerbaijan (South Caucasus), with a 
total area of approximately 455,000 km2 (Fig. 1). The study area 
included two major mountain ranges: the Greater Caucasus Mountain 
Range and the Lesser Caucasus Mountain Chain (Zazanashvili et al., 
2012). In the Greater Caucasus the average elevation ranges from 500 to 
3,000 m above sea level (a.s.l.) in the West and declines towards the 
Caspian Sea in the East (Volodicheva, 2002), peaking at 5,642 m a.s.l. at 
Mount Elbrus. Precipitation is highest in the coastal area close to the 
Black Sea, exceeding 2,000 mm per year (Zazanashvili et al., 1999). 
Elevation in the Lesser Caucasus ranges from 2,000–2,800 m a.s.l. in the 
West and 2,500–3,300 m a.s.l. in the South-East with the highest point 
being Mount Aragats (4,090 m a.s.l.) in Armenia (Volodicheva, 2002). 
The climate in the Lesser Caucasus is wet in its western part, but con
tinental in the East and South-East (Zazanashvili et al., 1999). 

Fig. 1. Study area in the Caucasus and the four major wars in Chechnya, Abkhazia, South Ossetia, and Nagorno-Karabakh with the number of conflict events from 
1989 to 2015 in each conflict location, and the area of all conflicts within a 5, 10, 20, and 30 km distance (only 30 km shown in map) (sources: conflict events: 
Uppsala Conflict Data Program (UCDP), elevation: Shuttle Radar Topography Mission (SRTM), outlines: Global Administrative Areas (GADM)). 

J. Buchner et al.                                                                                                                                                                                                                                 



Global Environmental Change 76 (2022) 102580

4

Agriculture is important for employment, economic growth, poverty 
alleviation, and food security in all four countries (Holland, 2016; 
Welton et al., 2013). In the North Caucasus agriculture accounts for 22 
% of the gross regional product (Holland, 2016). In Georgia, Armenia, 
and Azerbaijan, agricultural employment in 2015 was as high as 44 %, 
35 %, and 36 %, respectively (World Bank Data, 2019). In the South 
Caucasus, small family farms practice agriculture as a combination of 
crop and fruit production as well as animal husbandry. Agriculture fo
cuses on vegetables and crops such as wheat and potatoes, but also 
specialty products such as grapes and nuts (Ahouissoussi et al., 2014; 
Welton et al., 2013). 

The region has a long history of ethnic tensions within and among 
countries, which were generally suppressed during the Soviet era, but 
started to rise with the dissolution of the Soviet Union. In the following, 
we refer to the regions of the different wars according to their names 
during the Soviet era, because those names are internationally best 
known. We used those names without any judgment on their post-Soviet 
changes in administrations. Similarly, we named conflict locations after 
the region in which the war they pertained to originated in. For example, 
we referred to conflict locations in the North Caucasus as ‘Chechnya’, 
even though some conflict locations were outside the territory of the 
Chechen Republic. Lastly, we analyzed all conflict events in a given 
region as one war, which means, for example, that we analyzed the first 
and the second Chechen war jointly. 

After the collapse of the Soviet Union in 1991, tensions turned into 
full-scale wars in Chechnya (Russia), Abkhazia (Georgia), South Ossetia 
(Georgia), and Nagorno-Karabakh (Armenia and Azerbaijan) (Zürcher, 
2007) (Table 1). The collapse of the political and economic system of the 
Soviet Union forced the countries to rebuild nations (Cornell, 2000; 
Freni, 2013; Lerman, 2001; Witmer and O’Loughlin, 2011). The Cau
casus is a region of high ethnic diversity and strong national differences, 
as well as unequal living standards and economic disadvantages, which 
fueled the wars as did the dispute over territorial-status and indepen
dence (Freni, 2013; Kolossov and O’Loughlin, 2011; Nussberger, 2008; 
Yamskov, 1991), and Russia’s continued interest in the region (Wiberg 
and Scherrer, 1999). 

The Chechen wars were the most intense with an estimated 72,000 

casualties (Zürcher, 2007). The first Chechen war (1994–1996) started 
three years after Chechnya declared independence from Russia and 
caused a wave of Chechens fleeing into neighboring Ingushetia and into 
the mountains. The capital Grozny was largely destroyed, and around 
40,000 civilians were killed (Zürcher, 2007). The first Chechen war 
ended with the withdrawal of the Russian Army. Between the first and 
the second war (the second war lasted from 1999 to 2009), crime 
increased dramatically in Chechnya, state institutions were dismantled, 
and an Islamic governing body was established. The invasion of Dage
stan and several bombings in Moscow by Islamic rebels from Chechnya 
triggered the Second Chechen War in 1999. Better prepared, the Russian 
military utilized heavy artillery and aerial bombing, which destroyed 
many settlements and cities. Attacks from rebels often targeted Russian 
offices, military, and police. Major operations ended in 2001, and in 
2003 Chechnya presidential elections were held, overseen by Russia. 
The pro-Moscow Chechen government declared the end of the counter- 
terrorism operation in 2009, but clashes with militants remained in the 
North Caucasus (Holland et al., 2017). The second war displaced more 
than 700,000 people, many more than the first war, with the majority of 
the people not being able to return as quickly to their homes as after the 
first war (Zürcher, 2007). 

In Abkhazia, fighting started in 1992 after Abkhazia declared itself 
independent from Georgia. In August 1992, approximately 5,000 
Georgian soldiers entered Abkhazia (Zürcher, 2007), but by September 
1993, Abkhazian forces gained control over Abkhazia, partly because 
Russia provided weapons and tanks (De Waal, 2010). Roughly 240,000 
Georgians fled the region, and 8,000–10,000 people died, more than half 
of whom were civilians (De Waal, 2010; Zürcher, 2007). Russian 
peacekeepers were stationed in Abkhazia in July 1994, but further 
clashes occurred in 1997 and 2001 (Zürcher, 2007), and in 2008 during 
the Five-Day War between Georgia and Russia (Pallin and Westerlund, 
2009). Traveling between Georgia and Abkhazia has been restricted 
since then (De Waal, 2010), and Georgian refugees have been largely 
barred from returning to Abkhazia. It is estimated that more than 50 % 
of Abkhazia’s former population was forced to leave Abkhazia during 
the war, and only 10 % of the former population was able to return 
(Minority Rights Group International, 2018). 

