university of copenhagen

How conflict affects land use
agricultural activity in areas seized by the Islamic State
Eklund, Lina; Degerald, Michael; Brandt, Martin Stefan; Prishchepov, Alexander; Pilesjö,
Petter
Published in:
Environmental Research Letters
DOI:
10.1088/1748-9326/aa673a
Publication date:
2017
Document version
Publisher's PDF, also known as Version of record
Document license:
CC BY
Citation for published version (APA):
Eklund, L., Degerald, M., Brandt, M. S., Prishchepov, A., & Pilesjö, P. (2017). How conflict affects land use:
agricultural activity in areas seized by the Islamic State. Environmental Research Letters, 12(5), [054004].
https://doi.org/10.1088/1748-9326/aa673a

Download date: 08. jan.. 2023

Home

Search

Collections

Journals

About

Contact us

My IOPscience

How conflict affects land use: agricultural activity in areas seized by the Islamic State

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2017 Environ. Res. Lett. 12 054004
(http://iopscience.iop.org/1748-9326/12/5/054004)
View the table of contents for this issue, or go to the journal homepage for more
Download details:
IP Address: 130.225.98.216
This content was downloaded on 26/05/2017 at 09:03
Please note that terms and conditions apply.

You may also be interested in:
Long-term agricultural land-cover change and potential for cropland expansion in the former Virgin
Lands area of Kazakhstan
Roland Kraemer, Alexander V Prishchepov, Daniel Müller et al.
Mapping cropland-use intensity across Europe using MODIS NDVI time series
Stephan Estel, Tobias Kuemmerle, Christian Levers et al.
Mapping the extent of abandoned farmland in Central and Eastern Europe using MODIS time series
satellite data
Camilo Alcantara, Tobias Kuemmerle, Matthias Baumann et al.
Agricultural land change in the Carpathian ecoregion after the breakdown of socialism and expansion
of the European Union
Patrick Griffiths, Daniel Müller, Tobias Kuemmerle et al.
Hotspots of land use change in Europe
Tobias Kuemmerle, Christian Levers, Karlheinz Erb et al.
Rapid land use change after socio-economic disturbances: the collapse of the Soviet Unionversus
Chernobyl
Patrick Hostert, Tobias Kuemmerle, Alexander Prishchepov et al.
Effects of institutional changes on land use: agricultural land abandonment during the transition
from state-command to market-driven economies in post-Soviet Eastern Europe
Alexander V Prishchepov, Volker C Radeloff, Matthias Baumann et al.
Multiple pathways of commodity crop expansion in tropical forest landscapes
Patrick Meyfroidt, Kimberly M Carlson, Matthew E Fagan et al.

Environ. Res. Lett. 12 (2017) 054004

https://doi.org/10.1088/1748-9326/aa673a

LETTER

OPEN ACCESS

How conflict affects land use: agricultural activity in areas
seized by the Islamic State

RECEIVED

30 November 2016

Lina Eklund1,7, Michael Degerald2, Martin Brandt3, Alexander V Prishchepov3,4 and Petter Pilesjö1,5,6

REVISED

1

9 March 2017

2

ACCEPTED FOR PUBLICATION

3

16 March 2017
PUBLISHED

4

28 April 2017

5
6

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 3.0 licence.
Any further distribution
of this work must
maintain attribution to
the author(s) and the
title of the work, journal
citation and DOI.

7

Center for Middle Eastern Studies, Lund University, Finngatan 16, S-223 62 Lund, Sweden
Interdisciplinary Near and Middle East Studies, University of Washington, Seattle, WA 98105, United States of America
Department of Geosciences and Natural Resource Management (IGN), Copenhagen University, Øster Voldgade 10, DK-1350
København, Denmark
Institute of Environmental Sciences, Kazan Federal University, Kazan, Tovarisheskaya str.5, 420097, Kazan, Russia
Department of Earth and Ecosystem Sciences, Lund University, Sölvegatan 12, S-22362, Lund, Sweden
GIS centre, Lund University, Sölvegatan 10, S-22362, Lund, Sweden
Author to whom any correspondence should be addressed.

