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Abstract

Desertification is the deterioration of land brought on by human activity, climate
change, and a loss of vegetation cover and biodiversity. This paper assesses the
agricultural drought and desertification levels of Khanagin district in Diyala
province, Irag, using Sentinel-2 images with a high resolution of 10 m between July
22, 2016, and July 22, 2022. The Modified Soil-Adjusted Vegetation Index
(MSAVI2), Topsoil Grain Size Index (TGSI), and Salinity Index (SI) derived from
Sentinel-2 satellite images were used for this aim. The result showed that the area
covered by low desertification intensity increased from (12.05%-9.41%) for the
years (2016-2022). The area covered by high desertification intensity increased from
(32.49-36.44% for the years (2016-2022), indicating an accelerated desertification
process. Finally, the area covered by high desertification intensity increased from
12.34%-21.23% for years (2016-2022). Natural climate variability and human
activities, such as land use, overgrazing, deforestation, and unsustainable farming
practices, cause agricultural drought and desertification.
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1. Introduction

Desertification is a term used to describe the degradation of land brought on by human
activity and climate change in arid, semi-arid, and dry sub-humid regions[1]. The
phenomenon of desertification is among the most important contemporary environmental
problems, as the continued depletion of vegetation cover leads to an increase in the
deterioration of agricultural lands and their productivity. It is necessary to distinguish between
desiccation (long-term drought) and desertification. The term drought is used to refer to an
inter-annual fluctuation in precipitation in which there is a relative lack of rainfall for a period
of one to four years, whereas desertification is used to denote a protracted drought that has
continued for a decade or more and may be considered a kind of climate change[2]. Drought
reduces the number and condition of vegetation and soil cover and thus increases soil erosion.
Desertification has a much more profound impact, and deserted soils are highly susceptible to
wind and erosion and thus lose a large part of their depth and capacity to store water and
nutrients[3].

Irag is experiencing a water shortage due to low rainfall, ineffective water resources
management, and decreased water flow into the Tigris and Euphrates rivers from upstream
nations[4]. Due to these conditions, some phenomena are born, including desertification.
Together, these factors have resulted in a decline in the quality and volume of natural
vegetation in Irag, the removal of topsoil, and a decline in the productivity of the land and
food production[5].

Remote sensing has shown to be a reliable method of identifying soil changes, natural
flora, land usage, and desertification. Using satellite imagery is highly effective for observing
alterations to the earth's surface and its coverage[6]. Satellite data multi-temporal coverage[7]
uses pictures to track changes in land use and coverage over time, which can be used to fight
desertification and lessen its effects in arid and semiarid regions[8]. Vegetation is one of the
most critical facets for decreasing drought impacts and determining the severity of
desertification[9]. Many agricultural drought and desertification intensity monitoring methods
have been proposed and developed. Data and indices obtained from various sensors or
satellites, such as the Sentinel-2 imagers, also showed a significant impact. High-resolution
Sentinel-2 images are accessible through the Copernicus program (10 m). Sentinel-2
imageries are used to monitor crop health, area, and productivity for regular and irregular
farms due to their high spatial resolution compared to Landsat satellites, which are anticipated
to produce more accurate data [10].

Based on correlation analysis between the new spectral and statistical ranges and using the
spectral indices’ methodology for water, soil, and vegetation cover, the desertification degrees
and agricultural drought were determined using MSAVI2, TGSI, and SI.

