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Objective: This study aims to assess land degradation and desertification risk in 
Lailan Subdistrict by integrating remote sensing indices to identify environmental 
stressors affecting agricultural productivity. Method: Landsat OLI 8 satellite 
imagery and ArcGIS 10.4.1 were employed to analyze three key indicators: the 
Desertification Risk Index (DRI), Normalized Multi-band Drought Index (NMDI), 
and Soil Salinity Index (SI). Results: The total study area of 694.84 km² was 
classified into five desertification risk levels, ranging from low (6.51%) to extreme 
(10.15%). Moderate and severe drought collectively affected over 57% of the area, 
with extreme drought alone covering 39.14%. Soil salinity varied widely, with 
moderate (31.20%) and high salinity (27.45%) dominating the landscape, while 
very high salinity (>30 dS/m) affected 8.65% of the area. Overall, more than 70% 
of the subdistrict was exposed to critical risks driven by combined drought stress, 
salinization, and unsustainable land use. Novelty: By integrating multiple remote 
sensing indices, this research provides a comprehensive spatial assessment of 
desertification risks, offering practical insights for sustainable land management 
strategies, including improved irrigation, salt-tolerant crops, vegetation 
restoration, and long-term monitoring. 
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INTRODUCTION 

Desertification is one of the most pressing global environmental challenges, 

particularly in arid and semi-arid regions characterized by fragile ecosystems and 

vulnerable to both climatic fluctuations and unsustainable human practices. The problem 

has been exacerbated by overgrazing, improper agricultural techniques, population 

pressure, and irrational exploitation of natural resources, in addition to pollution and 

climate change. Iraq is among the countries severely affected by desertification, where 

agricultural lands have increasingly deteriorated in both productivity and area, 

especially after 2003 due to socio-economic disruptions, water scarcity, energy shortages, 

and urban expansion. These factors have contributed to soil degradation, salinization, 

and the transformation of large areas of farmland into desertified or non-agricultural 

land, posing a serious threat to agricultural sustainability and food security [1], [2], [3] . 

Research Problem 

Desertification is one of the most complex environmental issues, with both natural 

and human dimensions, leaving widespread negative impacts on social and economic 

systems, particularly on agricultural activities. Accordingly, the research problem 

revolves around the following questions: 
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1.  What is the reality of desertification in the Al-Nasaf district? What are its main driving 

factors? Can it primarily be attributed to natural causes, human activities, or the 

interaction between the two? 

2. In what forms does desertification manifest in the study area, and to what extent does 

it affect agricultural activities? 

3.  What measures and procedures can be adopted to mitigate desertification? Is it possible 

to rehabilitate degraded lands and restore their agricultural productivity ? 

Research Hypotheses 

A. The study assumes that both natural and human factors jointly contribute significantly 

to the emergence of desertification, with human activities in particular playing a key role 

in aggravating the problem through their interaction with natural conditions. 

B. It is further hypothesized that desertification negatively affects agricultural activities 

in the study area, leading to a reduction in cultivable land and a decline in crop 

productivity . 

Research Significance 

1. Highlighting the severity of desertification on agricultural lands in Laylan sub-district 

and its resulting socio-economic impacts . 

2.Employing Artificial Intelligence (AI) techniques—such as machine learning and 

satellite image processing—for precise detection of changes in vegetation cover and soil 

conditions. 

3.Providing high-resolution quantitative and spatial data to assist decision-makers and 

agricultural planners in designing effective strategies to combat desertification . 

4.Contributing to the sustainability of agricultural resources by proposing scientific and 

technological solutions that enhance land management efficiency . 

5.Enriching environmental geographical studies through the integration of spatial 

analysis and AI as an emerging research direction. 

Research Objectives 

1.  Analyze the extent of desertification in Laylan sub-district and identify the natural and 

human factors driving it. 

2  .Apply AI techniques (e.g., machine learning algorithms and neural networks) to detect 

changes in vegetation cover and soil properties using satellite imagery and field data. 

3.  Accurately estimate the spatial and temporal extent of agricultural lands affected by 

desertification. 

4.Assess the impact of desertification on agricultural production and crop yields in 

Laylan sub-district. 