E-mail: lina.eklund@cme.lu.se
Keywords: conﬂict, land use change, land systems, Islamic State, agriculture, cropland
Supplementary material for this article is available online

Abstract
Socio-economic shocks, technogenic catastrophes, and armed conﬂicts often have drastic impacts
on local and regional food security through disruption of agricultural production and food trade,
reduced investments, and deterioration of land and infrastructure. Recently, more research has
focused on the effects of armed conﬂict on land systems, but still little is known about the
processes and outcomes of such events. Here we use the case of Syria and Iraq and the seizure of
land by the Islamic State (IS) since 2014 as an example of armed conﬂict, where we investigate
the effects on agricultural land use. We apply a reproducible approach using 250 m satellite-based
time-series data to quantify the areas under cultivation from 2000 to 2015. Despite a common
belief about widespread land abandonment in areas under conﬂict, results point to multiple
trajectories regarding cropland cultivation in the IS seized area: (1) expansion of cropland to
formerly un-cultivated areas, (2) cropland abandonment, and (3) decrease of high-intensity
cropland. Our study highlights the need to understand these diverse conﬂict-related and contextdependent changes to the land system.

1. Introduction
Changes to land systems over time can be caused by
slow changes (e.g. urbanization or economic growth)
or drastic shocks, such as sudden socio-economic,
environmental (Sekizawa et al 2015, Hostert et al 2011),
and political changes (Baumann et al 2011), or armed
conﬂicts (Baumann et al 2014, Baumann and
Kuemmerle 2016). Studies of armed conﬂicts have
shown widespread land use changes through displacement and land abandonment, in some cases causing a
reduction of cultivated land and increases in natural
vegetation (Stevens et al 2011, Gorsevski et al 2012,
Eklund et al 2015). For example, high farmland
abandonment rates have been observed in the conﬂict
areas of the 1991–1994 Nagorno-Karabakh conﬂict
between Armenia and Azerbaijan (Baumann et al
© 2017 The Author(s). Published by IOP Publishing Ltd

(2014). Similar to severe droughts, conﬂicts have been
shown to have negative effects on vegetation productivity over time, thus potentially leading to land
degradation (de Beurs and Henebry 2008). Biodiversity
loss can be another effect of armed conﬂict, where
protected areas are no longer guarded and sometimes
become part of the conﬂict area (Hanson et al 2009), or
become affected by refugee inﬂux (Sato et al 2000).
Despite the increased research focus on conﬂict and
land systems, little is yet understood about this topic
(Baumann and Kuemmerle 2016). There is thus no
comprehensive theory or framework to describe the
diverse impacts of armed conﬂicts on land systems. On
one hand, armed conﬂict may lead to deaths and
outmigration from conﬂict areas, causing agricultural
production decline and land abandonment (Baumann
et al 2014, Eklund et al 2015). On the other hand,
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insurgents may use agriculture as an income source and
therefore try to increase agricultural production (Jaafar
and Woertz 2016). Civilians may also expand
agricultural production due to cuts in a stable food
supply (Alix-Garcia et al 2013). Which land use
outcome(s) an armed conﬂict leads to depends on, for
example, the nature of the conﬂict and the socioeconomic and biophysical conditions.
The invasion of Iraq in 2003 and its subsequent
instability, the current conﬂict in Syria, and the
emergence of the Islamic State (IS, also known as ISIS,
ISIL, Da’esh) have caused large-scale displacement of
people and widespread destruction of infrastructure
and society at large. By January 2015 the Syrian
conﬂict had led to an estimated 12 million refugees
(Fanack Chronicle 2016), and there were 3.2 million
internally displaced people in Iraq by October 2015
(UNOCHA 2015). The immediate impact of armed
conﬂict and population exodus should presumably
have a visible impact on agricultural production and
land use. However, due to the general lack of statistical
data in unsafe conﬂict zones, the state, rate, and extent
of agricultural land use change in Syria and Iraq are
unknown. This information is however crucial to
ensure that aid and food security programs are based
on quantitative numbers rather than narratives alone.
Satellite remote sensing plays a fundamental role
in monitoring land use change (Hostert et al 2011,
Witmer 2008, Witmer 2015), particularly in unsafe
areas. Classiﬁcation of land use with a dense timeseries of satellite imagery has proved to be suitable to
map agricultural dynamics and land use change
including agricultural abandonment, which is one
potential outcome of population displacement due to
armed conﬂicts (Estel et al 2015, Estel et al 2016,
Alcantara et al 2012, Alcantara et al 2013).
In this study, we aim to contribute an improved
understanding of the effects of armed conﬂict on how
land is managed and used. This is done through the
following speciﬁc objectives:
1. map the extent of cropland in Syria and Iraq for
the period 2000 to 2015 at an annual scale,
2. identify major changes in land use in Iraq and Syria,
3. analyze and discuss land use changes in the areas
under inﬂuence by the Islamic State (IS).

