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Abstract: Rapid and widespread use of remote sensing and accurate acquisition of information on
the spatiotemporal distribution of large-scale vegetation is of great importance for improving and
managing the environment. This research aimed to monitor the agricultural drought in the
Kurdistan Region of Iraq by used the spatiotemporal variability of vegetation cover. NDVI images
have been used from MODIS over 24 years (2000-2023). The results showed that the vegetation cover
was mainly distributed in the northeast to southeast of the Kurdistan Region of Iraq, while the
western region was less distributed and had almost no vegetation cover. This is clearly shown in
the southwestern part of the region. While Duhok Governorate has the most control over vegetation
cover in the Kurdistan Region of Iraq during the study period. There is a significant temporal
variation in vegetation cover over 24 years in the Kurdistan Region of Iraq. A decrease in vegetation
cover area was observed in 2000 and 2008. The increase or decrease in vegetation cover area is not
only affected by climatic conditions. Human resources are also one of the main resources that have
a great influence on the increase or decrease in vegetation cover.
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1. Introduction

Drought is one of the major environmental challenges facing Iraq at present. Drought
causes severe rainfall shortages and low water levels in rivers and lakes, negatively
impacting agriculture, the economy, environment, and exposing the population to health
and social risks. Changing natural conditions and global climate change exacerbate this
phenomenon in Iraq, requiring effective strategies and measures to address its
repercussions and reduce its impact on the population and the environment [1]. In
addition, drought reduces water supplies for drinking and agriculture, affecting the
country's food security and economic development [2]. Drought is one of the important
geographical climatic phenomena that has begun to occupy the attention of many
researchers, especially recently, as it is one of the global problems and one of the natural
disasters that has left many effects that are difficult to determine.
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Drought is a recurring and periodic climate phenomenon that occurs as a result of a
decrease in the amount of rainfall below its general average for a long or short period,
which leads to a decrease in the amount of running water from rivers, a decrease in soil
moisture, and a decline in the areas of vegetation cover and agricultural lands [1]. Drought
refers to a specific period in which the amount of rainfall decreases. It may be long, short,
or fall at an inappropriate time. Drought is defined as the period in which the amount of
rainfall and relative humidity decrease and is characterized by high temperatures and
wind speeds [3]. Yaseen AL-Timimi, et al (2012) [4] studied the drought levels in Iraq
using Remote Sensing and GIS Techniques. Meteorological and Agricultural droughts
were calculated based on the Standardized Precipitation Index (SPI) and Anomaly of
Normalized Difference Vegetation Index (NDVI), respectively. The results indicated that
14.4% area has Slight drought, 61.6% area faces moderate risk, 23.2% area face severe risk
and 0.8% area faces very severe risk within the study area. Heman Abdulkhaleq, et al
(2022) [5] analyzed a Landsat time-series dataset from 1998 to 2021 to determine the
drought severity status in the KRI. The Modified Soil-Adjusted Vegetation Index
(MSAVI2) and Normalized Difference Water Index (NDWI) were used as spectral-based
drought indices to evaluate the severity of the drought and study the changes in
vegetative cover, water bodies, and precipitation. The Standardized Precipitation Index
(SPI) and the Spatial Coefficient of Variation (CV) were used as meteorologically based
drought indices.

1.1. Normalized Differences Vegetation Index (NDVI)

NDVI is a widely index used in remote sensing to assess and monitor the health,
density, and strength of vegetation cover in a given area. The NDVI is derived from
satellite images in different spectral bands, especially in the visible and near-infrared
regions of the electromagnetic spectrum [2]. It can be calculated by the following formula:

__ =(NIR—Red)

NDVI = =(NIR+Red) 1)
Where: NIR is the reflectance in the near-infrared range. Red is the reflectance in the

red range. The values of the vegetation index range from (-1 — 1), where negative values

indicate clouds and water, positive values close to zero indicate bare soil, and higher

positive values of (NDVI) indicate:

Table 1. The values of the vegetation index range.

