

Monitoring and Assessment of Agricultural Drought Using Satellite Data: Case Study in Afaj District, Al-Qadisiya Governorate, Southern Iraq 



ABSTRACT: 
This study aims to analyze the spatiotemporal changes in drought severity in Afaj District of Al-Qadysia Governorate, Southern Iraq, using Sentinel 2 satellite data  NDVI, NDWI, and NDDI indices for 2019 and 2025. The study area has a desert climate with long, hot summers and a mean annual temperature of 29.85 °C, while winter is short and mild. Rain falls between November and April, and the mean annual rainfall is less than 30 mm. The results revealed a significant correlation between the satellite indices (NDVI, NDWI, and NDDI), and they showed a wide temporal-spatial variation. Five land-use types were identified in the study area: weak vegetation, moderate vegetation, urban land, bare land, and water bodies. The area for all land cover classes decreased between 2019 and 2025, except for bare land, which increased by 28%. The study area was classified into five drought classes using the NDDI index, including: very low, low, moderate, high, and very high drought severity. The high drought severity occurred mainly in the wetlands and the surrounding area, located in the northeast part of the study area. The study area is highly affected by moderate drought severity levels in both years (40% and 60% of the total area in 2019 and 2025, respectively). The results emphasized that there would be a more severe drought in 2025 than in 2019. The expansion of severely affected land has led to a reduction in agricultural and urban land in 2025 . The decline in agricultural land is attributed to land degradation and reduced productivity caused by water scarcity and increased salt accumulation in the soil. This has prompted reverse migration from the countryside to the city as farmers seek to secure livelihoods
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Highlights:
· Satellite indices are a powerful tool for the assessment of drought severity
· Most of the Afaj district suffers from drought severity
· Drought severity in the study area is affected by meteorological and Human factors
· The study area is suffering from climatic change and Drought severity. 

1. Introduction
Droughts are among the most far-reaching natural hazards in the world. They negatively affect all areas of the economy, including agricultural production, domestic water use, all other industries that use water, and the energy sector in large areas of the world(WB,2024), and harm production, socioeconomic development, food security, and the ecological environment (Hereher et al., 2022). Drought is a natural and human phenomenon that occurs in nearly all climate zones, and the concepts surrounding it are unclear and undefined. Drought results from the interplay between rain, heat, and evapotranspiration; it is a deficiency in precipitation over an extended period (NOAA, 2020). Additionally, Drought can be defined as prolonged water scarcity, whether atmospheric, surface, or subsurface water, that leads to soil degradation, desertification, vegetation destruction, sandstorms, wildfires, and other disaster phenomena (Wang, et al., 2020; Alahacoon and Edirisinghe, 2022; Sharifi, 2020).
Generally, droughts are classified into four categories (Belal et al., 2014; Chandrasekara et al., 2021; Guo, et al., 2020), include: Meteorological droughts are categorized according to deficits in precipitation;  agricultural droughts are based on deficits in soil moisture, reduced water availability for irrigation, and overall water stress on crops (Elusma, et al. 2022).; hydrologic droughts are based on deficits in stream flow, decline in reservoirs, lakes, streams, rivers, and ground water level;  and socio-economic droughts occur when the demand of multifarious commodities for water exceeds the supply, and it is based on the impact of drought conditions (meteorological, agricultural, or hydrological drought) on the supply and demand of some economic goods. Agricultural drought poses severe threats to food security by significantly reducing crop yields and disrupting food supply chains(Khalili, et al., 2024). 
Due to the complexity of the drought phenomena and the need for their descriptions in applications, several indices have been proposed for drought assessment; each of these indices addresses a specific aspect of drought. Several different indices have been developed to quantify a drought, each with its own strengths and weaknesses. For example, the standardized precipitation index (SPI; McKee, et al., 1993); soil moisture drought index (SMDI; Hollinger et al., 1993); vegetation condition index (VCI; Liu and Kogan, 1996); Normalized Difference Vegetation index(NDVI; Rouse, et al.,1973 );Normalized Differences Water index(NDWI; Paniagua, et al.,2020) . Normalized Difference Drought Index (NDDI; Charat, et al.,2009). Vegetation is the first feature that can be affected by drought; as a result, remote sensing indices have been developed for the quantification of drought based on brightness values of the land cover types. Many of the vegetation indices are introduced using ratios of visible, near-infrared, and mid-infrared portions of the electromagnetic spectrum (Tucker, 1979; Goward, et al., 1991 and Yang, et al., 1998). The use of vegetation indices is one of the most practical approaches for drought monitoring using satellite data. Normalized Difference Vegetation Index (NDVI), Normalized Difference Water Index (NDWI), and Normalized Difference Drought Index (NDDI) are effective tools for studying environmental changes, analyzing vegetation cover, and assessing drought conditions.
Iraq is due to the climate change consequences as the fifth-most vulnerable country to climate breakdown [UN,2022] and the water policies of the neighboring countries. For many decades, Iraq has suffered from low averages of rainfall and snowfall due to climate change consequences, not only in the middle and south parts but even in the northern part, which should receive (400 - 1000) mm of rainfall (Saeed, 2015). Iraq has been subjected to critical drought events throughout the last 2 decades that have significantly influenced the water resources conditions and the ecosystem productivity (Jameel, et al.,2023). The whole of Iraq is prone to droughts, and the severity of droughts has increased over the past decades(UNDP,2022).  This study aims to analyze the spatiotemporal distribution of drought severity in Afaj District of Al-Qadisyia Governorate, Southern Iraq, using Sentinel 2 satellite data, and applying NDVI, NDWI, and NDDI indices over an annual period.
The main objectives of this study are to: 1) Analyze the spatiotemporal distribution of drought severity classes in the Afaj District of Al-Qadysia Governorate, Southern Iraq, using Sentinel-2 satellite data and applying the NDVI, NDWI, and NDDI indices for 2019 and 2025), 2)To show the impacts of drought severity on land cover/ land use changes; and 3) Prepare maps for the temporal-spatial distribution of drought severity classes in the study area. The years 2019 and 2025 were chosen in this study to assess and monitor drought in the study area because they represent the driest and wettest years, respectively, during the last decade.
2. Materials and Methodology:
2.1. Location of the Study Area
The Afaj is one district of Al- Qadiysia governorate, located about 370 km southeast of Baghdad between latitude 31◦14′ N and longitude 46◦19′ E ( Figure 1). The study area has a desert climate with long, hot summers and a mean annual temperature of 29.85 °C, while winter is short and mild. Rain falls between November and April, and the mean annual rainfall is less than 30 mm, classified as a subtropical desert climate(BWh)( Figure 2). The Euphrates and Al-Gharraf (branch of the Tigris) rivers, in addition to the marshes, cross the province. The main land use land cover classes in the study area are weak vegetation, moderate vegetation, urban land, bare land, and water bodies. Al-Qadisiya governorate has been highly affected by climate change over the last two decades, as reflected by Marsh drones. Shifting of agricultural land, and increasing in salt affected soils.  
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Figure 1: location of the study area
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Figure 2: Mean Annual Rainfall and Temperature in Al- Qadysia Governorate

