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Abstract 
Since 2011, Syria has suffered from one of the longest armed conflicts in the world which have presented significant 
consequences including the changes within the spatial patterns of the environment including the land cover. This 
research used the remote sensing data and geospatial techniques to study the land cover changes in Al-Salamiyah 
District using Landsat images at the end of the dry season in three selective years:1989, 2004 and 2019. The results 
show that the actually cultivated lands were decreasing from 115 thousand hectares in 1989 to 97 thousand hectares in 
2019 and the rate of change is higher in the period (2004-2019) which includes 9 years of the Syrian conflict 
comparing with the first one. The results shed the light on the current situation of the land cover and raising questions 
on the environment-related challenges resulted from the Syrian conflict and the urgent need to maintain and preserve 
the productive agricultural lands in this region. 
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INTRODUCTION 

Land-cover change has numerous ecological, physical, and socioeconomic consequences (Pellikka et al., 2013) and the 
biophysical and human forcing factors that result in changes in land cover and land use are manifested through different 
phenomena (Gutman et al., 2004). Warfare and armed conflict can impact land systems in major ways, but these effects 
are diverse and not unidirectional (Baumann et al., 2016). 

The Syrian conflict is ongoing for 10 years and despite this overwhelmingly devastating crisis, the state of the 
environment is often left out of the discussion (Creighton, 2017), and since the outbreak of the crises in 2011 the 
environment was one of the biggest parts to be affected. 

Most of the cultivable lands turned to be inaccessible because of the armed conflict and some of the cities received a 
massive number of people which were internally displaced, over-cutting of forest trees which turned to be used as fuel 
for heating in winter (Hammad et al., 2018)  and taking into consideration that Syria has also been exposed to one of the 
worst long-term droughts waves which also put pressure on local resources which were already vulnerable. 

Providing an initial mapping of ongoing land use and land cover changing before and during the conflict which will 
help in better understanding the changing mechanisms of the land-cover and land use in Syria based on natural and 
human-made changes. 

Study area 

The study area is represented by the administrative boundaries of Al-Salamiyah District, which is part of Hama 
Governorate (Fig. 1). Al-Salamiyah District contains the main city and 202 villages with a total population of 351,437 
(Civil Registration Office, 2011). It covers more than 5,000 sq km which makes up 60% of total Hama governorate area 
and it is located within two climatic zones (arid and semi-arid) (Mousa and Harba, 1985). 
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Figure 1. The location of the study area in Syria 

 

The elevation is ranging from 300m to 1195m (Fig. 2). One of the distinguished mountain there is (Jabal Al –Bala’as, 
1017m) and this area is considered as one of legislated protected areas in Syria (12000 hectares for Pistacia Atlantica 
plant) (GEF, 2002). 

The majority of the district’s arable land base is rain-fed agriculture, but a small amount (8%) utilises limited 
groundwater for its irrigation needs and close to half of the arable land base in Al-Salamiyah district is barren steppe 
land (Kassam et al., 2011). 
 
(Fig. 2) also shows the equal rainfall lines map compiled based on 19 recorded rainfall stations for 2005-2006 rainfall 
year (from September 2005 to August 2006) (AKF,2017) and which through we can have a general idea on the main 
locations of rain-fed agriculture (Western parts of the district). 

  
Figure 2. The equal rainfall lines map(on the left) and the elevation map of the Al-Salamiyah district 
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METHODOLOGY 

The remote sensing data and different GIS and cartographic techniques are the used tools in this research and we choose 
two different periods (1989-2004) and the second is (2004-2019) including the Syrian conflict which has started in 2011 
and the detection month is August to have a better view of the surface with a clear sky and as summer progresses and 
most of the landscape dries out, different classes can be better distinguished. 

The satellite images used in this study are Landsat-5 TM images for the year 1989 and 2004 and Landsat8 OLI/TIRS 
images for the year 2019 (USGS,2020) as described in (Table 1), radiometric corrections were applied and we used 
supervised classification method (maximum likelihood) to classify the images. 

Table 1. The Landsat images used in this study 

Image Acquisition Date Sensor Bands Resolution 

August 1989 Landsat 5 TM 1,2,3,4,5 30m 

August 2004 Landsat 5 TM 1,2,3,4,5 30m 

August 2019 Landsat8 OLI/TIRS 1,2,3,4,5 30m 

In order to better understanding the land cover within the study area we used different approaches including the 
geological map of Syria and ICARDA (International Center for Agricultural Research In the Dry Areas) land use 
classification for Syria base year 1989 (ICARDA, 2004) and we had the corresponding map which shows the main 
surface features (Fig. 3). Irrigated lands were indicated during the classification process using the false-color composite 
of the satellite images. 

