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ABSTRACT

Iraq has experienced record-breaking temperatures, making it one of the hottest places on Earth. It is also ranked
among the world’s top five most climate-vulnerable nations. Climate change is a hazard to Iraq’s people and may
cause societal disintegration, instability, and displacement. Therefore, it is important to assess Iraq’s decadal climate
and landform variables analysis. In the present study, the Climate Hazards Center InfraRed Precipitation with Station
(CHIRPS) data in the Google Earth Engine (GEE) platform from 2000 to 2022, as well as rainfall, anomaly, temperature,
vegetation, and water, are used to analyse climate change in Iraq. As the land surface temperature (LST) rose by 2.63 °C,
the data show that rainfall dropped by 61.45 mm in just 22 years of observation and by 2.79 mm yearly. Additionally,
some urban expansion and climatic change have reduced the areas of water bodies and vegetation. The correlation
matrix shows a higher negative association between the vegetation and LST indices, with R2 values of −0.58 (2022),
−0.56 (2006), −0.60 (2012), −0.55 (2016), and −0.59 (2000), respectively. Iraq, extremely sensitive to climate change,
is implementing several adaptation measures, including early warning systems, reforestation and mangrove planting,
water management, a national adaptation plan (NAP), and a reforestation program. Due to vulnerabilities in vital areas
including water, agriculture, health, and natural resources, Iraq is prioritizing adaptation to climate change.

Keywords: CHIRPS data, Climate change, Precipitation, Temperature, Iraq

1. Introduction

Intergovernmental Panels on Climate Change
(IPCC) scenarios, both regional and global, depend on
the results produced by General Circulation Models
(GCMs). To forecast how global warming would affect
both natural and human systems, they are regarded as
crucial instruments [1]. Depending on their physical
foundation and experimental connections, GCMs are
mathematical representations of the weather, seas,
and surface processes. That being said, their poor
(course) resolution limits their capacity to preserve

the spatial information of climatic variables needed
at a local or regional level. One of the Middle Eastern
nations most impacted by climate change and global
warming is said to be Iraq [2].

The impacts of climate change on Iraq have been
analysed in several studies, highlighting critical vul-
nerabilities in water resources, agriculture, and social
stability. Researcher emphasizes that declining flows
in the Tigris and Euphrates rivers, compounded by
rising temperatures, are causing severe water short-
ages and salinity issues, directly threatening Iraq’s
agricultural productivity [3]. Similarly, reports by
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the United Nations Environment Programme (UNEP)
identify Iraq as one of the world’s most climate-
vulnerable nations, with increasing temperatures and
desertification exacerbating food insecurity and dis-
placement risks.

Studies on the impacts of climate change on Iraq’s
rainfall and temperature reveal significant shifts in
climatic patterns, threatening its ecosystems and
livelihoods. Researcher highlights a marked temper-
ature increase over recent decades, with projections
indicating continued warming, particularly in south-
ern Iraq [3]. These rising temperatures exacerbate
evaporation rates, further stressing already scarce wa-
ter resources. A study shows that rainfall patterns
have become increasingly erratic, with reduced pre-
cipitation in key agricultural areas contributing to
prolonged droughts [4]. The UNEP also underscores
that these changes in rainfall and temperature have
led to declining river flows, intensifying water short-
ages, and desertification [5]. Collectively, this body
of research illustrates the urgency for Iraq to adopt
robust climate adaptation measures, particularly in
managing water resources and mitigating agricultural
risks.

Sandstorms and desertification are rising, and ex-
treme climatic events are occurring more frequently
and with greater intensity. It is clearer how temper-
ature, water demand, and rainfall are affected by
regional climate change. Thus, it is now crucial to
investigate the spatial-temporal aspects of local and
regional climate change and how it affects adapta-
tion. Iraq ranks 33rd out of 220 nations in terms
of global emissions rankings, accounting for about
0.63% of global greenhouse gas (GHG) emissions [6].
According to the ND-Gain Index, Iraq is the least sus-
ceptible nation in terms of climate sensitivity, coming
in at number 101 out of 182 [7]. Iraq has seen a
decline in groundwater, particularly in arid regions,
and the retreat of its major rivers and dam reservoirs
resulting in the country’s recent general rainfall fluc-
tuations. There have been a lot of studies done to
determine groundwater recharge in various parts of
Iraq [8].