1.2. Previous studies

Several previous studies have been conducted on determining agricultural drought and
desertification intensity in Iraq using satellite images. Y. K. Al-timimi (2012) used remote
sensing and GIS techniques to investigate drought levels in lIrag. Meteorological and
Agricultural droughts were calculated based on (SPI (Standardized Precipitation Index) and
NDVI. The study prepared drought risk maps by calculating the frequency of droughts and
integrating agriculture and meteorological drought risk maps. The study found that 14.4% of
the area has Slight drought, 61.6% faces moderate risk, 23.2% suffers from a severe risk, and
0.8% suffers from a severe risk, with northwest Iraq being more drought-prone [11]. F. A.
Zwain (2021) utilized remote sensing data and image analysis tools to detect and monitor
desertification in Basra province. The study evaluated the potential of remote sensing analysis
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in desertification monitoring using three Landsat images captured in 1973, 1993, and 2013.
The results showed significant environmental changes in the arid zone of Basra province,
such as declining surface water, degradation of agricultural lands, and deterioration of
marshlands [12]. B. Abdulrahman (2018) mentioned that remote sensing techniques,
including supervised classification, have been used to monitor and classify the land cover for
the Al-Shari Lake region. The results showed that high-density arable land and permanently
irrigated areas increased slightly from 13.0% to 13.3% between 1996 and 2017. Low-density
arable land intermixed with fallow land decreased from 54.5% to 51.6%, and dunes and rocks
remained relatively stable at 7.7%. Abandoned land and saline decreased from 2.0% to 1.8%,
and water bodies in winter decreased from 1.9% to 0.9% between 1996 and 2017 [13]. H. S.
Abbas (2019) focused on the desertification problem and vegetation cover degradation in Al-
Muthana, a semi-arid area in southern lIrag. The researchers used Ladsat-8 images with a 15m
spatial resolution to collect ground truth data, including rainfall, temperature, digital elevation
model (DEM), and soil texture characteristics. The extracted data could be presented in tables,
figures, and GIS maps to represent the distribution of various factors affecting desertification
in the region [14]. Allawi, M. F. (2020) used GIS and remote sensing techniques to assess
changes in land cover within Mosul Province, Irag, between 2014 and 2018, using Landsat 8
satellite images and normalized difference vegetation index (NDVI). Results showed a
fluctuation in vegetative distribution, with a ratio of 4.98% in 2014, decreasing to 4.77% in
2015 and 3.54% in 2016, then increasing to 4.39% in 2018. The highest NDVI value was
found in 2015, indicating moderate to high vegetation cover[15]. This study aims to use
remote sensing techniques to assess agricultural drought and desertification, identify changes
in land cover, recognize deterioration, and determine the impact of sand encroachment in the

2. Material and methods
2.1. Study Area

Khanagin district, with its three sub-districts (Khanagin center, Jalawla, and Al-Saadiya),
occupies the northeastern part of Diyala Province and is confined between longitudes (45° 21
10"-45° 30' 30") E and latitudes (34° 15' 11"-34° 22' 00”’) N[16]. Its administrative borders are
bordered by Sulaymaniyah province from the north, Iran from the east, Baladruz and Al-
Mugdadiya districts from the south, and Kafri and Al-Khalis districts from the west, Figure
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2.2.  Sentinel-2 data and pre-processing

The Diyala province agricultural drought and desertification intensity were mapped using a
Sentinel-2 (S2) satellite. The Sentinel-2 satellite image (Level-1C) was downloaded for free
from the Copernicus Open Access Hub (https://scihub.copernicus.eu). Two identical
satellites, Sentinel-2A, and Sentinel-2B, are part of the sentinel-2 mission. Sentinel-2A and
Sentinel-2B were available in November 2015 and March 2017, respectively. The spatial
resolution of Sentinel-2 images ranges from 10 to 60 m[17].

The image was captured during two separate periods: February 14, 2016, February 27,
2022, July 22, 2016, and July 22, 2022. Various product levels are accessible to users, but this
study specifically used Level-2A, which provides bottom-of-atmosphere (BOA) reflectance.
To achieve this format, the S2 L1C data underwent preemptive conversion through the
Sen2Cor algorithm accessible through the free SNAP software provided by the European
Union's ESA.[18]. The pre-processing also included resampling bands to 10m spatial
resolution using the nearest neighbor algorithm in SNAP software, extraction, and clipping
the study site from the scene. The analysis utilized Band 2 (Blue), Band 3 (Green), Band 4
(Red), and Band 8 (NIR) with a 10 m resolution (Table 1)[19].

The reason for selecting a cloudless scene during summertime is when crops typically had
harvested, and the density of natural and annual flora is at its lowest. This period is considered
optimal for measuring desertification in the research region since it helps avoid confusion
between desertification and seasonal vegetation.

Table 1: Bands properties for Sentinel-2, wavelength and resolution.