NDVI Range Feature
0.1-0.2 Spread vegetation
0.2-0.3 Low vegetation
0.3-0.5 Moderate vegetation
0.5-0.75 Dense vegetation
0.75-1.0 Very dense vegetation

The NDVI index is widely used in various applications, including agriculture,
forestry, environmental monitoring, and climate change studies. It provides valuable
insights into vegetation dynamics and ecosystem health at local, regional, and global
scales.

2. Materials and Methods
2.1. Area Study

The Kurdistan Region is located in northern Iraq and has an area of 40643 km?. The
region includes two main rivers: the Greater Zab and the Lesser Zab, which originate from
the Tigris River. Its elevation ranges between (88 - 3600) m. It includes the governorates
of Dohuk, Erbil, and Sulaymaniyah as shown in figure 1.
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The Kurdistan Region enjoys a Mediterranean climate, which is cold and humid in
winter and hot and dry in summer [6,7]. In general, the climate is determined by high
rainfall rates in the north and a dry climate in the plains [8,9]. From October to May,
rainfall ranges from 350 mm in the southern regions to more than 1,200 mm in the
northern and northeastern regions [10]. The average daily temperature ranges from 5°C
in winter to 30°C in summer, while in the south it can reach 50 °C. Physiologically, the
Kurdistan Region of Iraq can be divided into the Zagros Mountains and the foothills. The
total area of land suitable for rainfed agriculture is 10682 km?, which represents 87.6% of
the total agricultural land. Approximately 7202 km? of the farming area in the Kurdistan
Region of Iraq has been allocated to the production of field crops, which constitutes a large
share of the agricultural area in the Kurdistan Region of Iraq [11].

Figure 1. Study area.
2.2. Data

In this study, data were obtained from the Moderate Resolution Imaging
Spectroradiometer (MODIS). Data were downloaded from NASA's Earth Observing
System satellites. NASA's Earth Observations (NEO) is part of the EOS Project Science
Office located at NASA's Goddard Space Flight Center. Over 50 different global datasets
are represented with daily, weekly, and monthly imagery data. Images are available in a
variety of formats including JPEG, PNG, Google Earth and GeoTIFF. All imagery data
were available at (https://neo.gsfc.nasa.gov/ ). GPM data were extracted using ArcGIS
version 10.7. The data are MODIS images taken for the years 2000, 2010, 2020, and 2023.
The data were prepared and because these images are prepared to cover a very large area,
it was necessary to extract the study area, which is Iraq, and subtract it from each image
using GIS Arc and then classify the MODIS image.

3. Results

Mathematical and computational operations were performed on the MODIS image
series covering the study area over 24 years from 2000 to 2023 during the spring season
(April), as shown in figures (2-5).
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Figure 2. Spatial distribution of the NDVI index during the period 2000 to 2005 for the Kurdistan
region of Iraq.

The operations included classifying the image based on the NDVI thresholds, which
include 6 classes: the first class is no vegetation cover ranging from (0-0.2), the second
class is light vegetation cover ranging from 0.2 to 0.3, the third class is ranging from 0.3 to
0.4, the fourth class is ranging from 0.4 to 0.5, representing moderate vegetation cover, the
fifth class is dense vegetation cover ranging from 0.5 to 0.6, and the last class is very dense
vegetation cover ranging from 0.6 to 0.7.
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Figure 3. Spatial distribution of the NDVI index during the period 2006 to 2011 for the Kurdistan
region of Iraq.
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Figure 4. Spatial distribution of the NDVI index during the period 2012 to 2017 for the Kurdistan
Region of Iraq.
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Figure 5. Spatial distribution of the NDVI index during the period 2018 to 2023 for the Kurdistan
Region of Iraq.