Due to the dry and semi-arid conditions of the
Middle East, which would experience a lack of water
if temperatures increase significantly and precipita-
tion decreases, the region is thought to be among
those most affected by global climate change [9].
Iraq is thought to be among the most climate change-
vulnerable countries in the region [10]. As a result, it
will have to deal with environmental problems such
as a shortage of readily available water, population
growth, and the resulting demand for water as well
as rising temperatures. This will also be made worse
by a rise in extreme weather occurrences that harm

the country’s ecosystem. Recent studies by several
scholars have addressed this particular combination
of conditions in Iraq and other neighbouring Middle
Eastern countries, including Turkey, Saudi Arabia,
Iran, and Syria [11, 12]. Several arid regions will
see a 10–30% reduction in runoff resulting in the
anticipated drop in rainfall and increased evaporation
rates. It is predicted that global warming will per-
sist throughout this century across all representative
concentration pathways (RCPs) as a result of rising
greenhouse gas emissions (GHG) brought on by hu-
man activity, the burning of fossil fuels, and changes
in land use [13]. Unfortunately, the country’s semi-
arid environment puts it at considerable risk from the
effects of climate change [14]. Iraq ranks sixth glob-
ally in terms of vulnerability to the effects of climate
change, according to the United Nations Environment
Program [15]. However, the future trends of climate
change and their implications for Iraq’s PV generation
capacity have received very little attention until this
point. The purpose of this study is to evaluate how
local climate patterns are affected by climate change
and the threats that these patterns pose to Iraq’s
future PV potential. The findings may help discern
the potential hazards of PV module deterioration and
failure, directing the creation of appropriate material
choices and more potent technological fixes.

Increases in greenhouse gas emissions caused varia-
tions in average precipitation and evaporation, which
had a substantial effect on Iraq’s water balance. Issues
with water distribution and ownership will undoubt-
edly worsen as a result of climate change [16]. One
of the countries which is the most vulnerable to the
physical and economic impacts of climate change can
be described (or defined, explained) as Iraq [17].
Iraq ranks sixth globally in terms of vulnerability
to the consequences of climate change, according to
the UNEP [18]. Drought, desertification, heat waves,
increasing temperatures, and sea level rise are some
of the recent effects of climate change observed in
Iraq. Forecasting the future of Earth’s climate is
the most popular use of climate models. The US
Geological Survey and the University of California,
Santa Barbara’s Climate Hazards Group (CHG) col-
laborate to create CHIRPS v2.0 [19]. Indexes that
are crucial for early warning of climate fluctuation,
such as the Normalized Difference Vegetation Index
(NDVI) and the Normalized Difference Water Index
(NDWI), might accurately capture the total impact
of temperature and rainfall variance. Spatial infor-
mation on the amount of water and vegetation on
the ground is provided by the Moderate Resolution
Imaging Spectroradiometer (MODIS) satellite series
pictures. To determine the climatic fluctuation from
2000 to 2022, the current study used land surface
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Fig. 1. Study location of Iraq with LST and rainfall in the year 2022.

temperature (LST), rainfall, anomaly, evapotranspi-
ration (ET), and geospatial indicators. For future
planning, management, and the creation of innova-
tive adaption techniques, planners, climate scientists,
legislators, and other stakeholders can benefit from
this study.

2. Study area

The Middle Eastern nation of Iraq contains both
semi-arid and desert regions. The southern portion
of Iraq has seen the highest temperatures in recent
years, making it one of the world’s hottest locations.
The coldest month is January as usual. August is the
warmest month with temperatures of at least 45 °C,
with the lowest temperatures between 5 °C and 10
°C. The rainy season, which lasts until May, begins
in October. Particularly in the studied region, the
agricultural sector is one of the most vital resources
that the nation depends on (Fig. 1). The satellite
data used in this study was reliant on a trustwor-
thy alternative source, which was the Prediction of
Worldwide Energy Resource (NASA-POWER) dataset.
In general, Iraq may be divided into four climatic
zones. About 21% of the land area is in Region I,
which has a climate typical of the Mediterranean
region with mountains in the north and northeast. Re-
gion II: The south and west portions of the submerged
zone, which make up around 9.6% of the entire land
area, have the steppe’s climate. Nearly 30.2% of the
total land is in Region III, which has a subtropical
climate in the central and southern Mesopotamian

Plain areas. Finally, the area is area IV: The conti-
nental desert climate is found in the western parts of
the area, which make up around 39.2% of the entire
region [20]. Extreme temperatures and a broad daily
and yearly thermal range define Iraq’s climate since
no bodies of water to soften the winter’s cold and the
summer’s heat (http://moen.gov.iq/). Iraq has arid
conditions in the majority of its central and southern
regions, with annual rainfall of less than 400 mm,
and semi-arid conditions in its northern regions [21].
Consequently, Iraq is situated inside the decertified
regions [22].

