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Abstract: Due to armed conflicts, the sudden changes in land cover are among the most drastic and
recurring shocks on an international scale, and thus, have become a major source of threat to soil and
water conservation. Throughout this analysis, the impact of land cover change on spatio-temporal
variations of soil erosion from 2009/2010 to 2018/2019 was investigated using the Revised Universal
Soil Loss Equation (RUSLE) model. The goal was to identify the characteristics and variations of
soil erosion under armed conflicts in the basin of the Northern Al-Kabeer river in Syria. The soil
erosion rate is 4 t ha−1 year−1 with a standard deviation of 6.4 t ha−1 year−1. In addition, the spatial
distribution of erosion classes was estimated. Only about 10.1% of the basin is subject to a tolerable
soil erosion rate and 79.9% of the study area experienced erosion at different levels. The soil erosion
area of regions with no changes was 10%. The results revealed an increase in soil erosion until
2013/2014 and a decrease during the period from 20013/2014 to 2018/2019. This increase is a result of
forest fires under armed conflict, particularly toward the steeper slopes. Coniferous forest as well as
transitional woodland and scrub are the dominant land cover types in the upper part of the basin,
for which the average post-fire soil loss rates (caused by factor C) were 200% to 800% higher than
in the pre-fire situation. In the period from 2013/2014 to 2019/2020, soil erosion was mitigated due
to a ceasefire that was agreed upon after 2016, resulting in decreased human pressures on soils in
contested areas. By comparing 2009/2010 (before war) with 2018/2019 (at the end of the war stage),
it can be concluded that the change in C factors slowed down the deterioration trend of soil erosion
and reduced the average soil erosion rate in more than half of the basin by about 10–75%. The area
concerned is located in the western part of the basin and is relatively far from the centers of armed
conflicts. In contrast, the areas with increased soil erosion by about 60–400% are situated in the
northeast and east, with shorter distances to armed conflict centers. These findings can be explained
by forest fires, after which the burned forests were turned into agricultural land or refugee camps and
road areas. Understanding the complex biophysical and socio-economic interactions of exposure
to land loss is a key to guarantee regional environmental protection and to conserve the ecological
quality of soil and forest systems.
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1. Introduction

Soil erosion and its consequent land degradation in the marginal lands of the Mediterranean
is a serious problem, as it directly affects the environment and sustainable development [1–5].
The eastern Mediterranean area is especially vulnerable to erosion, since it is subject to long dry spells
accompanied by heavy rainfall falling on steep slopes with weak soil [2,6]. Erosion levels are predicted
to rise in the 21st century due to climate change [7]. While soil erosion results from the interplay
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between soil erodibility and rainfall erosivity factors, maladjusted human activities such as slope
agriculture, deforestation, expansion of urban areas and highways as well as overgrazing exacerbate the
issue [8,9]. Erosion has been growing due to land cover change and unsustainable land cover transition
management activities. The increase of wildfires are one of the most important sources of land-use
change in the Middle East [10,11]. This problem has been intensified by the emergence of numerous
armed conflicts. Syrian ecosystems are often vulnerable to wildfires. Accelerated deforestation cycles
due to wildfires in these ecosystems are a significant limiting factor in their sustainability. In the
mountainous regions of Syria, where dense forests cover much of the area, forest fires are the worst
human intrusion [12]. These fires have increased dramatically over the past 10 years along with
changes in land use due to the Civil War. Many regions were subject to extensive fires in conflict
areas, which led to the destruction of crops and forests [13,14]. In 2010, Syria had 116 kha of natural
forest, covering over 0.62% of its land area. From 2010 to 2019, Syria lost 16.18 kha of forest, which is
equivalent to a 14% decrease in tree cover since 2010 [15]. Although fires are a natural occurrence
that can have beneficial effects on the revitalization of vegetation, the high frequency and intensity of
these fires have caused the destruction of forest habitats. Warfare and armed conflicts are among the
most dramatic shocks, and can have tremendous impacts on communities and, hence, on land systems.
Although widely believed to have significant consequences on land-use transition and soil erosion,
research into how military wars influence land-use decisions and soil erosion as well as its trends is
rare. Studies have indicated that the impact of armed conflicts on forests and land use can be broadly
summarized as reaching in two directions: firstly, this interaction entails a shift in resources or land
usages caused by the intensified or inappropriate utilization of natural resources throughout the war.
Examples of this include intensified timber and fuelwood use close to refugee settlements [16,17], a lack
of habitat, where protected areas are shelters for terrorists, or areas being left unguarded, leading to
stolen natural resources throughout periods of fighting [18]. Secondly, the interaction between armed
conflicts and forests and land use suggests that biodiversity and ecosystems may also benefit from
military conflicts. This would, for example, be the case in the dispute areas where human activity is
reduced or in landmine-contaminated areas (e.g., the demilitarized area between North and South
Korea) [19,20]. Forest recovery has also been associated with more complex social and economic shifts
tied to civil war and global trade in El Salvador [17,21].

The Syrian coastal mountain fires are one of the most important sources of land-use change in the
Middle East. Erosion due to the wildfire impact is of great concern to land managers. Research on soil
degradation due to water erosion in Syria is restricted to a few studies focused on experimental and
modeling studies. For instance, Karydas et al. [22] found that the runoff coefficient was three times
greater on burned watershed than the unburned part. In an experimental study, in Ein Al-Jaouz/Tartous
the soil erosion rate was 0.1 t ha−1 year−1 for the area that was not burned and 7.2 t ha−1 year−1

when burned. Reference experimental sites in the Syrian coastal mountains region found that the
soil loss rates ranged between 9 and 56.5 t ha−1 year−1 in the burned forest compared to 1.4 and
15 t ha−1 year−1 before burning and 165 t ha−1 year−1 when the slope was 45% in the agricultural
system [23]. Mohammed et al. (2020) found that the average soil erosion rate ranged between 1.4 and
7.4 t ha−1 year−1 in the burned forest in five locations in the coastal region of Syria [24]. Abdo and
Salloum (2017) found a high soil erosion rate of 4% in the Alqerdaha basin of north-west Syria [25].
Barakat et al. (2014) [2] produced a soil erosion risk map based on the COoRdination of Information
on the Environment (CORINE) model for the middle and down the basin of the Northern Al-Kabeer
River and showed that 2% of the study area had a high-risk soil erosion rate, 22% a moderate-risk soil
erosion and 75% a low-risk soil erosion.