Sentinel-2 Bands Central Wavelength (um) Resolution (m)
Band 2 - Blue | 0.490 10
Band 3 - Green ‘ 0.560 10
Band 4 - Red | 0.665 10
Band 8 - NIR | 0.842 10

2.3.  Spectral indicator analysis

The desertification process can be seen most clearly in the vegetation's greenness or
biomass alteration; indices can measure desertification that considers these changes [20].
Several spectral indices were employed in this study, including:
2.3.1.The Modified Soil-Adjusted Vegetation Index (MSAVI2):

The MSAVI2 aims to resolve some NDVI limitations when used in areas where the soil
surface is highly exposed [21]. The MSAVI2 approach is less sensitive to bare soil than the
SAVI [22]. MSAVI2 values range from "1 to "1, with "1 and O denoting non-plant
characteristics, including barren ground, a built-up region, and a water body, while the value
of "1 and larger indicating vegetation cover [23][18], as shown in Eq. (1) [22].

MSAVI2 = 2 « NIR+ 1 _ /(2 NIR+1)2— 8« (NIR- RED)

1)
2
2.3.2. Topsoil Grain Size Index (TGSI):
TGSI was utilized to determine the topsoil layer's grain size composition or surface soil
texture. TGSI was utilized to monitor desertification in dry areas [24]. Red, blue, and green
bands from the Sentinel-2 image were used to determine the TGSI, Eq. (2). The range of
TGSI values was inversely associated with the amount of fine sand from 1 to *1. Positive
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numbers or those close to O represent areas with flora or water bodies, while values close to

0.20 signify large concentrations of fine sand [25].
B4—-B2

TGSl = 252 )

B4+B3+B4

2.3.3 Salinity Index (SI):

Soil salinization is a major land degradation process in arid and semi-arid regions
characterized by high temperatures and low precipitations [12]. Salinization is a land
degradation that negatively affects soil quality and plant growth, leading to land
desertification [26]. The SI index uses green and red bands, as shown in Eq.(3), using
Sentinel-2 Band 3 (Green) and Band 4 (Red) [27].

B3+B4

Sentinel — 2 SI = Index(B3,B4) = > 3

4. RESULTS AND DISCUSSION

Based on the analysis of Sentinel-2 images using various spectral indicators, it can be
concluded that Diyala Province is experiencing moderate to severe levels of agricultural
drought and desertification. The GSI, MSAVI2, and SI were used to assess the intensity of
drought and desertification.

4.1. MSAVI2 vegetative index results

The area had the highest percentage of low vegetation density in February 2016 at 36.2%,
followed by barren land at 21.8%, water at 10.3%, medium vegetation density at 18.5%, good
vegetation density at 8.8%, and high vegetation density at 4.3%. In July 2016, there was a
decrease in the proportion of low vegetation density to 24.48%, while barren land increased
significantly to 57.88%. On February 27, 2022, the proportion of low vegetation density had
further decreased to 19.44%, while barre+n land decreased slightly to 66.48%. On July 22,
2022, the proportion of low vegetation density decreased to 13.61%, while barren land
increased again to 78.38%.
Overall, the area has been subjected to a decrease in low vegetation density and increased
barren land over time. Water has also decreased, while medium, good, and high vegetation
densities have fluctuated.

Table 2: MSAVI2 vegetative index between February 14, 2016, and February 27, 2022

MSAVI2 for years Vegetation density Area (Km?) The ratio (%)
low vegetation density 920.2865 36.2
medium vegetation density 470.549 18.5
good vegetation density 223.6476 8.8
high vegetation dense 110.2692 4.3
2016 water 262.9354 10.3
barren land 553.6812 21.8
low vegetation density 493.9199 19.44
medium vegetation density 132.8949 5.23
good vegetation density 104.7277 4.12
high vegetation dense 59.5783 2.34
2022 water 60.8204 2.39
barren land 1689.4233 66.48
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Table 3: MSAVI2 vegetative index between July 22, 2016, and July 22, 2022

MSAVI2 for years Vegetation density Area (Km?) The ratio (%)

low vegetation density 622.2322 24.48

medium vegetation density 94.7853 3.73

good vegetation density 45.5629 1.79

high vegetation dense 27.1851 1.07

2016 water 280.7695 11.05
barren land 1470.8247 57.88

low vegetation density 345.8138 13.61

medium vegetation density 87.29 3.43

good vegetation density 46.0461 1.81

high vegetation dense 25.1058 0.99

2022 water 45.1457 1.78
barren land 199.19625 78.38

Source: Sentinel-2A (L2A) MSI satellite image analysis, 10-m resolution, July 22, 2016, and
July 22, 2022, using Arc GIS Pro3.0.2 program.
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Figure 2: MSAVI2 for the study area between February 14, 2016, and February 27, 2022
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Figure 3: MSAVI2 for the study area during (A): July 22, 2016, (B) MSAVI2 July 22, 2022.
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Figure 5: Pie chart of MSAVI2 classes during: (A) July 22, 2016, and (B) July 22, 2022.