3. Materials and methods

3.1. Data used

To analyse climate indicators, the GEE platform
was used to calculate the annual mean rainfall and
rainfall anomaly using the CHIRPS Pentad dataset
(UCSB-CHG/CHIRPS/PENTAD). This study used the
MODIS datasets, namely the MODIS/061/MOD11A2
dataset, using the Google Earth Engine (GEE) plat-
form to assess the geographical and temporal patterns
of temperature variance (Fig. 2).

3.2. Rainfall and anomaly

The hydrological cycle depends heavily on rainfall,
which also has a wide range of cultural effects on
people, including agricultural activities [23], vege-
tation phenology [24], hydropower generation [25],

http://moen.gov.iq/
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Fig. 2. Adopted methodology of the climate variation analysis in Iraq from 2000 to 2022.

and the biodiversity’s continued existence. It is well
acknowledged that the seasonal and yearly patterns
of rainfall, along with its spatial distribution, have
been impacted by recent climate change. One month
before each image was taken from the Climate Haz-
ards Group InfraRed Precipitation with Station Data
(CHIRPS) collection, a survey was conducted to con-
firm the impact of precipitation on the study locations
[26]. Within the 50 °S and 50 °N zones, all longitudes
are included in the CHIRPS products. In CHIRPS,
satellite imagery and indoor climatology are com-
bined with a daily precipitation record spanning over
35 years, from 1981 to the present, with a spatial
resolution of 0.05 × 0.05 ° (5.55 × 5.55 km). The
NEB has properly validated the data from CHIRPS
[27]. The CHIRPS gridded daily rainfall output is
noteworthy since it combines satellite and observed
rainfall and has a long record span free of systematic
bias.

3.3. LST calculation

Calculations based on satellite imagery and remote
sensing data are examples of analytical steps. To com-
pute and handle data, we utilized the cloud comput-
ing platform GEE. LST was determined using MODIS
images. Environmental parameter (soil, biological,
and atmospheric) data is available in the GEE raster li-
brary at many time scales (https://developers.google.
com/earth-engine/datasets/catalog/). Each dataset’s
monthly and annual mean values were calculated
for analysis and display. Calculations for LST were

performed.

Ts =
BT{

1+
[
λBT
ρ

]
· ln ε

} − 273.15 (1)

Here, BT represents At-sensor brightness tempera-
ture, λ = The wavelength of emitted radiance, ρ =
1.438× 10−2mK, ε represents Land surface emissiv-
ity [28]. The monthly LST statistics were created by
averaging 8-D pictures throughout a given month.
The “SummaryQA” and “QC_day” flags of MOD13Q1
and MOD11A2 pixel reliability bands were utilized
to exclude or determine the weight of cloud-affected
pixels before data reconstruction. No additional ge-
ometric or radiometric adjustments were made; the
MOD13Q1 and MOD11A2 data layers were used pre-
cisely as provided [29].

3.4. Geospatial indices

The planet’s surface vegetation is its most sig-
nificant characteristic as it regulates temperature
fluctuations, surface runoff, infiltration rates, drought
control, and water levels throughout the land sur-
face [30]. Urbanization is increasing evapotranspira-
tion, causing temperature fluctuations, and causing
droughts in many areas by causing vegetation to
disappear [31]. This study calculates the NDVI [32]
and NDWI [33] for vegetation and water value
fluctuation.

https://developers.google.com/earth-engine/datasets/catalog/
https://developers.google.com/earth-engine/datasets/catalog/
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Fig. 3. Yearly mean Rainfall variation in Iraq from 2000 to 2022 with CHIRPS data.

3.5. Evapotranspiration

Researchers may upload a shape file and execute
a script to use MODIS and Google Earth Engine
to compute evapotranspiration (ET). A time series
of the monthly mean daily ET for six internation-
ally accessible ET products will be generated by the
script. A 500-meter pixel resolution composite output
that takes 8 days to complete. It uses the Penman-
Monteith equation with inputs from MOD16A2.061,
including dynamics of plant properties, albedo, and
land cover. Together, evaporation and plant transpi-
ration from the Earth’s surface to the atmosphere
make up evapotranspiration. The impacts of land use,
ecological disturbances, and climate change may all
be measured with the use of long-term ET data.