The war in South Ossetia started immediately after South Ossetia 
proclaimed itself independent from Georgia in 1991. In 1992, the Dag
omys Agreement on South Ossetia was implemented but did not solve 
the underlying issues (De Waal, 2010), and did not prevent the Five-Day 
War in 2008, which primarily affected South Ossetia (Pallin and West
erlund, 2009). Compared to the other wars in the Caucasus, the South 
Ossetia war was less intense, but nevertheless 600–1,000 people died, 
and 42,000 Georgians became refugees (De Waal, 2010; Zürcher, 2007). 
Over time many civilians who lived within the conflict zone were 
allowed to cross the border between South Ossetia and Georgia. 

In Nagorno-Karabakh, tensions started to rise in 1988 and intensified 
by 1991 when Armenia and Azerbaijan both declared independence and 
started the war over Nagorno-Karabakh after Karabakh declared inde
pendence from Azerbaijan (De Waal, 2010; Zürcher, 2007). By 1992, 
both sides were fighting with heavy weapons including rockets and 
tanks, causing widespread damage and destroying entire villages (De 
Waal, 2010). Once Armenia gained control over the district of Lachin, it 
was able to provide arms and supplies to Karabakh and occupied addi
tional territory outside of Nagorno-Karabakh, which triggered a large 
wave of refugees to Azerbaijan in 1993. In 1994, the numbers of casu
alties increased steeply during a failed Azerbaijani defense of the Kal
bajar region, and Armenia gained full or partial control over seven 
Azerbaijani regions. In total, the war in Nagorno-Karabakh caused the 
death of about 16,000 people and displaced 604,000 Azerbaijani citi
zens and 72,000 Armenians by the time a ceasefire was signed in May 
1994 (Zürcher, 2007). Since then, ceasefire violations have occurred 
repeatedly (Bekiarova and Ilina, 2019). In September 2020, the conflict 
escalated in the “Six-Week War”, with many Armenians fleeing land that 
was regained by Azerbaijan and a shift in territorial control (Smolnik 

Table 1 
Overview of the wars in the Caucasusa.  

War Chechnya Abkhazia South 
Ossetia 

Nagorno- 
Karabakh 

Actors 1) State-based 
conflict: 
The Russian 
Federation vs 
Chechnya 
over 
Chechnya 

State-based 
conflict: 
Georgia vs 
Abkhazia over 
Abkhazia 

State-based 
conflict: 
Georgia vs 
South 
Ossetia over 
South 
Ossetia 

State-based 
conflict: 
Armenia vs 
Azerbaijan 
over 
Nagorno- 
Karabakh 

Duration 2) 1. Chechen 
war 
1994–1996 
2. Chechen 
war 
1999–2009 

1992–1993 
Five-Day war 
2008 

1991–1992 
Five-Day war 
2008 

1988/ 
1991–1994 

Casualties 2) 40,000 8,000–10,000 600–1,000 16,000 
Refugees, 

internally 
displaced 
persons 2) 

greater than 
700,000 

240,000 42,000 1,000,000  

a Sources: 1) Uppsala Conflict Data Program definition of a state-based armed 
conflict: “A state-based armed conflict is a contested incompatibility that con
cerns government and/or territory where the use of armed force between two 
parties, of which at least one is the government of a state, results in at least 25 
battle-related deaths in one calendar year. Comment: “State-based armed con
flict" is also referred to as “armed conflict”, as opposed to “non-state conflict”, in 
which none of the warring parties is a government.”, 2) Estimates based on De 
Waal, 2010; Pallin and Westerlund, 2009; Zürcher, 2007. 
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et al., 2021). 

2.2. Data 

2.2.1. Remotely sensed land-cover change maps 
To estimate agricultural abandonment from 1987 to 2015, we 

analyzed six land-cover maps for six target years: 1987, 1995, 2000, 
2005, 2010, and 2015, derived in a previous study (Buchner et al., 
2020). However, because of limited image availability, we had to 
aggregate satellite imagery from multiple years for each target year, that 
is from 1985-‘89, 1994-‘96, 1998–2002, 2003-‘07, 2008-‘12, and 2013- 
’15. For each target year, we mapped active cropland and nine other 
land-cover classes (coniferous forest, mixed forest, deciduous forest, 
barren, rangeland, built-up, wetlands, water, and snow and ice), from 
Landsat imagery covering the Caucasus region with 35 Landsat foot
prints. We compiled the 30-m resolution Landsat imagery into large-area 
image composites and classified them with the C5.0 decision tree clas
sifier. The stable cropland class had a user’s accuracy of 71.3 % and a 
producer’s accuracy of 88.1 %, respectively (Buchner et al., 2020). We 
defined agricultural abandonment as an area that was classified as 
cropland in 1987, but as non-cropland in the following time steps. We 
mapped permanent agricultural abandonment based on five out of the 
six target years, starting in 1995, 2000, 2005, 2010, or 2015. For 
example, if a pixel was classified as cropland in 1987, 1995, and 2000, 
but as non-cropland in 2005, 2010, and 2015, the year of abandonment 
was 2000. We did not include pixels that were re-cultivated after 
abandonment in our analyses and focused on permanent abandonment 
only. 