 

Figure 3. 1989 satellite image in  false color (on the left) and the correspond map showing main surface components  

The images were classified into six different classes and the accuracy assessment was done to the classification images 
by comparing 180 sample points to ICARDA maps, historical and highly resolution google earth imageries for the same 
detection time. 
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RESULTS 

The three classification images for the years 1989, 2004, and 2019 are shown in (Fig. 4). The land cover maps show that 
both barren and pastures lands are the dominant types of land cover within Al-Salamiyah district in the studied period 
and the area of the actual planted lands (rain-fed and irrigated lands) were decreasing during the mentioned time. 

  

Figure 4. Land cover maps for 1989, 2004 and 2019 and the total area for each class 

The results show that the rain-fed agriculture has decreased from almost 104 thousand hectares in 1989 to almost 90 
thousand hectares in 2019 with a total loss of 14 thousand hectares in 30 years (62% of the total decline occurred 
between 2004 and 2019) (Table 2). 

Similarly the total area covered with irrigated agriculture has decreased from almost 11 thousand hectares in 1989 to 
almost 6,500 thousand hectares in 2019 with a total loss of 4,500 hectares in 30 years (51% of the total decline occurred 
between 2004 and 2019). 

The water bodies class which is mainly water reservoirs created by small dams and covers 16 hectares in 1989 and 
reaches 10 hectares area in 2019. 

The urbanized areas which are represented in the classification images by the main city of Al-Salamiyah get increased 
by time from 657 hectares in 1989  to 858 hectares in 2019. 

Although in most of the places it was hard to separate meadows and pastures class from barren surface class because of 
most of the study area in summer covered with low-density rangeland, what can be important to find here that the area 
which is covered with meadows and pastures get increased in the second period 2011 -2019 and this is a general trend 
in Syria regarding the meadows and pastures class which it tended to increase in through 1968 and reach 8,188 
thousand hectares in 2017 (knoema, 2020). 
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Table 2. Land cover change statistics (in hectare) 

Class 1989 2004 2004-1989 
change 2019 2019-2004 

change 

Rain-fed 
agriculture 104578 99268 -5310 90580 -8688 

Irrigated 
agriculture 11175 8920 -2255 6615 -2305 

Water bodies 16 14 -2 10 -4 

Meadows and 
pastures 140974 130791 -10183 159226 28435 

Bare lands 361618 379217 17599 361675 -17542 

Urbanized areas 657 806 149 858 52 

 

According to the classification results both rain-fed and irrigated lands make up less than 25% of the total land cover in 
the study area (Table 3).  

Table 3. The percentage of the actually planted lands in this study area 

Class 1989 2004 2019 

Rain-fed lands %17 %16 %15 

Irrigated lands %2 %1 %1 

Other classes %81 %83 %84 

 

Almost similar results can be found if we compare the classification results to governmental agricultural statistics for 
Al-Salamiyah district which shown in (Fig. 5), the figure also indicates the general land use percentage of Hama 
governorate as well (Central Bureau of Statistics,2009). 

 

Figure 5. Actually planted lands percentage according to governmental statistics 
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To assess the accuracy of the classification images we generated random 180 random points (60 points for each 
classification image and 10 points for each class) and the overall accuracy of the three land cover maps 1989 ,2004 and 
2019 equal 85%, 81.6% and 90% (Table 4). 

Table 4. Accuracy assessment-error matrix for the three classified images 

Class Name 1989 1 2 3 4 5 6 Total 
(user) 2004 1 2 3 4 5 6 Total 

(user) 2019 1 2 3 4 5 6 Total 
(user) 

Rain-fed lands 1 6 0 0 4 0 0 10 1 9 0 0 1 0 0 10 1 9 0 0 1 0 0 10 
Irrigated lands 2 0 7 0 3 0 0 10 2 3 6 1 0 0 0 10 2 0 8 1 1 0 0 10 
Water bodies 3 0 0 10 0 0 0 10 3 0 0 10 0 0 0 10 3 0 0 10 0 0 0 10 

Meadows & pastures 4 0 0 0 9 1 0 10 4 1 0 0 7 2 0 10 4 0 0 0 8 2 0 10 
Bare lands 5 0 0 0 0 10 0 10 5 0 0 0 1 9 0 10 5 0 0 0 1 9 0 10 

Urbanized areas 6 0 0 0 0 1 9 10 6 0 0 0 0 2 8 10 6 0 0 0 0 0 10 10 

 Total 
(producer) 6 7 10 16 12 9 60 Total 

(producer) 13 6 11 9 13 8 60 Total 
(producer) 9 8 11 11 11 10 60 

 

DISCUSSION 

The rate of change in both rain-fed and irrigated lands (the actually planted lands) are higher in the period from 2004 to 
2019 than the rate of change in the first period (1989-2004) (Fig. 6). 

