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Abstract

Drought is one of the most natural hazards that may harm human life and property
under different weather and environmental conditions. This study used remote sensing
data to monitor agricultural and meteorological drought in Babel Governorate. Drought
maps were drawn using Landsat 8 images based on Normalized Difference Vegetation
Index (NDVI) for 2015, 2018, and 2021. The meteorological drought was assessed
using a standardized precipitation index (SPI 12) for the same years. The results showed
that the SPI-12 indicated near-normal drought types in 2015 and 2018, whereas SPI
values showed a lower value in 2021. Two drought categories were identified which
were moderate drought and severe drought. The NDVI results showed that the
vegetation area decreased in 2021 by 9 % in comparison to 2015. This result could help
the government planners to develop and manage the drought impacts.
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1. Introduction

Drought is one of the most complex but least understood all-natural hazards [1].
The increase in the world population, urbanization, climate changes, deforestation, and
desertification pushed drought to reach dimensions threatening society, the
environment, and countries. Droughts are closely related to the economy, health,
psychology, and society's trade. Although drought is increasing globally, its impact has
not been fully understood, and its effects have not been adequately evaluated. As a
natural consequence, a precise definition of drought cannot be made. Drought is one of
the most complex but least understood all-natural hazards [1]. The increase in the
world population, urbanization, climate changes, deforestation, and desertification
pushed drought to reach dimensions threatening society, the environment, and
countries. Droughts are closely related to the economy, health, psychology, and
society's trade. Although drought is increasing globally, its impact has not been fully
understood, and its effects have not been adequately evaluated.

Drought leads to water shortage in some environmental activities and sectors. The
drought impact depends on the relationship between precipitation deficiency and water
demand, as deteriorating environmental conditions are likely to exacerbate drought.
Inadequate drinking water and a lack of adequate sanitation in many areas will
continue to pose a growing challenge to the Iragi people if not dealt with sufficiently
[1]. Drought has wide spatial dimensions and thus can have severe implications for an
entire region's social and economic stability. It is not possible to avoid the drought.
However, drought preparedness and management of its effects can be developed. The
success of both depends, among other things, on how well droughts are identified and
drought characteristics are quantified [2]

There are various indicators to monitor meteorological drought, for instance,
Palmer Drought Severity Index, simple rainfall deviation from historical norms, and
SPI [3]. Recently, SPI has been considered widely used among several indicators due
to its computational simplicity and reliability [4]. The SPI estimates the drought in
countries to help the governments enhance the capacity and performance in drought
control. The SPI-3 (three months) is used for a short-term meteorological drought
assessment. The SPI-6 (six months) is used for agricultural drought assessment. The
SPI-12 (12 months) calculates the intermediate to long-term drought index, which
applies to hydrological drought applications [5]. Drought studies for various purposes
have been carried out in the world generally and Iraq especially, where meteorologists
work in predicting rainfall, temperature, humidity, evaporation, etc. in terms of
volumes regarding engineers of water resources, streams, groundwater, reservoirs, and
lakes; in terms of agricultural plants. Economists have studied drought in terms of
people's lives. In drought studies, it is necessary to know the length, volume, and
interval of common dehydration recurrence. Consequently, it is necessary to identify
drought characteristics, such as drought duration, severity, and area covered. Wilhite
and Glantz [6] studied drought phenomenology and preparedness for drought, while
McKee et al. [7] proposed the SPI to understand whether a lack of precipitation affects
groundwater, soil moisture, and stream flow.