4. Modeling result and discussion

4.1. Rainfall and anomaly

The rainfall variation in Iraq is calculated through
CHIRPS data and the GEE platform where five years
like 2000, 2006, 2012, 2016, and 2022 are taken. The
result indicates that year-wise high rainfall is 238.26
mm (2000), 223.19 mm (2006), 228.82 mm (2012),
300.18 mm (2016), and 176.81 mm (2022), respec-
tively (Fig. 3). In the year 2016, received high rainfall
and an average of 61.45 mm of rainfall decreased

throughout the study years and annually decreased by
2.79 mm. Similarly. Rainfall anomaly recorded 13.93
(2000), 18.20 (2006), 14.76 (2012), 17.96 (2016),
and 12.94 (2022), respectively (Fig. 4). Variability
in Iraq’s rainfall patterns may have a big influence
on the nation’s general stability, water supply, and
agricultural production. Iraq suffers from persistent
water scarcity as a result of poor rainfall and sig-
nificant unpredictability. This issue is made worse
by excessive usage, poor water resource manage-
ment, and reliance on river flows (the Tigris and
Euphrates) that come from nearby nations like Syria
and Turkey [4]. Agricultural production has signifi-
cantly decreased, desertification has developed, and
rural populations have been displaced resulting in fre-
quent droughts. In addition to affecting food security,
drought may lead to unstable economies. Weather
patterns are becoming more intense due to climate
change, which is increasing the frequency of heavy
rainfall events and extending droughts. Water man-
agement and agricultural planning are made more
difficult by this uncertainty. An important source of
income for many people in northern Iraq is rain-fed
agriculture, which is impacted by rainfall fluctua-
tions [34]. Unpredictable rainfall can impact the
nation’s food supply by causing crop failures and
output reductions. Iraq has been investigated the
diverse ways to improve water storage capabilities,
update antiquated infrastructure, and implemented
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Fig. 4. Yearly mean Anomaly variation in Iraq from 2000 to 2022 with CHIRPS data.

more effective irrigation methods. There’s a grow-
ing focus on sustainable water management. Iraq
constructed dams and reservoirs to control its lim-
ited water supplies. However, these solutions are
frequently constrained by financial, political, and
technological issues. The rain in Iraq has influenced
on Iraq’s water availability, agricultural productivity,
and general socioeconomic stability significantly. Re-
solving the issues related to rainfall unpredictability
would need improved water management techniques,
infrastructure spending, global collaboration, and cli-
mate change adaptation [35].

4.2. LST analysis

The surface temperature increased in the south,
and western parts of Iraq and increased by 2.63 °C
throughout the study periods and 0.12 °C annually.
The highest LST of the study years observed like 44.99
°C (2000), 46.04 °C (2006), 45.77 °C (2012), 45.89 °C
(2012), and 47.62 °C (2022), respectively (Fig. 5). An
essential metric for assessing climate, land use, and
environmental conditions in Iraq is the land surface
temperature (LST). Depending on the kind of soil,
vegetation cover, urbanization, and season, the tem-
perature of the land’s surface, which is measured by
LST, can vary greatly. LST is associated with several
environmental, social, and economic problems in Iraq
and has unique features [36]. High LST causes heat

stress, which is harmful to the health of susceptible
groups, including children, the elderly, and outdoor
labourers. Climate change is making heat waves more
often and powerful, which raises the risk of heat-
related diseases. Increased LST has an impact on crop
growth, evaporation rates, and soil moisture content.
High temperatures can lower agricultural production,
especially for heat-sensitive crops like barley and
wheat. Restoring vegetation and planting trees can re-
duce LST by increasing evapotranspiration and shade.
These initiatives can also help fight desertification.
Cities may lessen the Urban Heat Island (UHI) ef-
fect by including green roofs, urban parks, and green
corridors. Reflective materials, shade, and more veg-
etation can all help reduce excessive LST [37]. Drip
irrigation and rainwater collection are two examples
of water-saving methods that may be used to reduce
surface temperatures and preserve soil moisture, es-
pecially in agricultural areas. Reducing the need for
conventional cooling techniques and lowering total
energy usage in response to warming temperatures
can be achieved by investing in renewable energy
sources like solar and wind. An important problem in
Iraq is the rising LST, which affects urban life, agri-
culture, water resources, and health [38]. To offset
the consequences of high LST and ensure sustain-
able development, a mix of adaptive methods such
as forestry, water management, urban design, and
renewable energy production are needed to address
these concerns.
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Fig. 5. Yearly mean LST variation in Iraq from 2000 to 2022 with MODIS data.