5.Provide AI-driven recommendations and solutions to mitigate desertification and 

promote agricultural land sustainability. 

Study Area Boundaries 

The study area is geographically located between longitudes ( 44 °19′ – 44 °48  ′ E) and 

latitudes ( 35 °15′ – 35 °31  ′ N), as shown in Map (1), covering an area of 671.5  km². 

Administratively, it belongs to Kirkuk Governorate. It is bounded to the north and 

northwest by the Jambur Plateau, to the east by the Qader Karam region, to the south by 
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the Jambur Hills and Taza sub-district, and to the west by the boundaries of Kirkuk city 

center, as illustrated in the study area map [4]. 
 

 
 

Map 1. The location of the study area. 

Source: Prepared by the researcher based on the Ministry of Water Resources, General 

Commission for Survey, Administrative Map of Iraq at a scale of 1:1,000,000 (2023), 

using ArcGIS 10.4.1. . 

 

RESEARCH METHOD 

The study adopted the descriptive–analytical approach to examine the impact of 

desertification on agricultural lands in Laylan Subdistrict, relying on both field and 

remote sensing data. Landsat satellite imagery for the period 2005–2024 was processed 

and corrected, in addition to climatic data (precipitation, temperature, humidity) and 

official agricultural statistics . 

Geographic Information Systems (GIS) and remote sensing techniques were 

employed to extract environmental indicators such as the Normalized Difference 

Vegetation Index (NDVI) as well as drought and salinity indices 
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RESULTS AND DISCUSSION 

Results 
Axis Two: 

Normalized Difference Vegetation Index (NDVI( 

This index is used in land degradation studies as an indicator of vegetation 

density. It relies on the differential interaction of chlorophyll within plants with 

electromagnetic radiation. NDVI is widely applied in drought monitoring, agricultural 

productivity assessment and prediction, and in forecasting areas prone to fire hazards 

[5] . 

To calculate NDVI, remote sensing data must include a band covering the red. 

region of the electromagnetic spectrum and another covering the near-infrared (NIR) 

region. Most vegetation indices involve more than one spectral band, but are limited to 

specific spectral ranges in the visible and near-infrared spectrum, as these bands capture 

nearly 90 % of vegetation-related information [6], [7] . 

NDVI represents the difference between the near-infrared band (0.85– 0.88  μm) 

and the red band (0.64– 0.67  μm), divided by their sum, producing values ranging 

between – 1  and +1. Positive values close to + 1  indicate dense vegetation (appearing in 

light white tones), while values near– 1  indicate non-vegetated surface features. The 

NDVI is calculated using the following formula [8], [9]: 

NDVI = (NIR.BAND 5  - RED.BAND4)}{(NIR.BAND 5  + RED.BAND4) (Landsat 8  

OLI) . Based on Map (2), Table (1), and Figure (1), the NDVI values in the study area for 

the year 2024 were classified into four categories: 

Dense Vegetation Cover: This class includes lands with dense vegetation, covering 

an area of 17.93  km² ( 2.58% ) of the total area. It is mostly concentrated near water sources . 

Map 2. NDVI classes for the study area in 2024 
Source: Prepared by the researcher based on Landsat 8 OLI imagery, processed using 

ArcMap 10.4.1, dated 25/9/2024. 
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Table 1. Area and percentage of vegetation cover in the study area, 2024. 

Percentage (%) Area (km²) Class 

2.58 17.93 Dense Vegetation 
8.68 60.32 Moderate Vegetation 
88.63 615.81 Sparse Vegetation 
0.11 0.78 Very Sparse Vegetation 

100% 694.84 Total 

   Source: Prepared by the researcher based on Map 2. 
 

    
Figure 1. Area and percentage of vegetation cover in the study area, 2024. 

Source: Prepared by the researcher based on Table 1. 

 

Moderate Vegetation Cover: Lands with moderate vegetation density, covering 60.32 km² 

(8.68%) of the total area. 

Sparse Vegetation Cover: Areas with scattered or rarely existing vegetation, covering 

615.81 km² (88.63%) of the total area. 

Very Sparse Vegetation Cover: Includes water-covered areas, with an extent of 0.78 km² 

(0.11%) of the total area. 