2. Data and methods
2.1. Study area
The area covering Iraq and Syria (28.35–37.84°N,
35.29–49.14°E) is characterized by mountains in the
northeast, plains in the southwest, and large expanses
of arid desert in the south. The largest rivers are the
Tigris and the Euphrates, both originating in eastern
Turkey, running in separate streams through Syria and
Iraq, and re-joining in southern Iraq before they enter
2

the Gulf (Held and Cotter 2006). Precipitation is
higher in the mountain areas, where the mean annual
precipitation exceeds 400 mm. In the ﬂat desert areas,
the mean annual precipitation ranges between 100 and
400 mm. Agriculture in the region includes dryland
farming of cereal crops, such as wheat and barley
(Eklund et al 2015), as well as irrigated cash crops,
such as tobacco, cotton, and pistachio nuts (Mourad
and Berndtsson 2012, Beaumont 1996).
Both Syria and Iraq, but also neighboring
countries, experienced a severe drought during the
2007–2009 seasons, which caused widespread socioeconomic distress (Trigo et al 2010, Eklund and
Seaquist 2015, Kelley et al 2015, UNDP 2010).
Reported socioeconomic effects of drought both in
Iraq and Syria included rural to urban migration, loss
of livelihoods, and crop failures. Some would argue
that the Syrian uprising in 2011 was partly caused by
the drought (Gleick 2014, Kelley et al 2015). In March
2011, pro-democracy protests erupted in Syria as
revolutions spread across the Arab world. By
December 2011, the United Nations warned that
Syria was on the verge of civil war (Bakri 2011), with
different factions ﬁghting each other and government
forces. The IS gained a lot of media attention in June
2014 when it declared the establishment of a ‘caliphate’
(an area under Islamic political rule) and started
seizing large areas of territory in Syria and Iraq
(Jabareen 2015). Since then, the IS has carried out
genocidal attacks against Yazidis and other minority
groups in Iraq and Syria, taken responsibility for
several terrorist attacks around the world, and both
gained and lost land to other groups and governments.
The IS considers itself a state and that includes
responsibility to provide, for example, health care,
power supply, and food, to its population. HansenLewis and Shapiro (2015) found the IS economy to be
based on unsustainable economic activities such as illicit
oil trade, sale of cultural artifacts, ransoms, extortions,
and taxation. According to a New York Times article,
30% of IS’s taxation revenue comes from agriculture
(Almukhtar 2016). Food silos and other infrastructure
have been regarded as strategic assets, exempliﬁed by IS’s
conﬁscation of governmental grain storage facilities in
Northern Iraq in 2014 (Fick 2014). Grains have also been
conﬁscated from farmers who ﬂed the area, as well as
lands and livestock. Recently, there have been studies on
agricultural transformation due to armed conﬂict in
Syria and Iraq (Jaafar et al 2015, Jaafar and Woertz 2016).
In Syria, irrigated agricultural production has been
reported to have dropped by between 15% and 30% in
the Orontes river basin from 2000 to 2013 (Jaafar et al
2015). Another study though observed stability in
agricultural production in areas controlled by the IS,
despite expected decreases in cultivated lands due to
population outﬂow from conﬂict areas (Jaafar and
Woertz 2016). Thus, the implications of land seizure by
the IS in parts of Syria and Iraq regarding agricultural
production remain unclear.
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Table 1. IS zones deﬁnitions from the ISW.