4.2. Results of the Topsoil grain size index (TGSI)

The results show that there has been a significant decrease in the percentage of land
covered by vegetation and an increase in the percentage of land covered by desert between
2016 and 2022. The percentage of land covered by water bodies has decreased slightly, while
the percentage of land covered by medium and high contents of fine sand has remained
relatively unchanged., Figure 6 and Table 4.

These changes in land cover can significantly impact the ecosystem and environment, such
as water availability, biodiversity, and climate. Monitoring and understanding these changes
is essential to develop appropriate sustainable land use and management strategies.

Table 4: TGSI of the land cover between July 22, 2016, and July 22, 2022

TGSI for years Landcover by TGSI Area (Km?) The ratio (%)
soil covered by water bodies 25.17837 10
soil covered by vegetation 10.27009 4
medium contents of fine sand 51.9912 20
high contents of fine sand 114.46521 45
2016 soil is fully covered by fine sand 522311 21
(desert)
soil covered by water bodies 5.04754
soil covered by vegetation 10.57772
medium contents of fine sand 47.40679 19
2022 high contents of fine sand 104.11983 41
soil is fully covered by fine sand 86.93792 34
(desert)
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Figure 6: Spatial variation of soil surface texture in Khanagin district between 2016 and 2022

4.3. Results of the Salinity Index (SI):

Between 2016 and 2022, there have been significant changes in the salinity index and
corresponding desertification intensity types. The area covered by low salinity and no
desertification decreased from 12.11% to 5.06%, indicating an increase in soil salinity and
desertification. The area transitioning from low to moderate desertification increased from
12.05% to 9.41%. The desertification rate slowed down for the area with high salinity and
moderate desertification intensity, which increased from 31.01% to 27.86%. However, a very
high salinity area and high desertification intensity increased from 32.49% to 36.44%, and the
area with extremely high salinity and very high desertification intensity increased from
12.34% to 21.23%. These results indicate an accelerated desertification process and the need
for urgent measures to mitigate the process, Figure 7, Figure 8, and Table 5.

Table 5: salinity and desertification intensity between 2016 and 2022.

Salinity Index 2 e
f Landcover by Salinity Index Area (km?) ratio
or years

(%)
low salinity and no desertification 307.8292 12.11
moderate salinity and low desertification intensity 306.1644 12.05
high salinity and moderate desertification intensity 788.0455 31.01
2016 very high salinity and high desertification intensity 825.7476 32.49
extremely high sallnlty and very high desertification 313573 1234

intensity
low salinity and no desertification intensity 128.631 5.06
moderate salinity and low desertification intensity 239.094 9.41
high salinity and moderate desertification intensity 708.1435 27.86
2022 very high salinity and high desertification intensity 925.9806 36.44
emmmdyNWmdmnymwywymmuk%nﬁman 539 5148 2123

intensity
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Figure7: Pie chart of Salinity Index classes for July 22, 2016, and July 22, 2022.
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Figure 8: salinity and desertification intensity in Khanagin district between 2016 and 2022.

5. Conclusions and Recommendations
The study analyzed Sentinel-2 images and various spectral indicators to determine the

intensity of agricultural drought and desertification in Diyala Province, Irag. The results
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showed that the province is facing moderate to severe levels of drought and desertification,
with high levels of vegetation stress and water shortage. The Topsoil Grain Size (GSI),
Modified Soil-Adjusted Vegetation Index 2 (MSAVI2), and Salinity Index (SI): were used to
assess the intensity of drought and desertification.

To mitigate the impact of agricultural drought and desertification, the study recommends
implementing efficient water management techniques such as rainwater harvesting and drip
irrigation, soil conservation practices such as contour farming and conservation tillage, crop
diversification by introducing drought-tolerant crops, and reforestation programs.
Implementing these measures can minimize the impact of drought and desertification, and the
region's agricultural productivity can be improved.
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