2.2.2. Conflict data and control variables 
We analyzed conflict data provided by the Uppsala Conflict Data 

Program Georeferenced Event Dataset (UCDP GED, Version 19.1) 
(Högbladh, 2019; Sundberg and Melander, 2013). That dataset defines a 
conflict event as ‘an instance of organized violence with at least one 
fatality’. The UCDP dataset provides detailed information about the 
location and time, the number of events per location, and the best es
timate of the number of total fatalities, both of which we analyzed as 
proxies for ‘conflict intensity’. We chose the UCDP dataset because it 
includes data back to 1989 and covers all four wars in their entirety. 
Although the actual duration of the wars did not last for the length of the 
study period, frequent ceasefire violations occurred after all four wars, 
and we included all conflict events and fatalities that occurred for the 
duration of the study period. We summarized the number of conflict 
events and the number of total fatalities for each location for five time 
periods corresponding to the target years of the land-cover maps 
(1989–1995, 1996–2000, 2001–2005, 2006–2010, and 2011–2015). In 
total, we analyzed 543 conflict locations with a total of 2633 conflict 
events from 1989 to 2015 (Fig. 1). We added a timeline of annual 
conflict locations to show that our five time periods were justified 
(Figure A1). 

When estimating the effects of wars on agricultural abandonment, 
other factors that affect agricultural abandonment need to be accounted 
for (Adelaja and George, 2019; Yin et al., 2019). To do so, we included a 
suite of environmental, accessibility, and political-economic variables in 
our analyses (Table 2). We selected the ALOS Global Digital Surface 
Model (DSM) dataset to calculate elevation, slope, and aspect (Tadono 
et al., 2014; Takaku et al., 2014). Indeed, elevation-related variables 
may not only affect agricultural abandonment, but also conflict itself 
(Linke et al., 2017). We further extracted important variables such as 
maximum temperature and precipitation accumulation from the Terra
Climate database (Abatzoglou et al., 2018) and topsoil carbon content 
from the FAO Harmonized World Soil Database (Wieder et al., 2014). 
Other variables captured accessibility to markets and infrastructure, 
such as distance to highways and settlements, which we derived from 
OpenStreetMap (OpenStreetMap contributors, 2017). We processed 
these data in Google Earth Engine (GEE, Gorelick et al., 2017). We 

further included information about the percentage of rangeland and 
forest within 100 m, because agriculture is more likely to be abandoned 
where growing conditions are marginal (Prishchepov et al., 2013). 
Finally, we added the country name as a categorical dummy variable to 
account for political and economic differences. We performed a natural 
log-transformation on the control variables and the conflict intensity 
measures to decrease the effects of scaling on the model. 

2.3. Models 

2.3.1. Sampling design and summary statistics 
We sampled points on a 2-km point grid covering the entire study 

area. The 2-km resolution was a tradeoff between the need for a suffi
cient amount of samples and the computational costs for our statistical 
models and minimizing spatial autocorrelation between observations. 
We only analyzed grid points that were agriculture in 1987. This 
resulted in 40,220 points with a total of 241,320 observations over six 
target years. For each observation we calculated the distance to each 
conflict location within 30 km, and for each location, we summarized 
the number of events and the number of total fatalities for the five time 
periods (1989–1995, 1996–2000, 2001–2005, 2006–2010, and 
2011–2015). We selected the 30-km threshold based on the size of our 
study region, and because two prior studies in the Caucasus region found 
that at distances beyond 30 km, conflict events had a negligible effect on 
agricultural abandonment (Baumann et al., 2015; Yin et al., 2019). For 
example, in Chechnya agricultural abandonment gradually decreased 
with increasing distance to conflict events. Almost 45 % of agriculture 
within 1 km of conflict events was abandoned compared to only 6 % 

Fig. 2. Conceptual figure to assess the effect of conflict locations and the 
interaction between distance to and intensity thereof on agricultural aban
donment. For the observation of interest, the nearest conflict location occurred 
within a distance of 5–10 km with a conflict intensity of one conflict event, and 
additional conflict locations occurred within a distance of 10–20 and 20–30 km 
with one conflict event each, which were all considered in the model. 
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when that distance was greater than 9 km (Yin et al., 2019). We binned 
the number of events and the number of total fatalities within distances 
of 0–5, 5–10, 10–20, and 20–30 km for each observation. In a final step, 
we extracted and added the value of the response variable (i.e., agri
cultural abandonment or not), and the control variables (Table 2). 

To characterize the wars, we calculated summary statistics for each 
of the wars. First, we summarized the number of events and the number 
of fatalities from the UCDP dataset for each of the four wars – Chechnya, 

Abkhazia, South Ossetia, and Nagorno-Karabakh – for each of our five 
time periods. Second, we summed the number of conflict events for each 
land-cover class for each war and time period. We further calculated the 
amount of cropland around conflict events within 5 km, 5–10 km, 
10–20 km, and 20–30 km distance for each war, to evaluate if Abkha
zia’s coastal geography may have affected where cropland abandon
ment occurred relative to conflicts, given that conflicts were often in 
urban areas, and most cities are located along the coast. 

Fig. 3. Number of conflict events and number of total fatalities in the five time periods for Chechnya, Abkhazia, South Ossetia, and Nagorno-Karabakh. Note: y-axis 
ranges differ among wars (source: Uppsala Conflict Data Program). 

Table 2 
Variables included in the models to assess the effects of wars on agricultural abandonment.   

Variable Unit Period Resolution Source 

Response 
variable 

Agricultural change 1: agricultural 
abandonment,  
0: non- 
abandonment 

1987, 1995, 2000, 2005, 2010, 2015 30 m Buchner et al., 2020 

Conflict 
intensity 
variables  

Number of conflict events, 
Number of total fatalities 

count, count annual numbers summarized for following 
time periods: 1987–1995, 1996–2000, 
2001–2005, 2006–2010, 2011–2015 

Point location Sundberg and Melander, 2013 

Control 
variables   

Elevation, Slope, Aspect   m, degree, degree 

Time-invariant 1 arc second 
(~30 m) 

Tadono et al., 2014; Takaku et al., 
2014 

Maximum temperature, 
Precipitation accumulation 

◦C, mm 1990, 1995, 2000, 2005, 2010, 2015 2.5 arc minutes 
(~4.6 km) 

Abatzoglou et al., 2018 

Topsoil carbon content % Time-invariant 0.05 degree 
(~5.6 km) 