Land Degradation Index (LDI ( 

This index is considered one of the key tools for detecting degradation risks by 

measuring the degree of soil deterioration. Such degradation is typically manifested in 

the gradual decline of soil fertility, which consequently leads to a reduction in crop 

productivity. Undoubtedly, prevailing climatic factors play a crucial role in this 

phenomenon, particularly since the study area falls within arid and semi-arid regions. 

The decline in soil fertility results in the shrinkage of vegetation cover and the expansion 

of barren soils, thereby increasing the likelihood of soil exposure to erosion processes 

caused by both water and wind . 

As illustrated in Map (3) and Table (2), the lands exposed to degradation and the 

method of identifying degradation risks are clearly demonstrated. According to this 

index, the study area was classified into five categories as follows: 
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𝐿𝐷𝐼 = 1 ÷ ((255 − 𝐵𝐴𝑁𝐷.𝐵𝐿𝑈𝐸2 + 𝐵𝐴𝑁𝐷. 𝐺𝑅𝐸𝐸𝑁3) ÷ ((255

+ (𝐵𝐴𝑁𝐷. 𝐵𝐿𝑈𝐸2 + 𝐵𝐴𝑁𝐷. 𝐺𝑅𝐸𝐸𝑁3)) 

Non-degraded lands : 

This category is distributed along the riverbank soils, as shown in Table (1). The 

total area of this class reached 18.91  km², representing 2.72%  of the total area of the study 

region . 

 

 
Map 3. Land Degradation Index (LDI) for the Study Area 2024 

Source: Prepared by the researcher based on satellite imagery (Landsat 8  OLI) and 
outputs from ArcMap 10.4.1, dated 25/09/2024.  
 

Table 2. Area (km²) according to the Land Degradation Index (LDI) for the year 2024 .  
Salinity index  ( LDI ) Area (km²) Percentage (%) 

Non-degraded lands 18.91 2.72% 
Slightly degraded lands 86.42 12.44% 

Moderately degraded lands 179.53 25.84% 
Severely degraded lands 243.33 35.02% 
Very severely degraded 

lands 
166.65 23.98% 

Total 694.84 100% 

Source: Prepared by the researcher based on map 3. 
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Figure 2. Area (km²) according to the Land Degradation Index (LDI) for the year 2024 .  

Source: Prepared by the researcher based on the data from Table (3). 

 

Slightly Degraded Lands: This category is concentrated in some riverbank soils 

and their alluvial clay basins. As shown in Table (2), this class covers an area of 86.42 km², 

representing 12.44% of the total study area. 

Moderately Degraded Lands: This level appears in scattered locations within clay-

filled river basins, particularly in soils of poor quality. According to Table (2), the area of 

this class reached 179.53 km², equivalent to 25.84% of the total area. 

Highly Degraded Lands: This level is represented by dry soils in some clay-filled river 

basins with poor-quality soils, as well as sandy dune soils. As indicated in Table (2), this 

class covers 243.33 km², accounting for 35.02% of the total area. 

Very Highly Degraded Lands: These lands are found in dry areas lacking 

vegetation cover and exposed to wind and water erosion. Table (2) shows that this class 

occupies 166.65 km², representing 23.98% of the total area. 

Normalized Multi-band Drought Index (NMDI): 

This index considers soil moisture background to monitor potential drought 

conditions. Three specific ranges were selected due to their unique response to changes 

in soil moisture and vegetation cover. The index uses the difference in water absorption 

in the shortwave infrared region (1640 and 2130 nm) as a measure of water sensitivity in 

vegetation and soil. It is also commonly used for forest fire detection. 

As soil moisture increases, the index values decrease. The index ranges are: 0.7 to 1 for 

dry soils, 0.6 to 0.7 for moderately moist soils, less than 0.6 for wet soils. 

1. Non-Drought Lands: This class is concentrated in riverbank soils and soils with 

very high moisture and dense vegetation, especially in the northwestern parts of 

the study area. Based on Map (4), Table (3), and Figure (3), this class ranks fourth 

with an area of 12.9 km², representing 1.86% of the total study area. 