2.2. Satellite Data
     In this research, the spatiotemporal variations of agricultural drought in the study area were analyzed using Sentinel-2 satellite images with a 10 m spatial resolution, for 2019 and 2025, captured in June from the USGS Earth Explorer (NASA LPDAAC Collection). The two years were used in this study to illustrate the variation in drought severity in the Afaj district. Remote sensing techniques were employed to calculate the NDDI (normalized difference drought index) using the NDVI (normalized difference vegetation index) and NDWI (normalized difference water index) (Figure 2). Figure 3 shows the flow diagram calculation of drought severity in the study area using NDDI. 
NDVI and NDWI were used to calculate Drought Severity as the crop plants' reflectance features vary due to physiological and morphological changes resulting from water stress in plants and soils. The NDVI, which describes vegetation cover and density, plays an important role in maintaining the balance of ecosystems(Xiong and Wang, 2022) . The NDVI was calculated using the following formula ( Rouse et al,1973)  :
               𝑁𝐷𝑉𝐼=𝜌𝑁𝐼𝑅−𝜌𝑅 /𝜌𝑁𝐼𝑅+𝜌𝑅
Where:
   ρNIR : spectral reflectance band near-infrared (band 3)
   ρR : spectral reflectance band red (band 8) 

The NDVI value ranges from -1 to +1. If the NDVI value is closer to 1, it indicates that the vegetation cover in the area is getting denser. On the other hand, if NDVI is closer to -1, the site has a non-vegetative surface such as built-up land, open land, and water. Areas with high vegetation cover generally correlate positively with water stored in the soil ( Lazo, et al., 2019).
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          Figure 3: Flow diagram for NDDI calculation and drought severity in the study area
NDWI-Normalized Difference Water Index (NDWI), which was used to identify the presence of open water features by remote sensing using short Near-Infrared (NIR) and green (G) bands ( McFeeters, 1996). The NDWI calculation formula (Paniagua, et al.,2020) is:
                 𝑁𝐷𝑊𝐼=𝜌G−𝜌𝑆𝑊𝐼𝑅 / 𝜌G+𝜌𝑆𝑊𝐼𝑅
where
         ρG : Green band(band 3)
         ρSWIR : Short infrared band(band 8)