Wieder et al., 2014  

Euclidean distance to 
highways, Euclidean distance 
to settlements 

m, m Time-invariant – OpenStreetMap contributors, 2017  

Percent rangeland within 100 
m, Percent forest within 100 m 

%, % 1987, 1995, 2000, 2005, 2010, 2015 30 m Buchner et al., 2020 

Administrative boundaries of 
countries 

dummy Time-invariant vector Database of Global Administrative 
Areas (GADM version 3.6) 
(https://www.gadm.org)  
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2.3.2. Effect of each war in its entirety on agricultural abandonment 
Our first objective was to identify the effects of all wars together and 

of each war individually on agricultural abandonment. To do so, we first 
controlled for differences in observables between the area of all conflicts 
of each war and non-conflict area by creating valid treatment and con
trol datasets via propensity score matching. We estimated the propensity 
score using a probit model (Guo and Fraser, 2014; Jones and Lewis, 
2015), where the propensity score is the probability of an observation 
experiencing treatment, e.g., conflict event. Similar techniques have 
been successfully used to identify valid counterfactuals for analyzing the 
effects of armed conflicts on land use (Baumann et al., 2015), but also for 
assessing protected areas (Andam et al., 2008; Bragina et al., 2015, 
Jones and Lewis, 2015), and payments for environmental services 
(Arriagada et al., 2012). 

Second, we controlled for unobservable or omitted-variable bias. To 
do this, we parameterized difference-in-differences models. These are 
regression models that compare observations in areas with and without 
treatment before and after the treatment event (Butsic et al., 2017; 
Dempsey and Plantinga, 2013). In this study, we compared agricultural 
abandonment in the area of all conflicts versus non-conflict area before 
and after conflict events. The estimated difference in abandonment from 
observations in the area of all conflicts and the non-conflict area is based 
solely on changes that took place between the two time periods. 
Therefore, time-invariant unobservable covariates, such as land-use 
history, do not bias the estimated effect (Wooldridge, 2002). We used 
the same observations as described in section 2.3.1. We defined the area 
of all conflicts as the area within four distances, i.e., 5, 10, 20, or 30 km, 
of all conflict locations that had conflict events for each war (Fig. 1). We 
excluded observations within a distance of 30–35 km to clearly separate 
the area of all conflicts from the non-conflict area. We then matched 
observations from the area of all conflicts and non-conflict area obser
vations (i.e., observations greater than 35 km away from conflict events) 
based on our natural log-transformed control variables (Table 2) for 
1995, 2000, 2005, and 2010 for each of the four distances. In total we 
had 16 matched datasets, i.e., matched observations from the area of all 
conflicts (5 km distance of all conflict events) with non-conflict area 
(greater than 35 km distance of all conflict events) for 1995, 2000, 2005, 
2010 (= four datasets), and the same for 10 km, 20 km, and 30 km 
distance and all years (= 12 datasets). We removed observations from 
the area of all conflicts in the subsequent time step to avoid double la
beling with non-conflict area observations. We merged all years for each 
distance of 5, 10, 20, and 30 km, resulting in four datasets. 

We analyzed the datasets of all wars together to estimate the effect of 
wars on agricultural abandonment for the four distances (i.e., 5, 10, 20, 
30 km) using the following difference-in-differences model (Wool
dridge, 2002) for the entire Caucasus: 

Yit = β1*Coit + β2*Ait + β3*Coit*Ait + β4*Timeit + β5*Ci + β6− 9*Xit + eit

(1) 

In this model, Yit is agricultural abandonment (1), or not (0), for 
observation i in period t, Coit is whether observation i in a time period t 
was in the area of all conflicts (1) or not (0), i.e., treated or not, Ait stands 
for after and indicates before (0), or after (1), conflict event, Coit * Ait is 
the interaction between treatment and Ait and indicates the effect of war, 
Timeit is a categorical variable indicating time period, Ci indicates the 
country, Xit is the vector of control variables (i.e., maximum 

temperature, precipitation accumulation, percent rangeland, and 
percent forest), β1-β9 are the coefficients to be estimated, and eit is the 
error term. The reason for including the Timeit variable was to account 
for differences among years. For example, sparser media coverage in 
early years may have resulted in fewer conflict events in our database for 
those years, and those differences among years needed to be accounted 
for. 

In the fixed effects model, time-invariant covariates (e.g., elevation) 
were not considered. The fixed effect model eliminates the assumption 
that unobserved variables are uncorrelated with the error term but relies 
on linear regression to fit a binary dependent variable. We chose the 
linear regression model because it allowed us to include fixed effects, 
such as time, in the model. We decided to not use a binary fixed effects 
model as including them is not recommended due to the incidental pa
rameters problem, which results in biased estimates (Abrevaya, 1997; 
Greene, 2004). In total, we parameterized 4 regression models for the 
distances of 5, 10, 20, or 30 km from all the conflict locations. We used 
the ‘margins’ command in StataSE 16 to calculate the marginal effects of 
war on agricultural abandonment. Marginal effects represent the per
centage point change in the probability an observation is abandoned due 
to war. In addition to the model for the entire Caucasus, we also modeled 
the effect of each individual war (equation A1 in the appendix). 

2.3.3. Effects of distance to and intensity of conflict locations 
To understand a) the effect of the nearest conflict locations, b) their 

intensities, and c) the effect of additional conflict locations farther away, 
on agricultural abandonment, we parameterized a logistic panel 
regression with random effects. In this model, we included a large 
number of interactions, and these interactions can be best interpreted 
through predicted probabilities, which is why we chose a random-effects 
model. We considered the nearest conflict location and its intensity, as 
well as additional conflict locations afar and their intensities, which is a 
novel contribution of our study (Fig. 2). 

Our sample was again the point grid described in section 2.3.1. We 
identified the nearest conflict location within spatial bins (i.e., 0–5, 
5–10, 10–20, and 20–30 km), and included the number of conflict events 
or fatalities at each location as two alternative measures of intensity. 

Again, we included the natural log-transformed control variables 
(Table 2) to account for other factors related to agricultural abandon
ment. We estimated the following regression for the entire Caucasus.   