The impact of the war on erosion has not been addressed. Most studies were limited to the effect of
the war on agricultural production [13], the impact of the war on green spaces in the city of Aleppo [26]
and the impact of oil refining on the environment [27]. The conflict situation adversely affected the
agricultural sector, leading to a change in the land use patterns and a reduction in both the cultivated
land and forest areas.
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There are several models for predicting the magnitude of the erosion caused by water. The models
range from the empirical RUSLE (Revised Universal Soil Loss Equation [28]) and EPM (Erosion Potential
Method [29]) to the physical PESERA (Pan European Soil Erosion Risk Assessment), Water Erosion
Prediction Project [30,31] and WEPP (Water Erosion Prediction Project [32,33]).

These models vary considerably in factors and in the complexity involved in calculating each
factor [2,34–38]. Among them, the RUSLE model is considered as one of the widely applied empirical
model for estimating soil water erosion [39–41]. This model has not yet been verified in Syria [25],
but it has been verified in a number of Mediterranean regions (Portugal, Italy and the Palestinian
Autonomous Area) [42–45] that are similar to the study area. For example, Abu Hammad et al. [44]
checked the RUSLE in the study region and used field plots soil erosion measurements in the southeast
of the Ramallah District in the Palestinian Autonomous Area (65 km2). The results showed the RUSLE
soil loss was estimate to be three times the actual soil loss. By adjusting the RUSLE, according to the
prevailing conditions of the Mediterranean area, they improved the performance of the model three
times. Aiello et al. [45] also verified the rates of soil erosion at the sub-basin scale of the Bradano basin
(1500 km2) by comparison with the San Giuliano reservoir silting value. The total amount of gross soil
loss ranges between ~1.04 × 106 t year−1, as computed with the Revised Universal Soil Loss Equation
for Complex Terrain (RUSLE3D), and ~1.33 × 106 t year−1, as computed with the measured silting data.
The RUSLE estimation showed a good match with the measured silting data. We also verified the rates
of soil erosion in our study area at the sub-basin of the Northern Alkabeer basin by comparing them
with an analysis of the sediments in the reservoir provided by Hasan et al. [46] on 16 November 2017.
The RUSLE calculation showed good consistency with the measured sediment outputs. The total gross
soil loss ranges from 465,785 t year−1, as calculated with RUSLE, to 474,865 t year−1, as sedimentation
has been measured. The validation attempts of the RUSLE model showed its feasibility to estimate the
spatial distribution of soil loss for a region in the Mediterranean areas, to provide estimates for soil
erosion at the watershed scale and to ensure a good match with the measured silting data. Based on
this, we used the RUSLE model, considering that its input parameters are easily available [6,47,48].

In view of the above, the primary objective of this article is to estimate the impact of land cover
change on the spatio-temporal distribution and to identify characteristics of soil erosion for the basin
of the Northern Al-Kabeer river from 2009/2010 (hydrological year from September to August) to
2018/2019 under armed conflict. Estimates are to be made using the RUSLE model Remote Sensing
(RS) and Geographic Information Systems (GIS) technologies with free available data for conditions
before and during armed conflict in Syria. The second goal is to provide decision-makers and planners
with knowledge to take sufficient priority steps for forest and soil protection when the war is over.

2. Materials and Methods

2.1. Study Area

The research was performed in the basin of the Northern Al-Kabeer River of the Northern Province
of Latakia (Syria), one of the main coastal rivers. The Northern Al-Kabeer watershed covers an 845 km2

area (35◦29′11.546′′ to 35◦53′48.59′′ N, and 35◦48′14.36′′ to 36◦15′7.47′′ E) (Figure 1). The length of
the river within the Syrian lands is about 60 km. It originates from the northern end of the western
mountains of Latakia, specifically from the high mountains situated at the Turkish border and as
the Ansari Mountains of the northern province of Latakia. The altitudinal range is from around 1 m
above mean sea level in the western plain (the so-called Latakia Plains) to the northeastern coastal
mountains (1551 m) (Figure 1). About 81% of the total basin area includes hilly and mountainous
regions; the remaining 19% are flatlands. The region lies within the Mediterranean climate zone [49].
It is mainly characterized by seasonal atmospheric circulations, altitude and topography, has an average
annual temperature of 12–28 ◦C and an annual precipitation of 550–1100 mm. The main land-use areas
are forests and shrubland in the east basin, whereas components from agriculture field, forest groves of
citrus and olive trees and other fruits can be found in the western basin [49]. Forests cover widespread
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areas throughout the upper basin and parts of the central basin. The most important of these host
species are Pinus bruti, Quercus calliprino and Pistasia palaestina (Boiss) [50].
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Figure 1. Location and topography of the study area in Syria.

2.2. Data

The key relevant data included in this study are based on five input parameters derivable from
the RUSLE model’s soil properties, precipitation, topography, cover and crop management as well as
conservation practices as follows:

Due to the lack of climatic data from earth stations during the war, we selected daily Climate
Hazards Group InfraRed Precipitation with Station data (CHIRP) V2.0 with a spatial resolution of 0.25◦

for this study. The rainfall is estimated from Rain Gauge and Satellite Observations. Monthly and
yearly data were calculated according to the hydrological year (September–August) for the years
2009/2010, 2013/2014 and 2018/2019.