The value of the NDWI ranges from −1 to 1. Theoretically, NDWI values above 0 represent water bodies and NDWI values below 0 indicate non-water-body areas (McFeeters, 1996). However, in reality, water bodies can also have NDWI values < 0 due to the presence of bare sediment in some rivers, lakes, and seas. Generally, NDVI shows a negative relationship with NDWI. Which means, when NDVI values are low, NDWI values tend to increase, indicating higher drought intensity due to reduced vegetation. Conversely, as NDVI increases, NDWI values gradually decrease. Gu, et al., (2007)  found that NDWI had a quicker response to drought conditions than NDVI. The average NDWI was consistently lower than 0.3 under drought conditions and higher than 0.4 under non-drought conditions. 

NDDI: NDDI has been applied worldwide, concluding that it is a complementary tool to determine drought behavior more efficiently compared to other methodologies (Mongkolsawatet al., 2009; Renza et al., 2010; Lee et al., 2016; Khampeera et al., 2018; Tavazohi and Ahmadi, 2018; Le Hung and Tuyen, 2019; Aksoy and Sertel, 2021; Dobri et al., 2021). The Normalized Difference Drought Index (NDDI) was created by Gu et al. (2007a) and their collaborators in 2007. The primary objective of creating this index was to develop a tool capable of capturing the behavior and intensity of the drought, combining more than one index to study the phenomenon.  A combination of NDVI and NDWI outcomes NDDI that gives more precision in drought monitoring than NDVI alone, both of which are sensitive to the presence of vegetation and the presence of water in an area, using the  following formula( Charat et al.,2009) :
          𝑁𝐷𝐷𝐼 = 𝑁𝐷𝑉𝐼 –𝑁𝐷𝑊𝐼 /  𝑁𝐷𝑉𝐼 +𝑁𝐷𝑊𝐼
Where:
         NDVI:    Normalized Difference Vegetation Index
         NDWI:  Normalized Difference Water Index

High NDDI values indicate drought conditions, in which both NDVI and NDWI are low, whereas low NDDI values indicate non-drought conditions, in which both NDVI and NDWI are higher. Because NDDI incorporates information on both vegetation vitality and water content, it is a more sensitive indicator of drought than NDVI or NDWI alone for drought monitoring in grasslands in the United States [Gu et al., 2007b] and for crop conditions in China (Cheng and Jian, 2008). In contrast, the minimum NDDI value indicates no drought or water scarcity. When NDDI decreases, NDVI and NDWI increase, indicating high vegetation with sufficient water (Du et al., 2018). 
2.3. Software:
Drought analysis using Sentinel-2 satellite data was carried out in the Quantum GIS software package (QGIS 3.16.4). Using this software, all drought-classified indices for the Afaj district were derived, the class-wise area was computed, and thematic maps were created for visual comparison

3. Results and Discussion
3.1. Spatial distribution of Land cover/ land use in the study area using NDVI 
[bookmark: bbib27][bookmark: bbib4]The normalized difference vegetation index (NDVI) is a simple graphical tool used to assess vegetation cover on Earth's surface through remote sensing. NDVI values vary with climate, soil, and topography; therefore, more productive ecosystems display different radiometric properties compared to less productive ones. The NDVI has certain advantages over other vegetation indices, since it is less dependent on soil properties (Lemenkova, 2015), The NDVI is sensitive to vegetation density and plant chlorophyll activity (Alhumaima and Abdullaev, 2020).
[bookmark: bbib28][bookmark: bbib31]The results (Figure 4) revealed that the NDVI values for the study area range between –0.24 in the water body area, located in the northeastern part of the study area, and 0.50, representing the vegetated land distributed across different locations in the study area. The study area was classified into five land cover categories, including: weak vegetation, moderate vegetation, urban land, bare land, and water bodies. Urban and bare lands are the most prevalent land cover types, while water bodies are the least common in the study area (Figure 4). These findings reflect the impact of drought conditions and the water crisis in the region. The spatio-temporal dynamics of vegetation cover is largely driven by climate factors, such as climate change and human activities, deforestation/reforestation, and topographic parameters (Lin, et al., 2020; Matas-Granados, ,, 2022).
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Figure 4: Tempo-spatial land cover changes for 2019 and 2025, using NDVI


3.2 Change detection of Tempo-spatial land cover changes for 2019 and 2025 Using NDVI
The temporal-spatial changes of land covers within the study area are shown in Table 1 and Figure 5. The results emphasized positive and negative tempo-spatial changes of land cover classes in the study area. The area for all land cover classes decreased between 2019 and 2025, except for bare land, which increased by 28%. While the vegetated classes, urbane land, and water body decreased by 3%,7%, 16%, and 2%, respectively. These changes are due to the impact of drought conditions as a result of climate conditions, leading to loss of available moisture by increasing temperature and evapotranspiration, and a decrease in the amount of Rainfall (Muhaimeed, et al. 2025a). 
          