In this model, Yit is agricultural abandonment (1), or not (0), for 
observation i in time period t, nearestit is a dummy variable indicating if 
conflict location within defined distances (0–5, 5–10, 10–20, and 20–30 
km) is nearest (1), or not (0), Iit is the intensity measure, i.e., the number 
of conflict events or number of total fatalities, of observation i in time 
period t, nearestit * Iit is the interaction term between the distance 
dummy variable nearestit and the intensity measure Iit, Ci is a categorical 
variable indicating the country, Xit is the vector of control variables, Ci * 
Xit is the interaction term between country and the control variables (e. 
g., elevation, maximum temperature, distance to settlements), Yearit is a 
categorical variable indicating the time step, β1-β25 are the coefficients 
to be estimated, and eit is the error term. We ran one model with number 
of conflict events as the intensity measure and a second one with fa
talities as the intensity measure. In addition to the model for the entire 

Yit = β1*nearest0− 5kmit + β2*I0− 5kmit + β3*nearest0− 5kmit*I0− 5kmit + β4*nearest5− 10kmit + β5*I5− 10kmit + β6*nearest5− 10kmit*I5− 10kmit + β7*nearest10− 20kmit 

+β8*I10− 20kmit + β9*nearest10− 20kmit*I10− 20kmit + β10*nearest20− 30kmit + β11*I20− 30kmit + β12*nearest20− 30kmit*I20− 30kmit 

+β13*Ci + β14− 23*Xit + β24*CiXit + β25*Yearit + eit (2)   
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Caucasus, we also modeled the effect of each individual war (equation 
A2 in the appendix). 

The model provided coefficients indicating the relationship between 
conflict intensity at different distances and agricultural abandonment, 
and we calculated the predictive margins of conflict intensity and dis
tance on agricultural abandonment for better interpretability. In addi
tion, we predicted the probability of abandonment over a range of 
distances and conflict intensities to understand how abandonment 
changed due to both near and far conflict events and fatalities. 

3. Results 

3.1. Summary statistics of the four wars 

The overall intensity, e.g., the number of all events and fatalities, 
differed greatly among the four wars. Chechnya had by far the highest 
total number of conflict events and the highest number of fatalities from 
1989 to 2015 (Fig. 3), with seven times more conflict events and four 
times more fatalities than the other three wars combined. In Abkhazia, 
South Ossetia, and Nagorno-Karabakh the overall number of conflict 
events were much lower. The war in South Ossetia had the overall 
lowest number of conflict events and the lowest number of total fatal
ities (Fig. 3). The war in Chechnya was also by far the longest, and 
conflict events occurred throughout our entire study period, whereas 
conflict events in the other three wars mostly occurred before 1995. 

Across the four wars, the majority of conflict events occurred in three 
land-cover classes: rangeland, cropland, and built-up areas (Figure A2). 
However, we found differences among wars and over time in terms of 
which land-cover class was most affected. In Chechnya, most conflict 
events occurred in built-up areas, cropland, or rangeland, but the 
number of events increased in built-up areas from 1996 until 2000 
(Figure A2). In Abkhazia and South Ossetia, most conflict events 
occurred in cropland and urban areas, and in Nagorno-Karabakh in 
rangeland and cropland. We want to caution that urban areas are 
sometimes missed in land-cover classifications, especially in rural areas, 
where houses are mixed with gardens and other types of land cover. As a 
result, we may have underestimated the proportion of conflict events in 
urban areas. We further calculated the amount of cropland within 
different distances around conflict events to assess whether Abkhazia’s 
coastal geography may have limited abandonment near conflicts sites 
but found that the percentage of cropland within different distance 
classes was similar for all wars (Figure A3). 

3.2. Overall effect and effect of each individual war on agricultural 
abandonment 

The results of our difference-in-differences models, which compared 

sample points within the entire area of conflicts with those outside 
(objective 1), showed that across the whole Caucasus, the area of all 
conflicts had higher probability of agricultural abandonment than non- 
conflict areas (Fig. 4, Table 3). For the whole Caucasus abandonment 
was significantly higher if the area of all conflicts was within 10 and 20 
km of conflict locations, but the effect was highest when including areas 
within 30 km of conflict locations as the area affected by wars. Overall, 
27 % of abandonment in the area of all conflicts of all wars was related to 
the wars within 30 km of conflict locations (Table 3). However, we also 
found clear differences among individual wars. First, while abandon
ment was significantly higher in the area of all conflicts in Chechnya and 
in Abkhazia, this was not the case in Nagorno-Karabakh and in South 
Ossetia. Second, the distances used to delineate the area of all conflicts 
mattered. In Chechnya, the probability of abandonment was highest in 
the area of all conflicts within 10 km of all conflict events. In contrast, in 
Abkhazia the probability of abandonment was only significantly higher 
within 20 or 30 km of all conflict events (Table 3). Please see the ap
pendix for matching results (Table A1–A32), and full regression results 
(Table A33, A34). 

3.3. Effects of distance to and intensity of conflict locations 

Regarding the effects of conflict locations (objective 2), the results of 
the panel logit regression with random effects showed that conflict 
events nearby were more important than conflict events farther away 
when analyzing the whole Caucasus (Fig. 5). However, we found again 
clear differences among the four wars. In Chechnya and Nagorno- 
Karabakh, the probability of abandonment was highest, and signifi
cantly so, when the nearest conflict event occurred within 5 km, e.g., in 
the immediate surrounding of an observation with abandonment. The 
probability of abandonment was four times higher in Nagorno-Karabakh 
(28 %) than in Chechnya (6.7 %). In contrast, in Abkhazia, conflict 
events within a 10–20 km distance were related to the highest proba
bility of abandonment (45 %), the highest probability of abandonment 
in any of the four wars. In South Ossetia, there were no significant dif
ferences in the effects of conflict events among different distances 
(Fig. 5). 