4.3. Geospatial indices analysis

The NDVI values fluctuate because of rainfall infras-
tructural development and urbanisation. Observed

NDVI highest values are 0.95 (2000), 0.97 (2006),
0.98 (2012), 0.95 (2016), and 0.94 (2022), respec-
tively (Fig. 6). The vegetation is only observed in the
middle and northern parts of Iraq and mainly in the

Fig. 6. Yearly mean NDVI variation in Iraq from 2000 to 2022 with MODIS data.
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Fig. 7. Yearly mean NDWI variation in Iraq from 2000 to 2022 with MODIS data.

riverside of Iraq. Similarly, NDWI values are observed
in the major reservoir and main river sides. The
observed values are 0.35 (2000), 0.37 (2006), 0.32
(2012), 0.39 (2016), and 0.33 (2022), respectively
(Fig. 7). An essential component of comprehending
Iraq’s environmental circumstances is the interplay
of plant, water, and LST [39]. Agriculture, water
availability, and the environment are all impacted
by the vital roles that vegetation and water bodies
play in controlling LST. The cooling of the surface is
mostly attributed to vegetation, including grasslands,
woods, and crops. Evapotranspiration is the process
by which plants release moisture into the atmosphere,
therefore reducing the ambient temperature [40]. In
general, densely vegetated regions have lower LST
than urban or arid ones. Better rainfall and steep
terrain in northern Iraq have increased vegetation,
which results in comparatively lower LST. The LST
is greater in the central and southern areas, which
are drier and have less vegetation. Seasonal variations
in the LST can occur around bodies of water. Water
bodies may help temper the cold in the winter and
reduce excessive heat in the summer. LST in neigh-
bouring areas of Iraq is significantly influenced by the
Tigris and Euphrates rivers as well as reservoirs [41].
Reduced plant cover due to deforestation and soil
degradation has led to higher LST in several places.
Loss of vegetation, especially in southern Iraq, causes
desertification, lowers soil fertility, and promotes soil
erosion. Higher evaporation rates from water bodies

caused by increased LST limit the amount of water
available for industrial, drinking, and agricultural
purposes. Additionally, this may result in decreased
reservoir water levels, which might impact irrigation
and hydroelectric power production. Plant and ani-
mal species sensitive to temperature fluctuations may
become less common resulting in habitat changes
brought on by rising temperatures. Ecosystem sta-
bility and agricultural resilience may be impacted
by biodiversity loss. Iraq’s land surface temperature
is significantly regulated by vegetation and water.
However, increasing LST has far-reaching effects on
agriculture, water resources, human health, and bio-
diversity, and it is a result of deforestation, water
shortages, climate change, and urbanization. For Iraq
to have a more sustainable future and lessen the
effects of high LST, effective management of water
resources, forestry, sustainable agriculture, and urban
planning will be crucial.

4.4. Evapotranspiration measurement

A crucial process in Iraq’s hydrological and biolog-
ical systems, evapotranspiration (ET) affects climate,
water availability, and agriculture. It symbolizes the
total amount of water lost from the surface result-
ing in transpiration (the release of water vapor from
plants) and evaporation (the movement of water from
soil, water bodies, and surfaces from liquid to va-
por). The ET values are observed at 110.80 (2000),
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Fig. 8. Yearly mean ET variation in Iraq from 2000 to 2022 with MODIS data.