 
Figure 6. The areas that have changed to medows and barren surface classes 

 

The higher transformation pattern is to meadow and pastures class with 16.59% of the change in the first period and 
26.47% in the second period (armed conflict period) and similarly the rate of change to bare lands class which was  
6.35% and increased to 14.03% in the conflict time (Table 5). 

 

Table 5. Actually Planted Lands change percentage within the study area 

Patterns of change from Actually Planted Lands 
(Rain-fed & Irrigated lands) to other classes 

% of the total area of the 
(Actually Planted Lands) class  

(1989-2004) 

% of the total area of the 
(Actually Planted Lands) class   

(2004-2019) 
Actually Planted Lands to water bodies 0 0 

Actually Planted Lands to meadows and pastures 16.59 26.47 
Actually Planted Lands to Bare lands 6.35 14.03 

Actually Planted Lands to Urbanized areas 0.3 0.34 
No change 76.73 59.12 
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The general decrease of the actual planted lands within the study area in the two periods can be explained in term of 
climate conditions, as this area has suffered from the drought waves for a long time but the higher rate of change 
between 2004 and 2019 can be linked to the direct and indirect effects of the armed conflict in Syria. 

Most of the cultivated lands in the study area turned to be inaccessible during the conflict because of security reasons 
and the kidnapping cause total halt of daily movement for normal people and during the conflict, this area became a 
crossing point between the north and the south which made the armed groups always attempts to have control over it. 

The lack of energy and water resources were the main challenges, trees turned to be firewood (fuel for heating in 
winter), and this area also received a huge number of internally displaced people who were forced to flee their homes 
due to the current conflict. 

Between the period of 2017-2020, Al-Salamiyah district and according to the international humanitarian agencies 
(ACLED, 2020) recorded 2224 violent events (explosions/remote violence, battles and violence against civilians), 88 % 
of these events occurred in the year 2017 alone (Fig. 7) is showing the recorded locations where the violent events took 
place and we can see that the approaching 2020 the security situation turned to be better than before (the map of 2020 in 
(Fig. 7) is showing the recorded events till April 2020). 

 
Figure 7. Recorded locations where the violent events within Al-Salamiyah district 

In 2019, Al-Salamiyah district has witnessed huge fires that broke up in the agricultural lands and engulfed the crops in 
the flames, over 200 fires broke out and thousands of dunums of agricultural lands in this area get burnt (Asharq 
Alawsat, 2019). 

Another aspect of the negative effects of human actions on land use in the study area is the decision of growing the 
wrong crops which not suitable for dryland agriculture. 

The irrigated farmland had an area of 40,000 hectares in 1960 (Kassam et al., 2011). but then 77% of the irrigated area 
were lost and the greatest declines occurred due to a previous legacy of a national cotton policy (water-intensive crop 
production) which had unforeseen consequences. In conjunction with increased frequency of drought and groundwater 
had been dwindling (of the approximate 5,000 groundwater wells identified in 2003, almost 3,500 were dry) (AKDN, 
2020). 

The classification results show that the irrigated lands continue to decline and if we have a look on the changes within 
the actual planted areas (from irrigated agricultural to rain-fed) we found that 30.32% of the total area of the irrigated 
lands changed to rain-fed in the period from 1989 to 2004 and 32.73% from 2011 to 2019 (changes within the actually 
planted lands). 

One of the main suggetsed solutions to preserve agriculture in this area is to drag water from the Euphrates river to Al-
Salamiyah district, unfortunately these plans never saw the light of day. 
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CONCLUSION 

This study used Remote Sensing data (Landsat images) and geospatial techniques to assess 30 years of land cover 
changes in a Al-Salamiyah district in Syria and compare two different periods, the first is from 1989 to 2004 and the 
second between from 2004 to 2019 (included the effect of the Syrian crises).  

The results show that both areas of rain-fed and irrigated lands get decreased by time and the rate of decrease was 
higher in the second period than the first one.  

Many factors contributed in the mentioned decrease which can be linked to the direct and indirect effects of the Syrian 
conflict as the results show that the higher decrease of the actually planted lands happened during the 2004-2019 period 
which not only reflects the climate conditions of the study area, but also the long term violent events in this area 
representing mainly by security threats, abandoned farmlands, burned agricultural lands (intentionally and accidentally) 
, lack of water and energy resources, poverty and poor agriculture and natural resource management in the study area. 

The results also raise questions regarding the urgent need to revive agriculture especially in the abandoned farmlands 
and the need to move toward an agricultural system in this area which is more environmentally, economically, and 
socially sustainable once Syria starts approaching post-conflict reconstruction phase. 
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