In this research, freely available data from the Panchromatic Remote-sensing Instrument for Stereo
Mapping, Digital Elevation Model (PALSAR DEM) with a spatial resolution of 12.5 m were collected
from the Alaska Satellite Facility Distributed Active Archive Data Center (ASF DAAC) in GIS-ready
GeoTIFF format. Landsat TM remote sensing images in 2009/2010 and Landsat 8 Operational Land
Imager (OLI) data from 2013/2014 and 2018/2019 were collected from the Data Sharing Infrastructure
of Earth System Science (http://www.geodata.cn), with a spatial resolution of 30 m.

Soil data sets in SoilGrids system at 250 m, including soil type distribution map soil properties
(sand, clay, silt and organic carbon fractions), were compiled by International Soil Reference and
Information Centre (ISRIC)—World Soil Information.

2.3. Soil Erosion Using RUSLE Model

In the RUSLE model, the following five parameters were used to predict soil loss [51]:

A = R × K × LS × C × P (1)

here, A: computed spatial yearly soil loss (t ha−1 year−1); R: Rainfall erosivity factor (MJ mm ha h−1

year−1); K = soil erodibility factor (t h−1MJ−1 mm−1); LS = slope length factor and slope steepness
factor (unitless); C= land surface cover management factor (unitless); and P = conservation practice
factor or erosion control (unitless).

http://www.geodata.cn
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Due to the ongoing war in the region and the high costs of field work measurements [52,53],
the study relied on secondary data available in the Geographic Information System (GIS) and remote
sensing. Field work was limited to field trips to verify fires, land use changes and soil erosion
in 2012–2016.

The R factor determines the erosivity of rainfall at a given location, depending on the amount
and intensity of rainfall and the rate of rainfall-related runoff [54]. The majority of sheet or rill erosion
is caused by high runoff flow as a consequence of heavy storms. In this analysis, the approach of
Arnoldus (1977) was employed, as it was derived under similar climate conditions as in the study
region and is commonly used in Syria [49,55] (see Appendix A). The rainfall erosivity factor (R) was
calculated using a method based on monthly average rainfall aggradations given by data from the
Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) including the interpolation tool
Inverse Distance Weighted (IDW) in the program ArcGIS 10.7.

Soil erodibility factor (K) is a dynamic property that quantifies the susceptibility of soil particles in
sheet flow and rills to detachment and transport by a splash during runoff, water flow or both [53,56–58].
Soil erodibility is related to the combined impact of rainfall, drainage and soil loss penetration, and is
generally referred to as soil erosion factor (K). This study used the K factor (Figure 2a), estimated using
soil properties (sand, silt, clay and organic carbon fractions) at 5 cm depth compiled by ISRIC—World
Soil Information with a spatial resolution of 250 m [39]. The equation was used to estimate the erodibility
of soil, as suggested by [59] (see Appendix A).
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Figure 2. Factor maps of soil erosion modeling of the Northern Al-Kabeer river basin. (a) Soil erodibility
factor map; (b) slope length and slope steepness (LS) factor map.

The LS factor reflects the influence of local topography on the soil erosion rate, integrating the
effects of the slope length (L) and slope steepness (S). The LS factor has been generated using the
PALSAR DEM with a spatial resolution of 12.5 m (2011), which has been collected from the Alaska
Satellite Facility Distributed Active Archive Data Center (ASF DAAC).

The slope length factor (L) is provided by the Desmet and Govers (1996) [60], and is enhanced by
the USLE estimation technique. It considers the upstream contribution area, where the impact of the
slope length is a function of the ratio of rill erosion to inter-rill erosion (caused by raindrop impact) and
is more appropriate for areas with complex slopes. Steep slopes (L) and rolling topography provide a
vital medium for a lower position of the springing runoff water. The slope-steepness factor (S) shows
how easily water can flow over a given surface that interacts with the ground angle and affects the soil
erosion rate [40]. The estimation of the S-factor originally proposed by Wischmeier and Smith (1978)
was proposed by McCool et al. (1987) in the RUSLE model to achieve an improved representation of
the slope steepness factor, taking into account the ratio of the rill and inter-rill erosion. McCool et al.
(1987) found that soil erosion occurred more rapidly on slopes with a steepness of more than 9%.
Therefore, he used one algorithm for slopes < 9% and another for slopes > 9% (see Appendix A).

The Normalized Difference Vegetation Index (NDVI) is one method to estimate the C factor from
remotely sensed data and is the most widely used vegetation index. In Europe, van der Knijff et al. [61]
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developed the following relationship with the image satellite-based standardized vegetation difference
index (NDVI) between field-calibrated C factor values to produce a continuous C factor surface
(Equation (2)):

C = exp
[
−2

NDVI
(1−NDVI)

]
(2)

It was proposed to use the NDVI image acquired when soil erosion is strongly active during the
rainy season. Thus, the C factor layer (Figure 2b) used in our study was created using Landsat TM
remote sensing images in 2009/2010 and Landsat 8 Operational Land Imager (OLI) 2013/2014 and
2018/2019 for the rainy seasons (September–May) using Equation (2).

The Conservation Practice Factor in the RUSLE model expresses the effect of conservation practices
mitigating erosion by minimizing the volume and rate of water runoff. It is the ratio of soil loss to the
related loss of slope-parallel tillage with a particular support activity on cropland. As a result of the
lack of support activities in place in the Northern Al-Kabeer river basin, a value of 1.0 for the entire
region was assumed to support the conservation practice factor.

2.4. Role of Vegetation in the Soil Erosion Changes

In order to detect the role of vegetation in soil loss transition, the soil erosion modulus of various
times has been determined in tow scenarios according to Wang and Su [62]. The natural condition
and C factor fixation to detect the role of vegetation in soil loss transition and the contribution rate
of vegetation to soil erosion were analyzed by comparing the average soil erosion modulus under C
factor fixation scenarios with the real average soil erosion modulus in the natural condition:

- The first scenario showed the natural condition of the soil erosion modulus in the initial year in
each period of 2009/2010–2013/2014, 2013/2014–2018/2019 and 2009/2010–2018/2019, i.e., the actual
soil erosion modulus in each period.