Chen et al. [8] used the monthly SPI time series to calculate the duration and

severity of drought. lonita et al. [9] analyzed the spatiotemporal droughts variability in
Romania for five decades via a high-resolution dataset using SPI. Noureldeen et al.
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[10] evaluated the spatiotemporal drought in Sahelian Countries from 1985 to 2015
using the ground station and remote sensing data by applying multi-indexes like SPI,
SPEI, and VCI. The results showed that these indices are efficient for assessing the
impact of agricultural drought on crop production in the Sahel and identifying areas
most affected by drought. Karakani et al. [11] suggested an approach for identifying
Sustained Vegetation Cover (SVC) in the Middle East to identify the connection
between SVC and drought. They used Land Surface Temperature (LST) and
Normalized Difference Vegetation Index (NDVI) in their investigations to filter zones
of rich vegetation cover from poorly vegetated or non-vegetated regions of the Middle
East. They found that the most severe meteorological drought occurred in 2008. Jianxin
et al. [12] examine the future meteorological (SPI and SPEI), hydrological (SRI), and
agricultural (SSI) drought under two warming scenarios (SSP2-4.5 and SSP5-8.5).
Hameed et al. [13]compared the NVDA and NDVSI when measuring the vegetation
coverage for the Baghdad province. Abdul-Hammed and Mahdi [14] use the NDVI to
monitor the changes in the vegetation cover for Baghdad province. This study aims to
map and monitor the drought in Babel province- Iraq using NDVI based on Landsat 8
for the agriculture drought and SP1 based on rainfall data for mapping the metrological
drought. The results of this study could help government planners to develop and
manage the drought impacts.

2. The Methodology
2.1 Study Area

Babel province is one of the essential provinces of the Middle Euphrates of Iraq,
south of Baghdad. It has nearly two million people as a population, according to an
estimated report in 2014. The Babel lands are rising to about 35 m above sea level to
the south. It is dominated by a desert climate characterized by low rainfall and high
summer temperatures, which reach 50 m, and warm weather prevails in winter. The
Babel province is bordered from the north by Baghdad province, from the west by
Anbar and Karbala provinces to the east by Wasit province, then from the south by
Najaf and Qadisiya provinces to form an area of (5119 km?). It forms about 7.2% of the
country's area, 444,35 km?, Figure 1. Its population reached 2,217,4 people, according
to an estimation report in 2018, which is 5.7% of the total population of Irag, which
numbered 38,308,000 people [15]. The province consists of four districts, Hilla, Al-
Musayyab, Al-Mahaweel, and Al-Hashimiyah.

2.2 Dataset

Landsat-8 satellite images are considered one of the significant resources for
agriculture applications. The Landsat 8 is an imagery satellite launched by the United
States of America in 2013 that provides researchers with free images with multiple
bands that are updated every two weeks. In this study, Landsat-8 images were used
with a spatial resolution of 30 meters, as shown in Table 1.
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Figure 1: Map of the study area.

The SPI data can be calculated for any time scale for multiple monthly
accumulation periods [16]. The SPI data were downloaded from European Drought
Observatory (EDO) for five metrological stations to estimate the drought level. The
metrological station coordinates are shown in Table 2.
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Table 2: Metrological station coordinates for the study areas.
Name

Al Hashimiyah 44745776 32.155864

Al Hillah 44.352513 32.454874

Al Mahawil 44.453267 32.753883

Al Misiab 44.25176 32.552377

Mahmudiya 44.24526 32.857887

2.3 Normalized Difference Vegetation Index (NDVI)

The NDVI was proposed first in 1979 to estimate vegetation health and density
[17], where it became the most commonly used vegetation index [18]. NDVI is based
on the known plant's radiometric properties using visible and near-infrared radiation,
Eq. (2).

NDVI = (ANIR — ARED) / (ANIR + ARED) (1)

where Ayr IS band 5 (for Landsat 8), and Agrep IS band 4 (for Landsat 8).

2.4 SP1 Method

Since precipitation shows a significant variance in area and time, various drought
indices based on precipitation conditions were used to determine drought, including a
comparison between received rain and central slope measurements (average and
median), also using dispersion measurements, standard deviation range, characteristics
of wet-drought periods, in addition to using of precipitation limitations related to the
sensitive levels of some known system’s water necessities [19]. The SPI method has
been used for observing droughts in recent years, which was invented by Mckee et al.
[7], which is very easy to apply because it depends on the precipitation factor, which is
flexible for measuring droughts of several duration.
Standardized precipitation series for any X1, X2...., Xn precipitation time series, Xi, is

calculated using the equation 2:
Xi— x
Xi = — (2)

Sx

Where Xi represents the arithmetic average of the series and Sx represents the
standard deviation of the series.