Figures (2-5) show, it was noted that the sixth class, which represents dense vegetation,
was absent or present in small quantities during the following years: 2000, 2001, 2002,
2003, 2004, 2005, 2006, 2007, 2008, 2009, 2011, 2012, 2017, 2021. The years 2015 and 2020
were the years with the highest frequency of dense vegetation area. During 2006, it was
noted that vegetation cover was present in the north and east at a very low rate. Then in
2007, the vegetation cover began to increase, as the vegetation cover was present in the
north, east, and west to a reasonable extent. As for 2008, it was the most dangerous year
due to the complete drought. During 2013, an increase in the vegetation cover area was
observed compared to 2012, and the vegetation cover was present in the direction of the
northeast and west, in proportion to the moderate vegetation cover as well as the dense
vegetation cover. During the year 2018, the concentration of vegetation cover became high
in the northeast direction, and it can be notice that the increase in all classes except for the
fourth class, which is very light blue, which is class 0.4-0.5, and the third class 0.3-0.4.
During the year 2020, which has the highest concentration of vegetation cover in the
northeast and northwest direction, especially in the fifth and sixth classes. 2021 the
average vegetation cover value decreased significantly again, and the presence of
vegetation cover became fluctuating and small in the northern direction, and increased
the values of the classes 0-0.2, 0.2-0.3, and 0.3-0.4. During 2023, the vegetation returned
with high concentration in the northeast and northwest directions, and the values of the
last three important classes became high for the dark blue, light blue and very light blue
colors. Figure 6 shows the percentage of vegetation cover area distributed over the
Kurdistan Region of Iraq for 24 years (2000-2023). In general, Duhok Governorate comes
first because it has the largest vegetation cover area. It is followed by Sulaymaniyah and
Erbil. It was noted that the highest vegetation cover area in the Kurdistan Region was in
the years 2015,2020. The moderate vegetation cover area was observed in the years 2001,
2003, 2005, 2010, 2014, 2017. The least vegetation cover area was observed in the years
2000, 2008, 2009.
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Figure 6. Temporal distribution of the percentage of the NDVI index for the six classes during the
period from 2000 to 2023.

Figure 7, it can be noted that the lowest value of NDVI was 0.264 in 2008. This low
value occurred due to the low annual rainfall, which is an important factor in determining
the vegetation cover. While the highest value of NDVI was 0.508 in 2020. The years that
exceed the Above average are 13 years, with an average value of 54.1. The years that
exceed the Below average are 11 years, with an average value of 45.8, where the sum of
the average values is 99.9. The value of the vegetation cover index changed to maximum
values from 2016 to 2020, which is the highest average value, indicating vegetation cover.
The effects of drought in 2008 indicate that all regions were affected. This year the greatest
loss occurred during the growing season (April) due to severe drought, especially in the
southern, central and southeastern parts of the Kurdistan Region of Iraq. In 2008, the
percentage of land covered by plants was 0.2. This low percentage may be due to the
mismatch between seasonal rainfall and plant needs during the assessment of the critical
growth stage. The results of the spatial pattern of vegetation coverage from 2000 to 2023
indicate that the average spatial vegetation coverage is 75% and the average non-
vegetation coverage is 25%. The largest decrease was recorded in 2008, which was the
most important drought event over the past 24 years. It can be noted that there is a general
trend of increasing NDVI values over the past 24 years.
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Figure 7. Temporal distribution of NDVI rate during the period from 2000 to 2023 for the Kurdistan
region of Iraq.

4. Conclusions

The decrease in NDVI values in the Kurdistan Region of Iraq between 2000 and 2019
was in the years 2000, 2008 and 2009.The largest vegetation cover area in the Kurdistan
Region of Iraq during the 24 years was in 2015 and 2020, but the vegetation cover area was
smaller in 2000 and 2008. Spatial distribution of vegetation cover based on NDVI index in
the Kurdistan Region of Iraq is generally concentrated in the northeast and southeast.
During the 20-year period (2000-2023), Duhok Governorate has the largest vegetation
cover area. Considering the distribution of vegetation in the Kurdistan Region of Iraq
According to the MODIS data collected, the Kurdistan Region of Iraq showed high levels
of vegetation cover regardless of the time of the year. There was an increasing trend in the
rate of vegetation cover during the study period, which lasted 24 years.
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