- Scenario C factor fixation is the soil erosion modulus calculated by the C factor value using the
end year of each period, i.e., 2013/2014 and 2018/2019, while other factors values remain as used
at the initial year of each periods.

The wildfire inventory dataset was created using the GPS data from the field surveys in 2012–2016
and evaluated using the hotspots of MODIS and Google Earth images. These corrections were manually
done in the geographic information system ArcGIS 10.7. However, they did not include all wildfire
events due to difficulty in access as a result of fires, artillery and missile shelling.

3. Results

3.1. Distribution of Soil Erosion Factors in the Northern Al-Kabeer River Basin

The factors were mapped by ArcGIS environment in the Northern Al-Kabeer river basin.
The erosion layers were generated at a cell size of 12.5 m, following the DEM resolution, which was
the finest among the input datasets. The results indicate that the value of the K factor varied from
0.019 to 0.023 t h−1MJ−1 mm−1 (Figure 2a). Much of the Northern Al-Kabeer basin areas are covered
with a texture of sand, clay and loam. The value of the LS factor ranged from 0.03 to 200 for the entire
region (Figure 2b). The cover management factor (C) value varied between 0 and 1. The R factor value
ranges from 375 to 650 MJ mm ha−1 h−1 yr−1, with the maximum values in the north-eastern part of
the basin and the lowest values in the south-western part of the basin. (Figure 3a–c). The average
R factor was 430 MJ mm ha h−1 year−1 in 2010 and then increased to 505 MJ mm ha h−1 year−1 in
2013/2014, but decreased again to 445 MJ mm ha h−1 year−1 in 2019/2020. The value of the C factor
decreased in 2013/2014 in comparison to 2009/2010 due to the forest fire in 2012 and 2013. After that
it increased again until 2019/2020. The soil that is covered by trees and forests, and hence protected
from soil erosion, are classified as low (0.001–0.03). Built-up areas/settlements and barren land are
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associated with high soil loss and a value of 0.8–1. Similarly, there is less soil erosion associated with
farming. These are ranked as 0.18 and 0.28, respectively (Figure 3d–f).
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Figure 3. Factor maps of soil erosion modeling of the Northern Al-Kabeer river basin (a–c) map of
rainfall erosivity factor in 2009/2010, 2013/2014 and 2018/2019, respectively; (d–f) cover management
factor map in 2009/2010, 2013/2014 and 2018/2019, respectively.

3.2. Estimation and Spatial Distribution of Soil Erosion Rates in the Northern Al-Kabeer River Basin

To facilitate the analysis of the spatial distribution of the soil erosion rates and to promote the
visual comparison of the three maps, the basin’s soil loss was classified into eight categories [40,61,63]
(Table 1). The distribution of soil erosion maps in 2009–210, 2013–2014 and 2018–2019 was produced in
ArcGIS 10.7 (Figure 4; Table 1).
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Figure 4. Erosion classification map of the Northern Al-Kabeer watershed in (a) 2009/2010, (b) 2013/2014
and (c) 2018/2019.

Table 1. Soil erosion classes in 2009/2010, 2013/2014 and 2018/2019.

Erosion Classes (t ha−1 year−1)
2009/2010 2013/2014 2018/2019

Area
(km2)

Percent
(%)

Area
(km2)

Percent
(%)

Area
(km2)

Percent
(%)

Very low—VL (0–0.5) 74.5 8.8 42.3 5.0 186.6 22.1

Low—L (0.5–1) 95.9 11.4 36.2 4.3 178.7 21.2

Low medium—LM (1–2) 198.8 23.5 84.1 9.9 217.1 25.7

Medium—M (2–5) 316.5 37.5 238.1 28.2 191 22.6

High Medium—HM (5–10) 113.5 13.4 252.7 29.9 52.3 6.2

High—H (10–20) 31.6 3.7 126.2 14.9 13.5 1.6

Very high—VH (20–50) 12.9 1.5 54.8 6.5 5.1 0.6

Extremely high—EH (>50) 1.4 0.2 10.8 1.3 0.7 0.1
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The average rate well exceeds the tolerance limit of 1 t ha−1 year−1 soil loss for the study areas.
In Table 1, it is observed that the soil erosion intensity in most of the study area was classified as low
medium to high medium (1–10 t ha−1 year−1), which is more than 66% of the river basin. About 24%
of the watershed is under the tolerant erosion rate. On the contrary, the distribution of soil losses in
the study area of over 10 t ha−1 year−1 (very high and extremely high soil classes) was lower and
accounted for around 10% of the total area. However, the rate of soil erosion remains high compared
to other basins in the Mediterranean region. The critically high watershed soil erosion is related to
the upstream portion of the river. Removal or alteration of the vegetation, destruction of the forest,
fires caused by human activities and shallow depth of the soil above the bedrock significantly increase
soil erosion. Overall, the far east and southeast portions of the basin (upstream region and eastern
portion of the downstream region of the Northern Al-Kabeer river) is characterized by soil loss, where a
shallow depth of the inceptisols (xerofluvents) soil and built up areas are causing erosion (Figure 4).
The very low erosion class was found mainly in the upstream region due to land cover by forest, and in
the downstream region due to the flat terrain (Figure 4).

From 2009/2010 to 2013/2014, the average annual soil erosion module increased and decreased
from 2013/2014 to 2018/2019 with an average of 3.6 t ha−1 year−1 and a standard deviation of 6.4 t ha−1

year−1 in 2009/2010; the average was 7.9 t ha−1 year−1 with a standard deviation of 12 t ha−1 year−1

in 2013/2014; and the average was 2.2 t ha−1 year−1 with a standard deviation of 4.3 t ha−1 year−1 in
2018/2019.