Considering distance plus the intensity of the conflict locations, we 
found that the probability of abandonment was higher across the Cau
casus when the conflict intensity was higher, especially when the nearest 
conflict event was within 5 km (Fig. 6). However, neither the number of 
conflict events nor the number of fatalities significantly increased the 
probability of abandonment within a given distance. The pattern that we 
found for the whole Caucasus also held true for Chechnya, but the 
probability of abandonment was generally lower there. In contrast, in 
Abkhazia, a low number of fatalities within 10–20 km resulted in a 
higher probability of abandonment than a higher number of fatalities 

Fig. 4. Predictive margins with 95 % confi
dence intervals (CI) across the Caucasus 
before and after conflict events based on the 
area around all conflict locations with con
flict events (5, 10, 20, and 30 km) that are 
considered as the area of all conflicts of all 
four wars on agricultural abandonment. The 
probability of abandonment was signifi
cantly higher in the area of all conflicts after 
the wars than before when the area of con
flicts was defined as 10, 20, and 30 km, but 
showed no difference for 5 km.   
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closer or farther away. In Nagorno-Karabakh, the probability of aban
donment was highest for the nearest distance (<5 km) and differed 
significantly from the 10–20 and 20–30 km distances when using fa
talities, but neither the number of conflict events nor the number of 
fatalities was significantly different for a given distance. In South 
Ossetia, none of the distances and intensities differed significantly from 
each other (Fig. 6). 

When we combined the nearest conflict location with conflict loca
tions farther away plus their intensity measures, we found that adding 
conflict locations farther away to the ones nearby did not significantly 
increase the probability of abandonment for the whole Caucasus (Fig. 7). 
In Chechnya, additional conflict events and fatalities increased the 
probability of abandonment, but not significantly. However, in Abkha
zia, adding conflict events in 5–10 km distance to the nearest events in 5 
km distance, resulted in a significantly higher probability of abandon
ment. However, conflict locations farther away than 10 km did not in
crease the probability of abandonment, indicated by a flat line (Fig. 7). 
For South Ossetia and Nagorno-Karabakh, additional conflict locations 
did not increase the probability of abandonment at any distance. Please 
refer to the appendix for the overall regression results and for the in
dividual war results (Table A35–A38). 

Our panel logistic regression results also allowed us to assess the 
importance of other control variables for agricultural abandonment. The 
percentages of rangeland and of forest within a 100x100 m moving 
window were the two control variables with the greatest effect on the 
probability of agricultural abandonment, which matched our expecta
tions. Where their values were highest (i.e., 100 %), the probability of 
abandonment reached 50 % and 26 %, respectively (Figure A4). The 
remaining control variables had only a small effect on the probability of 
agricultural abandonment (Figure A5), and we were surprised that 
topsoil carbon content was less important than we expected. However, 
lower values of topsoil carbon content had a slightly higher probability 
of abandonment, which is the direction of the effect that we had ex
pected (Figure A5). 

4. Discussion 

We examined the effects of wars on the probability of agricultural 
abandonment at different spatial scales and found strong differences 
among the four wars in the Caucasus. First, we expected that a war with 
an overall high intensity and a long duration would be related to a high 
probability of agricultural abandonment, but we found that even a war 
with a relatively low intensity and short duration could be attributed to a 
high probability of abandonment, which surprised us. The reason for 
that was that the spatial scale of abandonment varied among wars, and 
thus the most intense war in Chechnya, where the effect was localized, 
had a similar outcome on abandonment as the less intense war in 
Abkhazia, where the effect was mostly wide-ranging. Second, we ex
pected that fields near conflict locations would be more likely to be 
abandoned, especially if there were many conflict events or fatalities at 
that location, and our results generally confirmed this but with one 
important exception. In Chechnya and Nagorno-Karabakh conflict 
events within 5 km were related to the highest probability of aban
donment, but in Abkhazia conflict events that were 10–20 km away had 
the highest probability. Third, we expected that abandonment would 
depend not only on the nearest conflict location, but also on whether 
there were additional conflict locations in the vicinity. We only found 
evidence for this in Abkhazia and only for additional conflict events up 
to 10 km, and not in the other three wars, so abandonment appeared to 
be largely related to only the nearest conflict location. 

We found a clear relationship between wars and agricultural aban
donment using a difference-in-differences model which allowed us to 
compare the area of all conflicts with a valid non-conflict area before 
and after the war. Across the Caucasus, 27 % of agricultural abandon
ment in the area of all conflicts was related to the wars. Among the four 
wars, we expected that the war in Chechnya would result in most 
abandonment, because the war was longest and most intense there. 
Indeed, 47 % of the abandonment in Chechnya was related to the war. 
However, roughly the same amount (45 %) was related to the war in 

Table 3 
Marginal effects of conflict events on agricultural abandonment expressed as both percentage point change and percent change (based on agricultural abandonment in 
the area of all conflicts) depending on the distance from conflict locations with conflict events that delineated the area of all conflicts affected by a given war (5, 10, 20, 
and 30 km). A positive percentage point change indicates an increase in the probability of abandonment in the area of all conflicts compared to non-conflict area. 
Standard error in parentheses, *** p-value < 0.01, ** p-value < 0.05, * p-value < 0.1. Bold formatting indicates significant results.  

War Marginal effect 
(Percentage point change) 

Marginal effect 
(Percent change in abandonment)  

5 km 10 km 20 km 30 km 5 km 10 km 20 km 30 km 

Whole Caucasus 0.3 (0.8) 0.9 (0.4)** 1.0 (0.3)*** 1.2 (0.2)*** 4.4 15.8 20.4 27.3 
Chechnya 1.2 (0.8) 2.0 (0.5)*** 1.7 (0.3)*** 1.2 (0.2)*** 20.7 46.5 47.2 38.7 
Abkhazia 2.0 (14.7) 11.7 (11.2) 22.0 (5.8)*** 18.4 (3.3)*** 3.14 19.0 40.9 45.1 
South Ossetia 4.4 (5.6) 4.8 (3.5) − 1.5 (2.2 − 0.9 (1.7) 48.9 50.0 − 9.1 − 7.1 
Nagorno-Karabakh − 9.1 (3.8) ¡12.5 (2.0)*** ¡7.6 (1.1)*** ¡5.4 (0.8)*** − 66.0 ¡64.4 ¡53.1 ¡39.7  

Fig. 5. Predictive margins of conflict events on agricultural abandonment when nearest conflict location with conflict events occurred at different distances (0–5, 
5–10, 10–20, and 20–30 km) with 95 % confidence intervals. Note that y-axes differ among panels. For the whole Caucasus, Chechnya, and Nagorno-Karabakh the 
probability was highest when the conflict event was nearby, but the opposite was true for Abkhazia, and there were no differences among distances for South Ossetia. 
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Abkhazia, despite its lower intensity and much shorter duration. Most 
likely the reason was that wars in Chechnya and Abkhazia affected 
abandonment at different spatial scales: in Chechnya, the war was rather 
localized, but in Abkhazia, it was wide-ranging. 