Table 1: Tempo-spatial land cover changes for 2019 and 2025 Using NDVI
	 
Land cover
	 
Moderate vegetation
	 
Weak Vegetation
	 
Urban land
 
 
	Bare Land

	 Water Body

	


	
	Area km²
 
	Area %
	Area km²
 
	Area %
	Area km²
 
	Area %
	Area km²
 
	Area 
%
	Area km²
	Area %
	Total
Area km²

	2019
	209.22
 
	5%
 
	486.58 
	12%
 
	1792.65
 
	43%
 
	1523.80
 
	36%
 
	189.71 
	4%
 
	4201.96
 

	2025
	85.95
 
	2%
 
	182.93 
	5%
 
	1138.21
 
	27%
 
	2682.34
 
	63%
 
	112.54 
	3%
 
	4201.96
 

	Change Dedication
	-123.26
 
	-3%
 
	-303.65
 
	-7%
 
	-654.44 
	-16%
 
	1158.52
 
	+27%
 
	- 77.17 
	- 1%
 
	 






Figure 5: Tempo-spatial of land cover/Land use changes in 2019 and 2025 using NDVI


3.3 Calculation of NDWI and NDDI for the study area
NDWI values for the study area in 2019 and 2025 were calculated using the following equation:

                         𝑁𝐷𝑊𝐼=𝜌G−𝜌𝑆𝑊𝐼𝑅 / 𝜌G+𝜌𝑆𝑊𝐼𝑅
where
         ρG : Green band(band 8)
         ρSWIR : Short infrared band(band 3)
The results in Figure 6 emphasized that the NDWI values ranged from ( -0.51 to 0.14), higher values of NDWI indicate that the area has an area with water, whereas the value below 0 indicates that the area is not a water area. Areas with positive value ranges indicate that the region is not drought-resistant because it contains water.
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Figure 6: Tempo-spatial distribution of NDWI in the study area in 2019 and 2025/
      

3.4 Change detection of Tempo-spatial land cover changes for 2019 and 2025 Using NDDI
3.4.1 Calculation of NDDI index for the study area 

The Normalized Difference Drought Index was calculated using the two indices (NDVI and NDWI), both of which are sensitive to the presence of vegetation and the presence of water in an area, using the following formula(Charat, et al.,2009) :

          𝑁𝐷𝐷𝐼 = 𝑁𝐷𝑉𝐼 –𝑁𝐷𝑊𝐼 /  𝑁𝐷𝑉𝐼 +𝑁𝐷𝑊𝐼               (3)
Where:
         NDVI:    Normalized Difference Vegetation Index
         NDWI:  Normalized Difference Water Index

The NDDI values for the study area ranged from <- 2.0 to <3.0. Positive NDDI values indicate more intense drought (drier conditions) and decreased vegetation health, often associated with drought stress. In contrast, negative values suggest healthier vegetation with sufficient moisture, clouds, or the presence of water[( Salas-Martinez, et al., 2023). 
The results of statistical analysis between the studied indices using 600 sample points revealed a high positive relationship between NDVI and NDWI, with a correlation coefficient (r) of 0.6936, and R² =0.725. In contrast, the correlations were highly significant between NDVI and NDWI with NDDI, with a correlation coefficient(r)= -0.694 and -0.897, and R²= 0.5818 and 0.8912, respectively (Figure 7). These results are in agreement with those found by (Artikanur, et al., 2022; Halin , 2018). When the NDVI value is low but not negative, the NDDI tends to be high, indicating relatively high drought severity in the area due to the absence of vegetation. However, when the NDVI value is negative, the NDDI value will be low because the site has a water surface. Meanwhile, when the NDVI value is high, the NDDI value tends to be low because a lot of vegetation can store water in the area. Vegetation is a good medium for water and soil conservation (Huang, et al., 2022). These results emphasize that using NDDI is a useful approach to assessing drought severity in the study area.  
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Figure 7: Statistical Relationship between Indices for the study area 

Generally, NDDI is a more sensitive indicator for drought than the above two indicators, i. e. NDVI and NDWI. Where the maximum value of NDDI indicates drought conditions, at the same time, NDVI and NDWI become low. In contrast, the minimum NDDI value indicates no drought or non-water scarcity conditions. When NDDI becomes low, NDVI and NDWI values increase, indicating high vegetation with sufficient water (Du, et al.,2018)