2.3. Satellite imagery
For this work we used the MODerate resolution
Imaging Spectroradiometer (MODIS) product MOD09
collection 6, available at 250 m spatial and 8 d temporal
resolution (Vermote et al 2011). Measurements of 38
representative ﬁelds, identiﬁed using Google Earth
imagery, showed an average ﬁeld size of 125 000 m2,
which makes the MODIS pixel size of 250 by 250 m
(62 500 m2) appropriate for this study. We calculated
the normalized difference vegetation index (NDVI)
from red and near infrared bands, and ran a 30 d
moving average to smooth the time-series and
remove holes and pixels contaminated by clouds.
NDVI senses the green part of the vegetation, and
has been widely used as a proxy for vegetation
productivity, or as a measure of the land surface’s
greenness (Solano et al 2010).

and were based on a combination of Landsat imagery
and the MODIS NDVI season for each year. The
Landsat data (Thematic Mapper (TM), Enhanced
Thematic Mapper (ETM) and Operational Land
Imager (OLI); a full list of images is provided in SI)
were used as georeferenced RGB images to visually
identify land use classes at a spatial resolution of 30 m,
which were then compared with the underlying
seasonality seen in the MODIS NDVI time-series of
the same year. For training purposes, only clear
samples covering at least one MODIS pixel (250 
250 m) were selected.
A total of 1573 training points covering four years
(table 2) were used to build a random forest model
that was then applied to all years (2000–2015).
A random forest is a non-parametric machine
learning technique (Belgiu and Drăguţ 2016, Gislason
et al 2006) that has nowadays replaced most traditional
classiﬁcation methods (Löw et al 2015, Estel et al
2015). We ran a random forest parametrization in
GRASS GIS v. 7.0 (Neteler et al 2012) with a setting of
500 trees. Several MODIS-based input images
describing the seasonality of the dominant vegetation
within a pixel were used as input to train the model.
The variables used in the model included the
smoothed NDVI in 8 d time-steps (1–46 for each
year) and several statistical metrics that were calculated
based on these 46 images. After a test run with 64 input
images for each year, only the best 15 variables were
selected (see SI for the included variables). The
importance of the variables explaining the training
samples varied, with the growing period from March
to May (images 12–17) and the (second) harvest
period in September (images 32, 33) showing high
signiﬁcance. Moreover, statistical metrics describing
the dynamics of these periods (the ratio between the
median and maximum NDVI, and the maximum
NDVI) showed the highest signiﬁcance. The model
was then run for each year (2000–2015) using the same
set of input variables for the given year.

2.4. Land use classiﬁcation
To distinguish cropland from other land uses, we
applied an approach making use of the distinct
phenology of different vegetation types (Pittman et al
2010, Eklund et al 2015). The plant’s phenological
behavior is characterized by seasonal changes in net
primary productivity, which can be captured by satellite
time-series with a high temporal resolution (Pittman
et al 2010). Four classes with a distinct seasonal pattern
were identiﬁed (ﬁgure 2): (0) bare soil, fallow land, and
artiﬁcial surfaces, (1) cropland with one harvest period
(single cropped), (2) cropland with two harvest periods
(double cropped), and (3) natural vegetation (grassland,
woodland) and orchards (see SI available at stacks.iop.
org/ERL/12/054004/mmedia).
Training data samples were collected for four years
of the whole period: 2003, 2007, 2013, and 2015. The
training data were collected manually on a pixel basis

2.5. Collection of reference data and accuracy
assessment
A random forest has a built in cross-validation
accuracy assessment by only using 66% of the training
data to build the model, whereas the remaining
samples are used for validation (Breiman 2001). Here
our model achieved an overall accuracy of 91%.
However, this validation is biased on the overall
manual setting of the training points, which is also
based on the availability of Landsat imagery. We thus
applied an additional independent validation by
setting 800 random training points (roughly 200
points per class) for the year 2014, with a minimum
distance of 500 m between the validation points to
avoid potential spatial autocorrelation (Kraemer et al
2015). The land use of these points was again
determined by means of visual assessment of Landsat
and NDVI seasonality. Accuracy assessment results

IS control
zone

An area where the IS exerts physical/
psychological pressure to assure that
individuals/groups respond as directed.