2. Slightly Drought-Affected Lands: This level occurs in some riverbank soils and 

alluvial clay basins, characterized by high moisture and dense vegetation, 
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particularly in the central and southern parts of the study area. According to Table 

(3) and Map (3), this class covers 12.51 km², equivalent to 1.80% of the total area. 

 

 
Map 4. Normalized Multi-band Drought Index (NMDI) for the study area. 

Source: Prepared by the researcher based on satellite imagery from the American satellite 
(Landsat OLI 8) dated 25/09/2024, using ArcGIS 10.4.1. 
 
Table 3. Areas according to the Normalized Multi-band Drought Index (NMDI) for the 

study area. 

T Drought Classes Area (km²) Percentage (%) 

1 
Extremely drought-affected 

lands 
271.96 39.14 

2 Severely drought-affected lands 339.34 48.84 

3 
Moderately drought-affected 

lands 
58.13 8.37 

4 Slight drought lands 12.51 1.80 
5 Drought-free lands 12.9 1.86 

Total 694.84 100% 

    Source: Prepared by the researcher based on Figure (4). 
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Figure 3. Areas according to the Normalized Multi-band Drought Index (NMDI) for the 

study area. 

 

Source: Prepared by the researcher based on Table (5). 

Moderately Drought-Affected Lands: This class occurs in scattered locations 

within clay-filled river basins, particularly in poor-quality soils, characterized by 

medium soil moisture and vegetation density. Based on Table (3) and Figure (3), the area 

of this class reached 58.13 km², representing 8.37% of the total area. 

Severely Drought-Affected Lands: This level is concentrated in dry soils of some 

clay-filled river basins and sandy dune soils. According to Table (3) and Figure (3), this 

class covers 339.34 km², accounting for 48.84% of the total study area. 

Extremely Drought-Affected Lands: These lands are found in dry areas lacking 

vegetation cover. Table (3) and Figure (3) indicate that this class occupies 271.96 km², 

equivalent to 39.14% of the study area. 

Variations in drought levels are associated with several climatic and natural 

factors, most notably increased solar incidence angle, longer daylight hours, and higher 

incoming radiation exceeding outgoing radiation, which leads to significant heat 

accumulation coinciding with reduced soil moisture during the hot season. Additionally, 

the presence of Lake Tharthar as an important water source helps mitigate drought 

severity, particularly in agricultural lands along riverbanks, where drought appears 

slight or nearly absent in upstream areas. Moreover, lower soil moisture during the hot 

season increases evaporation rates and water consumption by crops, reducing relative 

humidity. High drought values further enhance evaporation, contributing to soil 

salinization through surface water evaporation or upward capillary movement of saline 

groundwater. 

Soil Salinity Index (SI): 

Salinity is one of the main phenomena associated with desertification and a key 

limiting factor for agricultural production, potentially rendering soils unfit for 

cultivation. Accumulation of soluble salts and conversion of soils into saline and saline-
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alkaline types cause severe problems for plant growth. The issue of salinity dates back to 

before 2400 BCE, linked directly to irrigation practices that led to soil degradation, 

depletion, and ecological changes. Salinity can destroy agricultural and rangeland areas, 

transforming them into unproductive desertified lands. 

Globally, salinity affects approximately 950 million hectares, with some estimates 

indicating a loss of three hectares of agricultural land per minute due to salinization. The 

2008 Global Desertification Map showed that about 8 million km² are at risk of salinity 

without proper mitigation measures. In Iraq, roughly 8.5 million hectares (34 million 

donums out of 11.5 million hectares, or 46 million donums, of arable land) are affected 

by salinity, representing 74% of total arable land. 

Based on the Soil Salinity Index (SI) for Lailan Subdistrict, a quantitative 

representation using area and color was applied to highlight spatial and temporal 

variations of affected lands. The analysis relied on satellite imagery, revealing significant 

changes in salinity due to natural factors and human activities. Salinized lands in Lailan 

were classified into five categories, as shown in Map (5). 

Very Low Salinity Lands: 

This class represents soils with salinity below 4 dS/m, found in some riverbank 

soils, sandy dunes, and sandy soils. Low salinity is attributed to coarse soil texture with 

good drainage and higher relative elevation compared to surrounding lands, which 

reduces water retention. According to Table (4) and Figure (2), this class covers 56.29 km², 

representing 8.10% of the total area of Lailan. 