Tables 2–4 show the erosion change matrix between 2009/2010, 2013/2014 and 2018/2019. In the
period of 2009/2010 to 2013/2014, the soil erosion area of regions with no changes was 30%. The region
shows that the total area under very low erosion, low erosion, low medium erosion and medium
erosion in 2009/2010 was nearly 9%, 11%, 24% and 38% of the total area, respectively. Different results
were observed for the watershed, where the area under very low erosion, low erosion, low medium
erosion and medium erosion was 5%, 4%, 10% and 28%, respectively, in the year 2013/2014. The region
of elevated erosion can primarily be attributed to the change from low medium erosion to medium
erosion, medium erosion to high medium erosion and high medium erosion to high erosion. The low
medium erosion area decreased from 24% to 10%; this 14% transferred to medium erosion and high
medium erosion.

Table 2. Change the soil erosion matrix classes from 2009/2010 to 2013/2014 (%).

Soil Erosion Classes
Soil Erosion Classes 2013/2014 Grand Total

VL L LM M HM H VH EH

Soil erosion
classes 2009/2010

VL 4.23 1.80 1.25 1.03 0.36 0.08 0.04 0.02 8.81
L 0.47 1.77 3.65 3.25 1.63 0.44 0.12 0.03 11.35

LM 0.19 0.57 4.02 10.73 5.33 2.05 0.55 0.07 23.52
M 0.08 0.12 0.89 11.95 16.87 5.63 1.73 0.19 37.45

HM 0.02 0.02 0.10 0.91 5.02 5.46 1.68 0.23 13.43
H 0.01 0.01 0.02 0.21 0.50 1.07 1.69 0.23 3.74

VH 0.01 0.00 0.01 0.06 0.16 0.19 0.65 0.43 1.53
EH 0.01 0.00 0.00 0.02 0.02 0.02 0.02 0.08 0.17

Grand total 5.02 4.30 9.94 28.17 29.89 14.93 6.48 1.28 100.00

From 2013/2014 to 2018/2019, the soil erosion area of the watershed with initially no change
decreased to 10%. The areas of very low, low and low medium erosion classes increased, with amplitude
reductions of 17%, 17% and 16%, respectively. The areas of medium, high medium, high, very high
and extremely high erosion decreased, with amplitudes of 6%, 24%, 13%, 6% and 1%, respectively.
The region with decreased erosion was primarily because 10%, 10% and 6% area under medium erosion
class was classified as very low, low and low medium erosion classes, respectively. Additionally,
6%, 12%, and 11% transferred from high medium to low, low medium and medium erosion classes,
respectively. It is noted that the erosion had decreased significantly in a short time.
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Table 3. Change the soil erosion matrix classes from 2013/2014 to 2018/2019 (%).

Soil Erosion Classes
Soil Erosion Classes 2018/2019 Grand Total

VL L LM M HM H VH EH

Soil erosion
classes 2013/2014

VL 4.97 0.05 0.00 0.00 0.00 0.00 0.00 0.00 5.02
L 3.71 0.54 0.04 0.00 0.00 0.00 0.00 0.00 4.30

LM 5.34 3.69 0.87 0.06 0.00 0.00 0.00 0.00 9.95
M 5.94 10.08 9.55 2.48 0.10 0.01 0.00 0.00 28.16

HM 1.87 5.59 11.17 10.32 0.84 0.09 0.00 0.00 29.89
H 0.23 1.02 3.40 7.28 2.76 0.21 0.03 0.00 14.93

VH 0.02 0.18 0.65 2.31 2.17 0.93 0.20 0.01 6.47
EH 0.00 0.00 0.02 0.14 0.32 0.36 0.37 0.07 1.28

Grand total 22.08 21.15 25.70 22.60 6.19 1.60 0.60 0.08 100.00

From 2009/2010 to 2018/2019, the soil erosion area of the watershed with no alterations increased
to 30%. Very low, low and low medium classes showed increasing trends during this time period,
in contrast to a decrease in the change rate of high classes. This was due to vegetation regeneration after
fires. The area with a decreased rate of change was largely caused by the transition from low medium to
low erosion, medium to low medium and high medium to medium erosion classes. Approximately 8%
and 14% and 8% of areas transferred from low medium erosion to low erosion, and medium erosion to
low medium erosion and low erosion, respectively.

Table 4. Change the soil erosion matrix classes from 2009/2010 to 2018/2019 (%).

Soil Erosion Classes
Soil Erosion Classes 2018/2019 Grand Total

VL L LM M HM H VH EH

Soil erosion
classes 2009/2010

VL 7.22 0.95 0.42 0.16 0.03 0.01 0.01 0.00 8.81
L 5.76 3.10 1.56 0.75 0.12 0.04 0.01 0.00 11.35

LM 6.03 7.93 6.06 2.83 0.49 0.13 0.04 0.01 23.52
M 2.65 8.13 14.23 10.56 1.52 0.27 0.08 0.02 37.45

HM 0.28 0.82 2.89 6.75 2.28 0.30 0.09 0.01 13.43
H 0.08 0.16 0.41 1.22 1.32 0.44 0.09 0.01 3.74

VH 0.04 0.05 0.11 0.30 0.40 0.38 0.24 0.01 1.52
EH 0.02 0.01 0.01 0.03 0.02 0.02 0.05 0.02 0.17

Grand total 22.08 21.15 25.70 22.60 6.19 1.60 0.60 0.08 100.00

3.3. Impact of Vegetation for Soil Erosion Rates

Figure 5 illustrates spatial distribution of burned areas and front lines 2012–2019 and C factor
in burned areas. Extremely high C factors were obtained in areas covered by coniferous forests,
which were severely affected by the fire in 2013 and 2014 in southeast basin. These areas are located
near the front line in 2014, while the other parts are located in the southeast basin with considerable
distance. The main cause is exposed to artillery and missiles. In these areas, the average pre-fire C factor
was estimated to be around 0.02–0.1, whereas after the fire this value was estimated at an extremely
high value of 0.4–0.6. The cessation of fighting after 2016 contributed positively to the vegetation
recovery in most parts of the region. Moreover, the C factor is a parameter critical for burned areas
because the density of vegetation cover, which plays a role as a productive agent against soil erosion, is
highly significant for the occurrence of wildfires, especially in forested areas.
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Figure 5. (a) Spatial distribution of burned areas and front lines 2012–2019 and the C factor in burned
areas in (b) 2009/2010, (c) 2013/2014 and (d) 2018/2019.