IS attack
zone

An area where the IS conducts offensive
maneuvers.

IS support
zone

An area free of signiﬁcant action against the
IS and which permits logistics and
administrative support of the IS’s forces.

2.2. Land control data
A map of the spatial extent of the IS from the Institute
for the Study of War (ISW) was georeferenced and
digitized (Institute for the Study of War 2015). The
map represents the situation in June 2015 and includes
support zones, control zones, and attack zones
(explained in table 1, shown in ﬁgure 1). The control
and support zones are areas that are more stable than
the attack zones that changes from day to day.
Therefore, only control and support zones were used
in this analysis, hereafter referred to as IS zones.
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Figure 1. Study area including the IS sanctuary as of June 2015 (Source: ISW).

Mode Land Use (00-13)
Bare soil and artificial surfaces
Cropland (single cropping)
Cropland (double cropping)
Other vegetation
IS Sanctuary June 2015
100

0

100

200

300

400 km

Figure 2. Land use classiﬁcation mode value for the reference period (2000–2013) overlaid by the IS sanctuary for June 2015.

Table 2. Training data collected per class and year.
Year/Class

Bare soil/fallow

Cropland (single)

Cropland (double)

Natural vegetation

Total

2003
2007
2013
2015
Total

97
118
83
126
424

169
173
118
213
673

41
45
36
32
154

75
65
46
136
322

382
401
283
507
1573
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Classification 2015
Bare soil and artificial surfaces
Cropland (single cropping)
Cropland (double cropping)
Other vegetation
IS Sanctuary June 2015
100
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300

400 km

Figure 3. Land use classiﬁcation results for 2015 overlaid by the IS sanctuary for June 2015.

were used to calculate adjusted area estimates for each
class and year (Congalton 1991, Olofsson et al 2014,
Olofsson et al 2013).

the reference period, as well as in 2013, but had seen a
change in 2015. We focused on changes from and to
cropland (double and single cropping).

2.6. Land use changes
To track the dynamics of cropland from 2000 to 2015
we summarized the cropland extent (both single and
double cropping) inside the IS zones. We also
generated 200 random points inside the IS zones and
calculated average rainfall during the months of
April–June to understand the cropland dynamics’
relation to precipitation. Precipitation data came
from the Tropical Rainfall Measuring Mission
(TRMM, v. 3B42) (Huffman et al 2007) dataset,
which has a spatial resolution of 0.25° and a temporal
coverage of 1998–2015. In order to understand the
effect of precipitation on cropland extent we
correlated the yearly spring precipitation with the
cropland extent using the non-parametric Spearman
rank correlation.
We use a long-term reference period based on the
years 2000–2013 for comparison with the land use
situation in 2015. To get an understanding of the most
common land use for every pixel, the mode (most
common) class value was calculated for 2000–2013.
Furthermore, to identify changes that occurred after
2013, we included information about the particular
land use class for 2013 in our analysis. The 2000–2013
mode class and the 2013 class were then compared
with the class for 2015. By doing so, we can compare
both long-term (reference period versus 2015) and
short-term (2013 versus 2015) changes and identify
areas that, for example, had been cropland for most of

3. Results
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3.1. Land use in the study area during the
2000–2013 reference period
About 26 000 (±1200) km2 (5%) of the study area had
single cropped cropland as the mode land use class
between 2000 and 2013 (ﬁgure 2). An additional 14 000
(±3400) km2 (2%) were used for double cropped
agriculture. Almost 38000 (±1500) km2 (7%) were
classiﬁed as other vegetation, and 490 000 (±3400) km2
(86%) were classiﬁed as bare soil, fallow, or artiﬁcial
areas most of the years. For the area that was later
occupied by the IS in 2015, 2100 (±100) km2 (2%) were
classiﬁed as single cropped cropland, 2000 (±700) km2
(2%) were classiﬁed as double cropped cropland, 3800
(±200) km2 (4%) were classiﬁed as other vegetation,
and 101 000 (±700) km2 (93%) were classiﬁed as bare
soil, fallow, or artiﬁcial areas.
3.2. Land use in IS zones in 2015
The land controlled or inﬂuenced by the IS in June
2015 covered an area of nearly 110 000 km2. About
6600 (±300) km2 (6%) of the IS zones were classiﬁed
as single cropped cropland in 2015, and 2600 (±700)
km2 (2%) were classiﬁed as double cropped (ﬁgure 3).
Almost 4000 (±200) km2 (4%) were classiﬁed as other
vegetation, and 95 000 (±700) km2 (86%) were
classiﬁed as bare soil, fallow, or artiﬁcial areas. The
classiﬁcation also showed that 15% of Iraq’s total
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-10