301.15 (2006), 138.46 (2012), 318.09 (2016), and
297.58 (2022), respectively (Fig. 8). The ET increased
186.78 throughout the study periods, and 8.49 annu-
ally. The main climates of Iraq are dry and semi-arid,
especially in the central and southern parts of the
country [40]. In this case, higher evapotranspiration
rates are caused by high temperatures. As a result,
soil moisture is decreased and the amount of water
that is accessible is impacted. A considerable amount
of water is lost to the atmosphere. In Iraq, evapo-
transpiration rates change with the seasons. ET peaks
from June to September, when temperatures are high
and the sun is shining brightly. The ET rates are
lower during the winter months of November through
February, however, because of the lower tempera-
tures. Iraq’s water shortage is largely caused by high
ET. Freshwater availability is impacted by the rapid
loss of moisture from soil and water bodies, which
affects industrial usage, drinking water supply, and
irrigation. High ET puts a burden on the nation’s wa-
ter resources by raising agricultural water demands.
Ineffective irrigation systems make water loss worse,
which reduces agricultural yields and raises farmer
expenses. High ET exacerbates water competition,
particularly in areas reliant on shared water supplies
such as the Euphrates and Tigris rivers. This may
result in disagreements between upstream and down-
stream areas as well as across sectors (households,
industry, and agriculture). Iraq faces a serious prob-

lem with evapotranspiration, which has an impact
on agriculture, the environment, and water supply.
High ET rates worsen water shortages and lead to
soil damage because of the nation’s hot tempera-
ture and little rainfall [42]. Increased plant cover to
lessen the effects of high ET, better irrigation, sustain-
able farming methods, and better water management
are all necessary for adapting to these conditions.
These actions will be essential to guaranteeing Iraq’s
long-term environmental sustainability, water secu-
rity, and agricultural production.

In addition to the growing effects of climate change,
Iraq’s population is expected to exceed 80 million
by 2050, and the nation’s resources are depleting.
As a result of temperatures by rising almost seven
times faster than the world average in Iraq, wa-
ter levels are being lowered by severe evaporation.
With the Tigris and Euphrates rivers’ water levels
expected to drop by at least 30% and possibly as
much as 70% by the end of the century, long-term
resource management planning is required, especially
in agricultural regions [43]. With rising temperature,
altered climatic patterns, and catastrophic weather
events, Iraq is suffering greatly as a result of climate
change. Actually, according to some estimates, Iraq is
the fifth most climate-vulnerable nation in the world.
During the past 40 years, the Euphrates and Tigris
rivers, which supply up to 98% of Iraq’s surface water,
have drastically reduced their water flows by 30–40%
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[44]. Regretfully, Iraq has been suffered from low
rainfall levels nationwide, with 2022 being the sec-
ond year in a row below-average rainfall. The mean
annual rainfall is predicted to keep declining, which
will exacerbate desertification and water scarcity. In
Iraq, riparian ecosystems flourish along the Tigris and
Euphrates rivers, while the middle areas are home
to grasslands and steppe flora, temperate forests and
woods, and scant desert plants in the south [45].

Heat is expected to rise by 2–4 °C by 2050,
worsening desertification, food insecurity, and so-
cial instability in Iraq. The country is already facing
significant climate change effects, such as droughts,
increasing heat, and water scarcity [46]. Except for
the mountainous areas in the north and northeast,
which have a Mediterranean climate, Iraq primar-
ily experiences continental and subtropical semi-arid
weather. In general, the nation sees dry summers with
temperature swings between hot and severely hot,
and winters that alternate between cool and cold. The
majority of Iraq has seasonal rainfall from December
to February during the winter months, except in the
north and northeast, where the rainy season lasts
from November to April. Sharqi, dry dust winds from
the south and southeast that affect the nation from
April to June and September to November, also have
an impact on the climate. Significant surface warming
is another effect of the north and northwest Shamal
Winds on the climate. The current analysis indicates
that the observed growing trends in Potential ET

(PET) are expected to result in higher atmospheric
evaporative loss, which in turn is anticipated to re-
sult in a significant rise in agricultural water demand
and irrigation needs. A scientific reference for sus-
tainable agriculture, precise hydrometeorology, and
integrated water resources management in Iraq, the
findings also provide a profound understanding of
the intricate relationship between PET and its main
climatic drivers in the area [40].