Surprisingly, the war in Nagorno-Karabakh was not related to wide- 
ranging agricultural abandonment, despite intense combat and large 
numbers of refugees and internally displaced persons. This was espe
cially unexpected because abandonment rates near major battle fields 
were as high as 60 % there (Baumann et al., 2015). However, our study 
differed in approach in that we analyzed the area around all conflict 
locations, not just near the largest battlefields, and we examined per
manent abandonment up to 2015, not 2000. 

When we assessed the interaction of distance to nearest conflict lo
cations and additional conflict locations afar, we found that the proba
bility of agricultural abandonment depended largely on the nearest 
conflict location. The distance to the nearest conflict location mattered 
most, supporting previous results for Chechnya only where the proba
bility of abandonment decreased with an increasing distance to conflict 
location (Yin et al., 2019). The same pattern occurred in Darfur, where a 
higher number of violent events resulted in less agriculture, with a 
stronger effect when conflict events were close (Alix-Garcia et al., 2013). 
However, we found here that the pattern was different in Abkhazia, 
where conflict locations farther away were related to a higher proba
bility of abandonment than conflict locations nearby. Furthermore, in 
Abkhazia, additional conflict locations farther away resulted in higher 
abandonment probability, once the nearest conflict locations were 
accounted for, but that was not the case in the other three wars. 

We found that the four wars with different overall intensities resulted 
in quite different agricultural abandonment outcomes, which may be 

related to differences in the characteristics of the wars themselves, and 
in the relative importance of direct and indirect mechanisms via which 
the different wars were related to agricultural abandonment. In 
Chechnya, one reason why the war was fairly localized may be that 
attacks during the early years targeted mainly military, police, and 
governmental officials (O’Loughlin et al., 2011), thereby affecting 
farmers less, who continued farming because they relied on household- 
based agriculture as their main source of income (ICG, 2015). In later 
years, the war spread into neighboring republics, but was also concen
trated in urban areas (O’Loughlin et al., 2011; O’Loughlin and Witmer, 
2011). After the war, many people that were displaced, were relocated 
within Chechnya and to neighboring Ingushetia and Dagestan (UNHCR, 
1996). A range of factors may have kept abandonment in Chechnya 
lower than expected and effects were fairly localized and concentrated 
near conflict locations, which indicates that in terms of agricultural 
abandonment direct mechanisms such as active combat, land mines, or 
the destruction of irrigation infrastructure were more important than 
indirect ones. 

In Abkhazia, the effects of the war were wide-ranging and higher 
than expected. We suggest that this was mostly due to indirect mecha
nisms such as patterns of displacement, refugee movements combined 
with post-war travel restrictions. More than half of Abkhazia’s pre-war 
population was forced to flee (Minority Rights Group International, 
2008), which is a very high rate, and 240,000 people registered in 
Georgia in 2010 had fled Abkhazia and South Ossetia due to the wars 
there (IDMC, 2011). After the war, displaced people were not allowed to 
return to their homes (NRC/IDMC, 2015; UNHCR, 1996), except in one 
district in Abkhazia (i.e., Gali (IDMC, 2011)) where most displaced 
people returned to. The war also reduced tourism, even in regions that 

Fig. 6. The effects of distance to the nearest conflict location (line colors), and intensity at that conflict location (x-axes) on the probability of agricultural aban
donment (y-axes) expressed as predicted margins with 95 % confidence intervals. Note that y-axes differ among panels. For the whole Caucasus, Chechnya, and 
Nagorno-Karabakh, the line representing effects of conflict events within 5 km (orange line) is on top, indicating that the nearest conflict event or fatalities resulted in 
a higher probability of abandonment. With an increasing number of conflict events (top row) or number of fatalities (bottom row), probability of abandonment 
increased. For South Ossetia the number of observations for conflict events at a distance of 0–5 and 5–10 km was very low and therefore not shown. (For inter
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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were afar from military activities (Radvanyi and Muduyev, 2007). 
Traveling from and to Abkhazia remained restricted, and the border 
between Abkhazia and Georgia was controlled by Russian troops (ICG, 
2006). The indirect mechanisms such as the limited access, dispute over 
land, and impossibility of internally displaced persons to return to their 
homes most likely prevented the re-cultivation of agricultural fields 
(NRC/IDMC, 2015) and resulted in wide-ranging agricultural aban
donment. This parallels the strong effects of post-WWII forced dis
placements in the Polish Carpathians, which resulted in widespread 
permanent abandonment and reforestation (Affek et al., 2021). 

The effect of the war in South Ossetia on agricultural abandonment 
was insignificant. One reason could be the lower numbers of conflict 
events and fatalities compared to Chechnya, Abkhazia, and Nagorno- 
Karabakh, which may have resulted in a limited effect, but also meant 
that there were fewer observations in our models and hence larger 
confidence intervals. The same is true for agricultural abandonment, 
because large-scale agriculture production is less common and most of it 
is small-scale subsistence farming (Gerrits and Bader, 2016), we may 
have had fewer observations. 