Precipitation (mm)

Figure 4. Cropland extent (statistically adjusted) and April–June precipitation pattern from 2000–2015 in the area that was under IS
control/support in June 2015. Error bars represent 95% conﬁdence intervals based on classiﬁcations’ accuracy assessment error
estimates.

cropland and 34% of Syria’s total cropland were inside
the IS zones in June 2015.
3.3. Cropland dynamics in IS areas 2000–2015
The extent of cultivated land inside the IS area in 2015
ﬂuctuated throughout the study period. The year
2003 saw the largest cropland extent with over 7300
(±300) km2 of single cropped land (ﬁgure 4). Between
2005 and 2012, the cultivated area declined to between
1400 (±80) km2 (2008) and 3200 (±140) km2 (2010).
The severe 2008 drought reduced the amount of active
cropland in the study area, but in the years after 2008
there was a slight increase in cultivated areas that
coincided with better precipitation conditions. In
2011, we observed another drop in cultivated areas,
followed by an increase in 2013 and in subsequent
years, despite less rainfall. Cropland with two harvest
periods (double cropping) generally covered a smaller
area than single cropped land. Although a signiﬁcant
and moderate correlation between rainfall and
cropland extents was found (r ¼ 0.42, p ¼ 0.1),
precipitation alone can only explain approximately
20% of the variations in cropland extents. This is
not surprising, as economic and political incentives as
well as irrigation play an important role in this region.
For example, the cropland areas in 2015 was 88%
larger than what could be explained by rainfall
variations, which is the largest such deviation over
the period.
3.4. Land use changes between 2000–2013 and 2015
The land use change map showed that the most
widespread change within the IS zones was a change
from fallow/bare soil to cropland (cropland expansion) (4.7% of the total IS area), most of it located in
the Ninewa governorate in northern Iraq (ﬁgure 5).

6

To put the changes in relation to the extent of land
use classes in the IS area we compared changes to the
extent of cropland and fallow/bare soil during the
reference period (2000–2013). As much as 96% of
the land that was fallow/bare soil during the reference
period had remained fallow/bare soil in 2015, while
4% had been converted to croplands (ﬁgure 6). Of
the reference period cropland (single cropped), 7%
had been converted to fallow/bare soil, while 90% had
remained stable. In Iraq and Syria (excluding the IS
zone), 5% had been converted to fallow/bare soil, and
92% had remained stable. A pronounced change
inside the IS area was recorded in high-intensity
cropland, where 25% of all cropland with two harvest
periods had been changed to single cropped in 2015.
In the non-IS area, however, 52% of the double
cropped lands had changed to single cropped,
indicating that the ability to maintain high-intensity
farming were higher in the IS zones.
3.5. Accuracy assessment
The overall accuracy for the 2014 classiﬁcation was
80%, with a producer accuracy of 95% and a user
accuracy of 66% for single cropland (table 3). This
means that 95% of the single cropland identiﬁed in the
validation data also was classiﬁed as cropland (single)
in the classiﬁcation, but that only 66% of the classiﬁed
cropland (single) actually was cropland according to
the validation data. We therefore had some overclassiﬁcation issues with single cropland and other
vegetation. High-intensity cropland with two harvests
showed a producer accuracy of 74%, and a user
accuracy of 92%. This caused lower conﬁdence in area
estimates, as the total area of double cropped land was
small. Other classes’ accuracies were above 75%, and
the kappa value was 0.73.
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Land Use change 2015
Bare soil/fallow -> cropland
Cropland -> fallow
Stable cropland
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Figure 5. Changes in cropland activity between the reference period 2000–2013 and the change year 2015.
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2
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Figure 6. Changes per land class between the reference period (2000–2013) and 2015 in the non-IS area and in the IS zones. Labels
show the area of change in km2.