Figure 6 shows the impact of factor (C) of the vegetation cover on soil erosion rates in different
periods. It displays the 2009/2010 to 2013/2014 time period. Due to the change in vegetation coverage
factors, the rate of soil erosion increased in most areas of the basin. The areas with the main increase of
soil erosion rates are located in the central and eastern parts of the basin. Coniferous forests as well
as transitional forests and scrublands are the dominant forms of land cover, for which the average
post-fire soil loss values (by reason of C factor) are 200% to 800% higher than in pre-fire conditions.



Water 2020, 12, 3323 23 of 35
Water 2020, 12, x FOR PEER REVIEW  23 of 34 

 

(a) 

Figure 6. Cont.



Water 2020, 12, 3323 24 of 35
Water 2020, 12, x FOR PEER REVIEW  24 of 34 

 

(b) 

Figure 6. Cont.



Water 2020, 12, 3323 25 of 35
Water 2020, 12, x FOR PEER REVIEW  25 of 34 

 

(c) 

Figure 6. The effect of the C factor on the rate of soil erosion over different periods. (a) 2009/2010–

2013/2014 (b) 2013/2014–2018/2019 (c) 2009/2010––2018/2019. 

The decline in vegetation due to forest fires in 2012, 2013 and 2014 were overall due to the civil 

war, during which hundreds of shells and bombs were fired in this area (Figures 5 and 6). In addition, 

forest  logging operations  took place after  these  fires because of  the high prices of oil derivatives, 
especially  in  the  upper  part  of  the  basin  near  the  border  area  between  Syria  and  Turkey.  In 

comparison,  the areas with  reduced  soil  erosion are  located  in  small patches  in  the western and 

southwestern regions, where slow slopes and fruit trees dominate. 

From 2013/2014 to 2018/2019, the C factor caused a decrease in the average soil erosion rate by 

50–100% in most parts of the basin. This period was characterized by a humid climate, in addition to 

a ceasefire agreed upon after 2016, which enabled the growth and renewal of vegetation cover. The 

western portion, close to the river mouth, showed no significant change between the two years and 

is characterized by low precipitation, low slope and low fruit tree coverage. 

By comparing 2009/2010  (before war) with 2018/2019  (at  the end of  the war stage),  it can be 

concluded  that the  change  in C  factors  slowed down  the deterioration  trend of  soil  erosion  and 

reduced the average soil erosion rate in more than half of the basin by about 10–75%. 
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(b) 2013/2014–2018/2019 (c) 2009/2010–2018/2019.

The decline in vegetation due to forest fires in 2012, 2013 and 2014 were overall due to the civil
war, during which hundreds of shells and bombs were fired in this area (Figures 5 and 6). In addition,
forest logging operations took place after these fires because of the high prices of oil derivatives,
especially in the upper part of the basin near the border area between Syria and Turkey. In comparison,
the areas with reduced soil erosion are located in small patches in the western and southwestern
regions, where slow slopes and fruit trees dominate.

From 2013/2014 to 2018/2019, the C factor caused a decrease in the average soil erosion rate by
50–100% in most parts of the basin. This period was characterized by a humid climate, in addition
to a ceasefire agreed upon after 2016, which enabled the growth and renewal of vegetation cover.
The western portion, close to the river mouth, showed no significant change between the two years
and is characterized by low precipitation, low slope and low fruit tree coverage.

By comparing 2009/2010 (before war) with 2018/2019 (at the end of the war stage), it can be
concluded that the change in C factors slowed down the deterioration trend of soil erosion and reduced
the average soil erosion rate in more than half of the basin by about 10–75%.
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This area is located relatively far away from the centers of armed conflicts. In contrast, the areas
with increased soil erosion by about 60–400% are situated in the northeast and east, with shorter
distances to armed conflict centers. These findings can be explained by forest fires, after which the
burned forests were turned into agricultural land or refugee camps and road areas.

4. Discussion

Processes of soil erosion and surface degradation have various impacts on the worldwide land use
as well as on land condition. As a result, an increasing number of scientists and policy-makers need
to deal effectively with soil erosion issues and recognize how to mitigate their impact [2]. The most
commonly used soil erosion model, RUSLE, was adopted in the present study. In the most recent
10 years of this study, the average soil erosion of the Northern Al-Kabeer river basin was characterized
as mild (1–10 t ha−1 year−1), which accounted for more than 66% of the total area. This basin is
subject to a mean soil erosion rate of 3.6 t ha−1 year−1. Furthermore, only 10% of the area has a
tolerable soil loss rate, based on the 1 t ha−1 year−1 soil tolerance limit for Mediterranean highlands.
Many authors consider that the limit of 1 t ha−1 year−1 has been set as the acceptable soil loss tolerances
for environmental protection in the Mediterranean area, when considering the balance between soil
formation and erosion [61,64–66]. Mediterranean soils have a low degree of tolerance for soil loss,
which is much lower than soils of the temperate humid zone [64,65].