Different timeframes, such as 1, 3, 6, 9, 12, 24, and 48 months, were set to
observe the general changes in indices while considering the effects of precipitation.
Subjective reasoning, such as how long a deficiency in precipitation would take to
create a visible effect on the usable water sources, was used to determine the
timescales. For instance, while any decrease in the precipitation in any given month
could affect soil moisture in a relatively short time (1-3 months), it takes a considerably
long time to affect the underground waters and rivers (3-6 months) [20]. A negative
value on a drought assessment using SPI values shows precipitation deficiencies or
drought periods, while a positive value shows a surplus in precipitation. The
researchers made individual drought classifications for different SPI ranges, Table 3.
Drought intensity determination for various SPI ranges is vital for drought analysis and
observation examinations. The SPI is a method that uses the precipitation data to
determine the start, increase in intensity, and end of a drought in a region, meaning that
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it produces very beneficial results based on the precipitation data to produce the most
critical variables of a drought: duration, magnitude, and intensity.

Table 3: The SPI drought categories [21]

SPI1 Value Category

=2 Extremely-wet
1.55-1.99 Very-wet
1.0-1.49 Moderately-wet
-0.99-0.99 Near-normal
-1.00--1.49 Moderately-dry
-1.5--1.99 Severely-dry
<-2 Extremely-dry

3. Results and Discussion
3.1 Agriculture Drought

The satellite images of Landsat-8 for April were used to compute the NDVI values
for 2015, 2018, and 2021; Figure 2 shows the NDVI raster for the three studied years.
The spatiotemporal analysis showed the change due to drought. For NDVI images, the
brown color showed unhealthy and drought areas, whereas the green color showed
healthy and wet vegetation areas [22] . Only positive values were taken in to count to
classify the image. The vegetation data were extracted as shown in Figure 3, where
each year's area and percentage for the vegetation class were calculated. The results
showed that the vegetation area decreased in 2021 by 9 % more than in 2015, Table 4.
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Figure 2: NDVI raster for the years (A) 2021; (B) 2018; and (C) 2015
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Figure 3: Extracted vegetation based on NDVI results, (A) 2021, (B) 2018, and (C)
2015.

Table 4: The area and percentage of the vegetation class
Year Percentage

2021
2018
2015

Total Study Area

3.2Metrological Drought

The SPI data values for 2015, 2018, and 2021 were analyzed, then the data was
used to identify the drought categories during 2015, 2018, and 2021 as shown in Figure
4. The SPI values showed a lower value in 2021, and two drought categories were
identified: moderate drought and severe drought, whereas, in 2015 and 2018, SPI
values were higher than 2021; according to the SPI typical rang, this value is
considered near normal 2021, as shown in Table 5.
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Table 5: The SPI value and drought categories for 2015, 2018, and 2021
Catego
ry

SPI
1
0.5 I
, mm H_ H_ _ ||
Al Hashi Al Hill Al Maha Al Misi Mahmu
-0.5
-1
-1.5
-2
-2.5

ESPI 2015 mSPI2018 mSPI2021

Figure 4: The SPI 12 values for the five stations for 2015, 2018, and 2021.
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4. Conclusion

The study aimed to monitor the drought in Babel province/ Iraq using NDVI based
on Landsat-8 for the agricultural drought and SPI based on rainfall data for mapping
the metrological drought. Remote sensing data could be used successfully to improve
drought monitoring. Due to climate change, weather patterns are changing daily;
drought is widespread in the study area due to less rainfall and water scarcity. It could
be noticed that there is a positive correlation between the metrological and agricultural
drought in the study area. The SPI values in 2021 were negative in areas with less
vegetation. The 12-month SPI results indicated drought of the near-normal type in
2015 and 2018, while in 2021, the lower SPI value was recorded at -1.88 in Al Misiab
station, which refers to severely dry. Finally, after extracting the vegetation class, the
percentage of area for the vegetation was calculated for each year to determine the
change in vegetation cover. The results showed that the vegetation area decreased in
2021 by 9 % than 2015.
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