4. Discussion
Our results show that in June 2015 the IS was in
control of an area that included 15% of Iraq’s total
cropland and one third of Syria’s. This means a change
in land control that might have an effect on who
manages the lands and how. Our results support three
7

major short-term changes to the land use in Iraq and
Syria (both inside and outside the IS zones) since the
large-scale land seizure of the IS: cropland expansion,
cropland decrease (abandonment), and reduction of
cropland intensity.
Looking at the land use change maps we see an
overall increase in cropland area where almost 5% of

Environ. Res. Lett. 12 (2017) 054004

Table 3. Results from the accuracy assessment for 2014.
Class
0—Bare soil
1—Cropland (single)
2—Cropland (double)
3—Other vegetation
Overall accuracy
Kappa

Producer Accuracy

User Accuracy

75%
95%
74%
76%

99%
66%
92%
77%
80%
0.73

the total IS area had seen a conversion from fallow/
bare soil to cropland in 2015. This change was
particularly widespread in the northern part of the
Ninewa governorate in Iraq, in areas both inside and
outside the IS zones. Furthermore, the area used
for single cropland in the IS zones in 2015 were three
times as much as the reference classiﬁcation for
the same area. A fatwa (religious edict) was issued by
the IS in December 2014 stating that the agricultural
lands of people who have ﬂed can be seized as war
booty, indicating that abandoned lands can be
reclaimed and cultivated under IS control (al-Tamimi
2015). Furthermore, the IS has been reported to force
landowners to keep cultivating the land in order to
control food production (Jaafar and Woertz 2016,
Regional Food Security Analysis Network (RFSAN)
2016). In addition to using abandoned lands, we also
ﬁnd that fallow lands have been taken into cultivation
again.
Considering that over 15 million people have been
forced to leave their homes in Syria and Iraq due to the
conﬂict, abandonment of land was expected. We
found signs of land abandonment in the IS zones
where 7% of what had been cropland during the
reference period (2000–2013) had changed to fallow/
bare soil in 2015. This is only slightly more than land
abandonment outside the IS zones, in which only
5% of the cropland was converted to fallow/bare soil.
A special report from Reuters stated that many farmers
in the IS zones of Iraq had not planted any seeds for
the 2015 season due to land access problems, fertilizer
and fuel shortages, and uncertainty of getting their
crop bought by the new ‘government’ (Fick 2015).
Cropland turned fallow inside the IS zones did not
show any particular spatial concentration, indicating
that these changes were happening at a smaller scale.
A change in cropland intensity was seen inside the
IS zones, where 25% of the double cropping area had
only been harvested once in 2015. Important to note
here is the small extent of double cropped area inside
the IS zones, so the change in absolute terms is not that
remarkable. Furthermore, the non-IS zones saw a
much larger relative change, where 52% of the highintensity cropland changed from having two to only
one harvest. This indicates that farmers in both Iraq
and Syria were having problems maintaining highintensity agriculture, but that farmers inside the IS
zones were maintaining high-intensity agriculture to a
wider extent.
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The accuracy assessment showed a relatively high
overall accuracy (80%), a value which is in line with
similar studies using comparable data sources (see
Hostert et al (2011), Estel et al (2015) and Löw et al
(2015)). Some caution should be taken as we have
identiﬁed some over-estimations of single cropland
and other vegetation, and under-estimations of bare
soil, double cropland, and other vegetation. By
calculating adjusted area estimates, these uncertainties
are represented in the reported results; however, it is
difﬁcult to identify the exact location of errors in the
classiﬁcation maps.
Whether the identiﬁed changes will be permanent
or temporary cannot be determined at this point, but it
will be a topic of our future investigations as the situation
progresses, since the constructed model can easily be
applied for monitoring the coming years. Other cases of
conﬂicts and socio-economic shocks have shown to
cause regime shifts in land use trajectories, such as
reduced intensity in land use (Hostert et al 2011). If the
armed conﬂict situation continues, we may see shortages in agricultural inputs, such as seeds and fertilizers
(reported by Dahan and Barrington (2016)) which will
reduce the ability of farmers to maintain high-intensity
agriculture. On the other hand, as the results of this
article show that 63% of the high-intensity agriculture
was maintained in IS areas (compared to 40% in non-IS
areas), there may already be informal trade routes that
have secured access to agricultural inputs in certain
areas. Migration of skilled agricultural workers may lead
to changes in land management, potentially affecting the
productivity of land.
Changes to land use in armed conﬂict contexts can
be caused by a variety of different factors, both related
to, and independent of, conﬂict. While the availability
of water from rainfall directly affects the ability to grow
crops, we found that rainfall alone could not explain
the ﬂuctuations in cropland extent in the IS zones.
Instead, we need to look at other incentives for land
use changes, such as agricultural policies or market
demand. As an example, the government of Iraq
forced farmers to increase the cropland extent in order
to compensate for the government’s inability to
import food and fertilizer, during a period of
international trade sanctions in the 1990s (Gibson
et al 2012). Syria has, on the other hand, had a recent
history of market-oriented agricultural policies, where
government incentives supported certain strategic
crops and heavy irrigation (Eklund and Thompson,
submitted). The complex relationships between
conﬂict, economy, migration, and land use needs
further investigation to give a better understanding of
the causal mechanisms that drive land use change in
conﬂict contexts.
Food security in Iraq and Syria have, according to,
e.g. the Food and Agriculture Organisation (FAO)
(2014), FAO (2016), World Food Programme (WFP)
(2016), and Whole of Syria (2016), been negatively
affected by limited access to infrastructure, increased
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food prices, lowered livelihood activities, as well as
reductions in planted and harvested areas. FAO (2016)
reported that an estimated 9.4 million Syrians were in
need of food assistance in June 2016, due to
displacement and problematic food access conditions.
Our results show that the food security situation in the
two countries is compromised by access and affordability issues, rather than by a reduction in agricultural land
use. However, even though our results show an increase
in low-intensity croplands in 2015, we do not know who
is cultivating the land, or where the produced crops end
up. Jaafar and Woertz (2016) reported sustained
production in IS controlled areas and highlighted the
fact that agriculture had become an important revenue
for the IS, but also that there is much uncertainty about
where the production goes. Estimates on cultivated
areas in Syria, which show opposite results to ours, are
generally based on government reports, ﬁeld observations, group interviews, and questionnaires, which are
described as ‘indicative’ rather than absolute (FAO
2016). A satellite-based classiﬁcation of land use could
greatly improve those assessments to gain more reliable
numbers.