 
Map 5. Soil salinity patterns according to the SI index in Lailan Subdistrict for 

the year 2024. 

Source: Prepared by the researcher based on the Soil Salinity Index (SI) from Landsat 8 
OLI satellite imagery, dated 25/09/2024, using ArcGIS 10.4.1. 
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Table 4. Salinity levels (SI), areas (km²), and percentages (%) for Lailan Subdistrict. 

Salinity Levels Area (km²) Percentage (%) 

low salinity soils Very 56.29 8.10 
Low salinity soils 170.91 24.60 

Moderate salinity soils 216.8 31.20 
High salinity soils 190.71 27.45 

Very high salinity soils 60.13 8.65 
Total 694.84 100% 

Source: Prepared by the researcher based on Map (4). 
 

 

Figure 4. Salinity levels (SI), areas (km²), and percentages (%) for Lailan Subdistrict. 
Source: Prepared by the researcher based on the data from Table (4). 

 

Table 5. Classification according to soil salinity levels based on electrical conductivity 

(dS/m) of the surface soil paste. 

Soil Salinity (E.C) (dS/m) Soil Class 
Less than 4 Very Low Salinity 

4 – 8 Low Salinity             
8 – 15 Moderate Salinity        

30- 15   High Salinity            
30 More than Very High Salinity       

FAO UNESCO Irrigation Drainage , Salinity , An international source , Book London 

Hutchin son , aeko , 1973 , p. 75 . 
 

Low Salinity Lands: Salinity ranges between 4–8 dS/m. These soils are found in 

some riverbanks, sandy dunes, and clay-filled basins, and are characterized by good 
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drainage. Their area is approximately 170.91 km², representing 24.60% of the total area of 

Lailan Subdistrict. 

Moderately Saline Lands: Salinity ranges between 8–15 dS/m. These soils are 

spread across some riverbanks and poor-quality clay-filled basins, with moderate 

drainage. Continuous agricultural use gradually increases their salinity. Their area is 

about 216.8 km², accounting for 31.20%. 

Highly Saline Lands: Salinity ranges between 15–30 dS/m. These lands occur in 

poor basins and clay-filled marshlands, where poor drainage, shallow saline 

groundwater, and high evaporation contribute to salt accumulation. Their area is 

approximately 190.71 km², representing 27.45%. 

Very Highly Saline Lands: Salinity exceeds 30 dS/m. These lands are found in 

some irrigation channels and clay-filled marshes that have been drained and transformed 

into salt flats. Their area is about 60.13 km², representing 8.65%. 

It is evident that the lands of Lailan Subdistrict are affected by salinization to 

varying degrees, mainly due to continuous agricultural use, uncontrolled irrigation, 

excessive irrigation relative to crop needs, high temperatures, and intense evaporation. 

Draining marshlands has expanded saline land areas, while some lands with low to 

moderate salinity have increased due to agricultural reclamation projects aimed at 

boosting local production. 

Desertification Risk Index (DRI): 

The Desertification Risk Index (DRI) is a key analytical tool designed to estimate 

the susceptibility of lands to desertification. It integrates both natural and human factors 

to provide a comprehensive view of the environmental condition. DRI does not only 

measure current desertification but also indicates the potential for future land 

degradation under prevailing climatic conditions and human activities. 

The index analyzes key elements such as climate (rainfall amount and distribution, 

temperatures, drought index), soil properties (salinity, fertility, erosion susceptibility), 

water resources (groundwater depth, irrigation and drainage efficiency), vegetation 

cover (density and diversity), and human activities (overgrazing, agricultural and urban 

expansion, unsustainable resource use). Relative weights are assigned to these factors 

according to their importance and then combined mathematically to produce a composite 

value representing the level of risk. 

Results are classified from low-risk areas, which are environmentally stable, to 

high-to-very-high-risk areas, which exhibit clear signs of degradation and require urgent 

intervention. Thus, DRI serves as an effective decision-making tool for land management, 

agricultural planning, and desertification mitigation strategies, commonly implemented 

within Geographic Information Systems (GIS) to map spatial distribution of land 

susceptibility. 