Overall, the average soil loss rate determined by RUSLE over the entire study region (3.6 t ha−1

year−1) before the war, approaches the under-average soil erosion rate recorded in other studies for
Mediterranean mountain forest areas. In northern Jordan, Alkharabsheh et al. (2013) and Farhan et al.
projected an average soil loss rate of 9 t ha−1 year−1 [37] and 10 t ha−1 year−1 [38], respectively,
whereas Karamesouti et al. (2016) reported an average soil loss rate of 16.9 t ha−1 year−1 in Athens
using the RUSLE model [2]. The average soil loss rate was 7.9 t ha−1 year−1 during the Syrian
civil war. During the period 2013–2014, several fires occurred due to indiscriminate shelling of the
area (Figure 7a,b). The method of cutting trees after forest fires (Figure 7c) began to be used for
heating and cooking in light of the rising oil prices. A large number of residents cultivated the burned
forest land (Figure 8) and planted it with olive trees with the aim to acquire property later. The soil
erosion rate decreased to 2.2 t ha−1 year−1 in 2018/2019, after the ceasefire agreement in 2016 and the
transformation of the watershed into a semi-protected area. These changes allowed the vegetation
cover to regenerate. The regeneration of vegetation in many watershed places has improved the
vegetation cover, as shown in the C Factor map of the current investigation. Mousa et al. (2011) also
found an adequate regeneration of most plant species that were in the protected area of west Syria
before the fire. This regeneration was either by seed or vegetative propagation, which took place two
years after the forest fire. For instance, Pinus brutia Ten., Quercus cerris L. subsp. pseudocerris (Boiss.)
Chalabi, Quercus infectoria Oliv., Phillyrea media L., Pistacia palaestina (Boiss)., Rhus cotinus L. and Laurus
nobilis L. forests/trees were regenerated after the occurrence of the forest fires [67]. Indeed, the majority
of fires occurred in 2012, and we found that most plant species were regenerated, especially in areas that
were exposed to light fires. This regeneration greatly reduced erosion compared to 2014. This indicates
that the forest is able to regenerate within a short period of time if adequate protection from grazing
and logging are put in place, resulting in reduced soil erosion. During the field tour, we found that
that the Pistacia palaestina (Boiss) (Figure 9) and Pistacia atlantica regenerated by vegetative propagation
three weeks after the fire. In addition, the vegetation cover and soil properties disturbances, such as
the aggregate stability and water repellency, are closely linked to the intensity of the fires.
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Most of the basin experienced a significant increase in soil erosion rates during the period of
2013/2014 compared to 2009/2010, with the exception of some fruit tree areas in the direction towards
the mouth of the river. This area is not far from the battlefront and where farmers temporarily leave
their farming operations and property for security purposes [68]. There was an enhancement in the
vegetation cover, owing to the lack of soil tilling, growth of weeds and lack of pruning of fruit trees,
as reflected in the NDVI images of the present investigation.

Although soil erosion decreased in almost the entire study area in 2018/2019, soil erosion remained
high along the Syrian-Turkish border due to forest fires, the establishment of displacement camps, the
construction of roads and the conversion of burned forests into farmland. Many studies (e.g., [69–71])
agreed that a key function for the government is to ensure ownership rights for soil users: lack of
secure land tenure is a major impediment to taking erosion-control steps. For many soil conservation
initiatives, the need for secure land tenure is particularly significant, as many do not have discernible
short-term benefits. Stocking (2003) [71] noted that the greatest harm to the soil occurs where tenure,
for example with migrants and refugees, is most unpredictable. Local knowledge is low in such
conditions and soil mining is important for survival, at least in the short term.

During 2018/2019, vegetation cover increased by approximately 20–50% in the forest area that
burned in 2012 (Figure 5), which led to a decline in soil erosion by about 10–75% (Figure 4). Gyssels et al.
(2005) found sheet and rill erosion to be reduced by 75% in coverings of around 30 to 35%, and 90% in
coverings of around 60% [34]. The rate of soil erosion decreased with an increase in vegetation cover
and root biomass, whereas the soil erosion rate decreased with a rise in vegetation cover and root
biomass. The rate of soil erosion further decreased due to forest cover, roots and litter components
resulting in soil surface defense against raindrop effect, a decrease in flow velocity caused by roughness
and improved infiltration capability [2,10,34,72].

These results reflect the observations made during the field investigation. Areas with extremely
severe erosion (i.e., more than 10 t ha−1 year−1) experienced severe erosion in the field, as demonstrated
by many gullies and low vegetation cover. The soil loss increased with a rise in slope in burned
forests (Figure 10), which has also been recorded [23] for eight different slopes. This indicates that the
cumulative soil loss after rainfall increases with the slope gradient due to precipitation intensities and
is more pronounced due to higher slopes. Such areas have very steep slopes, showing the importance
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of using the slope percentage when examining soil erosion. This is consistent with the relationship
between erosion and the square of the slope [73]. The variations in the erosion chart (Figure 4) are
obviously seen to be identical to those of the LS (Figure 2b) and C factor maps (Figure 3e,f). The areas
were presented in the upper part of the basin. In terms of the spatial patterns in China, Hui et al. (2010)
also found that the LS and C measurements are highly correlated with those of erosion [73].
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Although the forest loss has decreased in the last three years in most of the study area, it is
possible that the forest area will recede again. This recurrence may be due to either renewed battles
or an influx of people coming back to the forested areas after the conflict, resulting in unplanned
development and settlement. Grime (2019) found that at the end of the armed conflicts in Sri Lanka,
Nepal, Peru and the Ivory Coast, on average, there was a 68.08% increase of annual forest loss in the
five years following the end of the conflicts. This average is based on analyses of forest-cover data
gathered with remote-sensing methods, as compared to the worldwide 7.20% mean [40].

It is imperative, in the reconstruction phase, that environmental systems be given great importance
in order to achieve sustainable development. This will require continued research to determine
interdisciplinary dialogue of soil erosion science, as well as development and innovation. This could
be a political will to create mechanisms that would aid the process of regeneration of war-torn areas,
by encouraging the delivery of environmental services. This in turn will minimize the possibility that
the region could become the target of potential socio-economic conflicts.