5. Conclusions
This paper provides insights into how the emergence
of the IS has affected agricultural activity in Syria and
Iraq. A major result is a cropland expansion in 2015 in
areas that have been fallow for a longer period. In
addition to these increases in cropland, we also ﬁnd
the opposite development—areas where cropland has
turned fallow, and a shift from high- to low-intensity
farming. This means that the emergence of the IS and
the related violence have reshaped the agricultural
landscape of Iraq and Syria in some areas, but that
low-intensity agriculture has generally been maintained and even expanded in some places. Interestingly, even high-intensity farming seems to have been
better maintained inside the IS zones than in the rest of
Iraq and Syria. These ﬁndings raise questions about
the strategic use of agriculture in conﬂicts, for example
as a source of revenues, sustenance for ﬁghters, or
to appease the local population. Further research should
also look at the prospects for long-term sustainability of
agricultural production in conﬂict areas.
This research highlights the fact that the effects of
armed conﬂict on land use are not unidirectional, but
that changes are heterogeneous and dependent on
local contexts. This demonstrates the complexity of
the population-land nexus in conﬂict situations and
shows the need for a better understanding of the
contexts in which these changes are happening.
Further research on the topic of conﬂict and land
systems should focus on developing a framework for
understanding which socioeconomic, environmental,
and conﬂict-related factors play a role in creating
certain land change outcomes.
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