3.4.2. Calculation of Drought Severity using NDDI
The spatial and temporal Drought Severity changes in the Afaj district were evaluated using remote sensing techniques, as crop plant reflectance features vary due to physiological and morphological changes resulting from water stress in plants and soil. The main remote sensing indices are NDVI, NDWI, and NDDI. The study area was classified into five drought classes using the NDDI index (Table 2). These classes include: very low, low, moderate, high, and very high drought severity. High and very high severe classes occur mainly within and around the marshland area, located in the northeast part of the study area (Figure 8).  Generally, the low drought severity level has the broadest area, 93% of the total area. The vegetation density potentially causes the low severity index due to cultivated land use, while the high and very high classifications are in the settlement area.

Table 2: Classes of Drought severity in the study area using NDDI index 
	Drought Severity
	NDDI Value

	Very low Drought
	      -2 <

	Low Drought
	 -2   -   -1

	Moderate Drought
	 -1   -    0

	High Drought
	  0   -    1

	Very High Drought
	  1 -    <3
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Figure 8: Tempo-spatial distribution of drought severity classes in the study area for 2019 and 2025

3.5. Tempo-spatial changes of drought severity in the study are for 2019 and 2025
Drought maps were prepared for comparison for both years (2019 and 2025) in the study area are presented in Fig. 8. The study area was classified into five drought severity classes, including very low, low, moderate, high, and very high drought severity. The high drought severity occurred mainly in the wetlands and the surrounding area, located in the northeast part of the study area. The results (Figures 9 and Table 3) indicated temporal-spatial changes in drought severity in the study area. The study area is highly affected by moderate drought severity levels in both years( 40% and 60% of the total area in 2019 and 2025, respectively). The results emphasized that a more severe drought in 2025 than in 2019, consistent with meteorological and human factors (Muhaimeed, et al. 2025b). 
Analysis of the results shows that in 2019, half the area (48%) of the study area experienced moderate to high drought severity, and this share increased to 75% in 2025 (Table 3). The expansion of severely affected land has led to a reduction in agricultural and urban land in 2025 (Figure 9). The decline in agricultural land is attributed to land degradation and reduced productivity caused by water scarcity and increased salt accumulation in the soil. This has prompted reverse migration from the countryside to the city as farmers seek to secure livelihoods. Comparing the data in Table 1 for land covers in 2019 and 2025 shows that the total area of vegetated and urban land decreased by 10% and 17%, respectively, while bare land increased by 27%. These results demonstrate changes in land cover types over time due to increased drought intensity, accompanying water scarcity, and land degradation. The rise in drought severity over time is strongly influenced by water flow and withdrawal, reflecting local water storage in the marshland area and local demand and deficit, mainly for land cultivation.

      

Table 3: Changes  of drought severity in the study area for 2019 and 2025
	 
Time
	 
Very_ Low
	 
Low
	 
Moderate
	 
High
	 
Very_ High
	 

	
	Area km²
 
	Area %
	Area km²
 
	Area %
	Area km²
 
	Area %
	Area km²
 
	Area %
	Area km²
	Area %
	Total
Area km²

	2019
	465.77
 
	11
 
	1734.41
 
	41
 
	1883.64
 
	45
 
	84.10 
	2
 
	33.10
	1
 
	4201.96
 

	2025
	411.65 
	10
 
	648.42
 
	15
 
	2509.79
 
	60
 
	177.37 
	4
 
	454.7
	11
 
	4201.96
 

	Change Dedication
	-54.12
 
 
	-1
 
	1085.99
 
 
	-26
 
	626.10
 
	15
 
	93.27
 
	2
 
	77.17
 
	10
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Figure 9: Changes of drought severity in the study area for 2019 and 2025



Conclusions:
The result revealed a highly significant Statistical correlation between NDVI, NDWI, and NDDI, which can be used as a useful tool to evaluate drought severity in dry regions. The NDDI calculated with Sentinel-2 images is a powerful indicator for monitoring and quantifying drought severity under dry conditions, where lower precipitation and higher environmental temperature occur yearly. Five drought levels were recognized in the study area, with dominance for the moderate and high drought severity. The results emphasized the impacts of drought severity on the tempo-spatial changes in the total area of the dominant land covers, reflected by the increase in the total area of bare land over time.  The main reason for drought severity in the study area is climate change, reflected by a decrease in rainfall and an increase in the amount of moisture due to the rise in mean annual temperature and evapotranspiration
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Calculation of drought severity using NDDI
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