The index is applied using the following equation: 

Desertification Risk Index (DRI) = 0.10ST + 0.12SM + 0.18NDVI + 0.18SPI + 0.06ER + 

0.10LU + 0.08GW + 0.18SI 
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Figure 4. Model framework for layers of the Desertification Risk Index (DRI). 

Source: Prepared by the researcher using ArcGIS 10.4.1. 

Map 6. Desertification Risk Index (DRI) for the study area. 

Source: Prepared by the researcher based on Maps (2), (3), (4), and (5), using ArcGIS 

10.4.1. 
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Table 6. Desertification Risk Index (DRI) for the study area. 

Class Level Area (km²) Percentage (%) 

Low <0.25 45.25 6.51 

Slight 0.40 - 0.25 165.53 23.82 

Moderate 0.60 - 0.40 210.35 30.27 

Severe 0.75 - 0.60 203.21 29.25 

Extreme 0.75 < 70.5 10.15 
Total 694.84 100% 

 

Kosmas, C., Kirkby, M., & Geeson, N. (Eds.). (1999). The MEDALUS project: 

Mediterranean desertification and land use. Manual on key indicators of desertification 

and mapping environmentally sensitive areas to desertification. European Commission, 

DGXII, Science, Research and Development, EUR 18882. . 

 

Discussion 

The results of applying the Desertification Risk Index (DRI) in Lailan Subdistrict 

indicate a clear variation in the severity of desertification across the studied areas. The 

total area is 694.84 km², distributed into five main classes. The low-risk class (<0.25) 

occupies the smallest area, 45.25 km², representing 6.51% of the total area, reflecting the 

limited extent of relatively intact lands. The slight-risk class (0.25–0.40) covers 165.53 km², 

or 23.82%, representing areas that are still amenable to reclamation if resource 

management is maintained sustainably [10], [11]. 

The moderate-risk class (0.40–0.60) leads all classes, covering 210.35 km² (30.27%), 

indicating that nearly one-third of the subdistrict faces real threats, including declining 

soil fertility and productivity. Similarly, the severe-risk class (0.60–0.75) covers 203.21 

km² (29.25%), reflecting the progression of large areas toward advanced degradation 

levels. The extreme-risk class (>0.75) occupies 70.5 km² (10.15%), representing lands that 

are nearly unsuitable for agricultural use due to soil degradation and loss of vegetation 

cover [12], [13]. 

Spatial representation of these results shows that moderate and severe 

desertification areas are widely distributed in the central and southeastern parts of 

Lailan, while extreme-risk areas are concentrated mainly in the eastern and southern 

regions, where drought prevails and unsustainable agricultural practices dominate. Low 

and slight-risk areas are limited and mainly associated with irrigated lands and intensive 

farming zones [14], [15]. 

The DRI results reveal that over 70% of Lailan Subdistrict falls within critical 

desertification categories (moderate, severe, extreme), highlighting the environmental 

and agricultural risks and emphasizing the urgent need for mitigation programs. 

Recommended measures include improving water resource management, implementing 

rainwater harvesting techniques, regulating grazing, and cultivating drought-resistant 

crops. 
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CONCLUSION 

Fundamental Finding : This study confirms that desertification in Lailan 

Subdistrict is a severe environmental challenge, with over 70% of the area falling into 

moderate to extreme risk classes due to combined pressures of drought, soil salinity, and 

unsustainable land use. Implication : These findings highlight the urgent need for 

integrated land management strategies, including efficient water resource utilization, 

cultivation of drought- and salt-tolerant crops, vegetation restoration, and the adoption 

of conservation-oriented agricultural practices to safeguard food security and sustain 

agricultural productivity. Limitation : The analysis relies primarily on remote sensing 

indices and GIS-based interpretation, which, while effective for large-scale monitoring, 

may overlook fine-scale socio-economic and soil management dynamics that influence 

land degradation. Future Research : Further studies should incorporate field-based 

validation, socio-economic assessments, and advanced artificial intelligence models to 

improve predictive accuracy, evaluate policy effectiveness, and develop adaptive 

frameworks that ensure resilience against desertification in both local and regional 

contexts. 
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