5. Conclusions

This study aimed to determine the impact of land cover change on soil erosion and its
spatio-temporal variability in the Northern Al-Kabeer watershed over the past 10 years, using the
RUSLE model and GIS. The impact of war on nature in the period of 2012–2014 was significantly
negative, mainly as a result of forest fires, which led to a more than 10-fold increase of erosion in steep
areas. It is observed that soil erosion increases as we move away from the center of the conflict towards
the east and north-east as this region has been exposed to fires, and part of it has been turned into
agricultural lands or refugee camps and roads near the Syrian-Turkish border. On the other hand,
erosion decreases as we move away from the center of armed conflict towards the west, with this region
being covered mostly with fruit trees in addition to some shrubs and forests that were abandoned
because of the vicinity to the center of the armed conflict.

After the cease-fire decision in 2016, nature and wildlife benefited from the armed conflict in
regions where human pressure decreased in contested areas and the area turned into a semi-nature
reserve contaminated with landmines. Despite this improvement, battles may resume again and
negatively affect the rest of the forests. Additionally, human interventions in forests usually increase
with the end of the war, as happened in Sri Lanka and Colombia, owing to the return of the residents
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to their homes and their desire to improve their standard of living through the conversion of forests
to agricultural lands or tourist facilities. It is apparent from the findings that, even though some
inconsistencies and inaccuracies are present, the RUSLE model can be implemented effectively at
the watershed scale with limited data requirements. The results of this study make a significant
contribution to enhancing our understanding of the effect of forest fires and land cover change on
soil erosion, and support the applicability of these models to forecast pre- and post-fire soil erosion
rates. However, further research is required to quantitatively expose soil erosion and its influencing
factors, and to validate the RUSLE model’s success in the field. Analyzed soil loss dynamics can
encourage decision-makers and planners to take appropriate forest and soil conservation priority
actions, thereby reducing Syria’s land loss and land degradation issues as a consequence of high annual
fire rates and armed conflicts.
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Appendix A. Description of RUSLE Model

Rainfall erosivity factor

Arnoldus (1977) proposed a modified version of the Fournier Index (F) to avoid pitfalls related to
the monthly distribution of erosive precipitation over the year. Arnoldus used the F established in
erosion-risk areas in North Africa and the Middle East for regions in the USA and Africa [56]. F is the
summation of squares of monthly rain fall to its annual rainfall. F is calculated as:

F =
12∑

i=1

Pi2

P
(A1)

where pi is the month’s average rainfall (mm) with the maximum rainfall and P is the mean annual
rainfall (mm).

Arnoldus (1977) computed the equation as R = 0.264 × F1.5, which was used to develop an
iso-erodent map for Morocco [74]. Similarly, the regression equations with R and F were obtained by
Renard and Freimund (1994) [75] as:

R = 0.07397× F1.847 (A2)

Soil Erodibility Factor (K)

The Equation (A3) was used to estimate the erodibility of soil, as suggested by [59]:

K = fcsand × fcl−si × forgc × fhisand (A3)

where fcsand is a low soil erodibility factor for soil with coarse sand and a high amount of soil with a
low sand content (Equation (A4)), fcl−si is a factor that provides low soil erodibility with high clay to
silt ratios (Equation (A5)), forgc is a factor that decreases soil erodibility for soil with a high organic
carbon content (Equation (A6)) and fhisand is a factor that decreases soil erosion with an exceptionally
high sand content (Equation (A7)).

fcsand = 0.2 + 0.3× exp
[
−0.256×ms ×

(
1−

msilt
100

)]
(A4)
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fcl−si =

(
msilt

mc + msilt

)0.3

(A5)

forgc = 1−
0.0256× orgC

orgC + exp[3.72− (2.95× orgC)]
(A6)

fhisand = 1−
0.7×

(
1− ms

100

)(
1− ms

100

)
+ exp

[
−5.51 + 22.9×

(
1− ms

100

)] (A7)

where, ms, msilt and mc are the percentage of sand, silt and clay, respectively, and orgC is the organic
carbon content of the layer (%).

Slope Length and Steepness Factors (LS)

The slope length factor (L) is provided by the Desmet and Govers (1996) [60], and is enhanced by
the USLE estimation technique (Equation (A8)):

Li, j

(Ai, j−in + D2)
m+1
−Am+1

i, j−in

Dm+2 × xm
i, jxi, j × 22.13m (A8)

where Li, j is slope length factor for the grid cell with coordinates (i.j); Ai, j−in is the flow accumulation or
contributing area at the inlet of a grid cell with coordinates measured in m2; D is grid cell size (meters);
xi, j is sinai, j + cosai, j; ai, j is the aspect direction of the grid cell with coordinates; m is a function of the
ratio β of the rill to inter-rill erosion. The m varies from 0 to 1 and reaches 0, while the ratio of rill to
inter-rill erosion is similar to 0. The exponent m of the following equation was implemented according
to the algorithm proposed by McCool et al. (1989) [76] (Equation (A9)):

m =
β

1 + β
(A9)

The β value is derived by the Equation (A10):

β =
( sinθ

0.0896

)
/
[
3(sinθ)0.8 + 0.56

]
(A10)

here, θ is the slope angle.
The estimation of the S-factor originally proposed by Wischmeier and Smith (1978) was proposed

by McCool et al. (1987) in the RUSLE model to achieve an improved representation of the slope
steepness factor, taking into account the ratio of rill and inter-rill erosion. McCool et al. (1987) found
that soil erosion occurred more rapidly on slopes with a steepness of more than 9%. Therefore, he used
one algorithm for slopes < 9% and another for slopes > 9% (Equations (A11) and (A12)):

S = 10.8× SINθ− 0.03 where slope gradient < 9% (A11)

S = 16.8× SINθ− 0.5 where slope gradient ≥ 9% (A12)
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