The war in Nagorno-Karabakh resulted in the largest number of 
internally displaced persons and refugees, but not in wide-ranging 
agricultural abandonment. Roughly 205,000 Azerbaijani fled Armenia 
and 247,000 Armenians fled Azerbaijan (Zürcher, 2007). The agricul
tural sector suffered heavy losses because of remaining mines and 
damaged irrigation systems (NRC/IDMC, 2005). However, Armenia 
provided economic support to the Karabakh region and subsidized 
wheat exports to Armenia (ICG, 2016, 2005), thereby fostering agri
culture in the region. Since 2006, the de facto government of Nagorno- 

Karabakh established programs to support agriculture (ICG, 2017), and 
arranged long-term land rental agreements (ICG, 2017), which most 
likely prevented agricultural abandonment from becoming permanent. 
Although we found some evidence for localized effects, and hence direct 
mechanisms, indirect mechanisms such as large refugee movements 
were countered by other policy actions, especially agricultural subsidies 
and political interventions in the post-war period, that most likely 
limited the overall effect of the war on agricultural abandonment (ICG, 
2017). In the fall of 2020, most of Nagorno-Karabakh reverted to 
Azerbaijani control, and will most likely affect agricultural land use 
again. 

While agricultural abandonment was clearly related to wars, it was 
also surprising though that overall permanent abandonment in the 
Caucasus was low compared to post-soviet abandonment in other parts 
of Russia and Eastern Europe (Buchner et al., 2020). We had expected 
that the four wars on top of the collapse of the Soviet Union would have 
resulted in high agricultural abandonment, but abandonment was low, 
for example, compared to European Russia, where up to 56 % of pre- 
collapse agricultural land was abandoned (Alcantara et al., 2012; Bau
mann et al., 2011; Prishchepov et al., 2013). This means that although 
we found clear effects for two wars on cropland abandonment, and even 
though all four wars resulted in large numbers of fatalities and refugees, 
farming continued and farmers were resilient (Radvanyi and Muduyev, 
2007). This was similar to what occurred in Colombia and Niger, where 
farmers continued cultivating their fields amid conflict (Adelaja and 
George, 2019; Arias et al., 2018), and land cover was relatively stable 
(but agriculture increased by 40 % in Colombia after the war (Murillo- 
Sandoval et al., 2021)). We caution though that there may have been 

Fig. 7. The effects of additional conflict locations on the probability of agricultural abandonment (y-axes) that occurred when an agricultural area with a nearby 
conflict location (0–5 km) had additional conflict locations in farther distance (line colors), with varying intensity (x-axes). Note that y-axes differ among panels. The 
yellow line stems from the model that includes both nearby conflict locations plus secondary ones within 5–10 km (blue and purple accordingly for 10–20, and 
20–30 km). For the whole Caucasus, Chechnya, and Abkhazia, the line representing effects of conflict events (top row) or fatalities (bottom row) within 5–10 km 
(yellow line) is increasing with a higher number of conflict events or number of fatalities, indicating that additional conflict events or fatalities in a 5–10 km distance 
increase the probability of abandonment. This is not the case for additional conflict events or fatalities in a 10–20 and 20–30 km distance. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 
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cases of temporary stops of agricultural activities, so that fields were left 
fallow for several years, but then recultivated, that our land-cover 
classifications due to the necessary-six target years could not capture. 
Such recultivation may be especially likely in areas where displacement 
was temporary, and refugees were able to return. 

Methodologically, our study contributes to recent efforts to link war 
and land-use changes by using quasi-experimental designs and ac
counting for differences in observables and controlling for omitted- 
variable bias (Landholm et al., 2019; Murillo-Sandoval et al., 2021; 
Prem et al., 2020; Yin et al., 2019). To detect the effects of wars despite 
relatively low overall abandonment, and to compare the effects of 
multiple wars, we used consistent methodology, included valid controls, 
i.e., matched sample unaffected by war, and controlled for other envi
ronmental drivers of agricultural abandonment. However, when inter
preting our results, it is important to keep some limitations of our 
models in mind. One limitation is that media coverage in early years 
may have been sparse, leading to fewer reports of conflict events in our 
database, and we included a time variable in the models to assure that 
our results were not biased due to that. Further, our difference-in- 
differences approach may have missed abandonment before some of 
the conflict events occurred, because we mapped abandonment for the 
first time in 1995. Also, while we did include many control variables, we 
were not able to include information on numbers of internally displaced 
persons and refugees, land ownership, or economic welfare of farmers 
because such data were not available. Similarly, we only included per
manent agricultural abandonment in our analysis, not fields that were 
abandoned temporarily and re-cultivated later. This means that we may 
have underestimated the effect of wars in areas with high re-cultivation 
rates such as Nagorno-Karabakh. Furthermore, our land-cover maps 
included some mapping errors, but we assumed that errors were 
randomly distributed across space. Spatial autocorrelation is another 
source of uncertainty and can lead to biased standard errors, which is 
why we spaced the points in our sampling grid afar from each other to 
minimize autocorrelation, and included a country dummy variable to 
account for potential unobserved variation. 

In summary, the political instability after the collapse of the Soviet 
Union was followed by major wars in the Caucasus since 1991, and these 
wars differed greatly in intensity and duration, and how they were 
related to agricultural abandonment, especially the spatial scale at 
which these effects occurred. We found that higher intensity at the 
conflict location increased the probability of abandonment nearby, but 
additional conflict locations farther away were not as important as we 
expected. However, even a war with an overall low intensity can be 
related to widespread abandonment and indirect mechanisms of the war 
may be what may result in wide-ranging effects. Especially refugee 
movements, their ability to return, and other post-war policies, can 
shape the effects of wars on land use, and these mechanisms are not 
spatially concentrated near conflict locations but affect entire regions. 
More broadly, our results highlight that the effects of wars on land use 
are shaped by the dominance of either indirect or direct drivers that 
occur at different spatial scales. We were able to find these differences in 
spatial scales by analyzing multiple wars based on the same method, 
before comparing their effects. For future research on the effect of wars 
on land-use change, it will be of great value to standardize the modeling 
of the effects of wars on land use so that comparisons among studies are 
valid, and to add social surveys and qualitative interviews to identify the 
key drivers of abandonment with multiple methods. 
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