5. Correlation matrix analysis

The six climate and landforms variables are used for
correlation analysis from 2000 to 2022. The rainfall
and anomaly recorded a strong positive correlation
and the R2 values are 0.92 (2000), 0.86 (2006), 0.72
(2012), 0.76 (2016), and 0.69 (2022), respectively
(Fig. 9). Similarly, rainfall and ET observed a strong
positive correlation and the R2 values are 0.60, 0.87,
0.72, 0.80, and 0.67 respectively. The LST with NDVI
and NDWI R2 values are observed strongly negative
while NDVI and NDWI have a positive correlation.
In Iraq, the relationship between rainfall, tempera-
ture, vegetation, and water resources is intricate, with
one element having a major impact on the others.
It is crucial to comprehend the relationships among
these factors to manage Iraq’s natural resources,
agriculture, and environment as a whole. In Iraq, tem-
perature and precipitation typically have an inverse

Fig. 9. Year-wise correlation matrix analysis in Iraq’s different climate and landforms variables from 2000 to 2021.
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Fig. 9. Continued.

relationship. Temperatures are at their highest and
rainfall is either very little or non-existent during the
sweltering summer months, particularly in the central
and southern areas. On the other hand, particularly
in the northern and mountainous regions, wintertime
brings lower temperatures and more rainfall. In Iraq,
the amount of vegetation and rainfall are strongly

positively correlated. Increased rainfall causes more
vegetation to flourish, especially in the northern areas
with a Mediterranean climate [47]. Mediterranean
climate. By promoting agriculture, woodlands, and
pastures, this improves the growing environment for
plants. In Iraq, the development of the vegetation is
seasonal, increasing from November to April during
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Fig. 9. Continued.

the rainy season and decreasing from May to October
during the dry season [36]. The scant vegetation in
dry and semi-arid regions, where rainfall is scarce,
has evolved to withstand low water levels. Iraq’s
vegetation suffers from exceptionally high tempera-
tures, particularly during the summer. In addition to
limiting crop development, excessive heat can create

water stress in plants and decrease photosynthesis.
Additionally, evapotranspiration rises with high tem-
peratures, causing the soil to lose moisture more
quickly. Rainfall has a direct impact on the amount
of water available in Iraq’s aquifers, lakes, reservoirs,
and rivers. More precipitation during the rainy sea-
son encourages river flows, raises groundwater levels,
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and replenishes reservoirs. Water shortage is made
worse by decreasing water levels during dry spells
due to less rainfall. Rainfall, temperature, vegetation,
and water resources are all closely related in Iraq
[48]. Modifications to one element frequently have
a domino effect on the others, impacting water secu-
rity, agriculture, and the ecosystem as a whole. To
preserve the natural balance in the area, guarantee
food and water security, and adapt to the difficulties
presented by climate change, sustainable manage-
ment of these factors is essential.

6. Conclusion

Iraq has several pressing issues, including climate
change, and is among the top five countries in the
world for susceptibility to its impacts. Iraq has to
act now to adapt to and lessen the consequences
of climate change, especially because the NDC was
adopted in 2021 and there are ambitious plans to im-
plement its provisions until 2030 with international
and local funding. The current study’s results will
help policymakers integrate it into national initiatives
to dismantle social barriers, promote growth oppor-
tunities, especially in southern Iraq, evaluate risks,
and offer guidance for the future management of
the most destitute and impoverished areas. Iraq needs
help from other countries to combat climate change.
Cooperation with international organizations, nearby
nations, and regional projects will make sharing
information, transferring technology, and finding fi-
nancing possibilities easier. To estimate changes in
temperature, precipitation, and other variables and
ascertain the future implications of climate change
over Iraq until the end of the present century, it is
recommended that future research examine CMIP6
scenarios and assumptions. Iraq’s adaptation plans
for climate change demand urgent consideration and
teamwork. These actions will guarantee sustainable
development, lessen the effects of climate change,
and increase Iraqi communities’ resilience. Iraq’s re-
sponse to climate change will need perseverance,
creativity, and teamwork. A sustainable future for
Iraq’s people, economy, and environment can be
guaranteed by giving climate resilience priority.

References

1. I. IPCC-WG, “Climate Change 2000,” Third Assessment Report
2001.

2. N. Adamo, N. Al-Ansari, V. K. Sissakian, S. Knutsson, and J.
Laue, “Climate change: Consequences on Iraq’s environment,”
J. earth Sci. Geotech. Eng., vol. 8, pp. 43–58, 2018.

3. N. Al-Ansari, “Topography and climate of Iraq,” J. Earth Sci.
Geotech. Eng., pp. 1–13, 2020. doi: 10.47260/jesge/1121.

4. S. A. Salman, S. Shahid, T. Ismail, K. Ahmed, E.-S. Chung, and
X.-J. Wang, “Characteristics of annual and seasonal trends of
rainfall and temperature in Iraq,” Asia-Pacific J. Atmos. Sci.,
pp. 1–10, 2019.

5. UNEP “For people and planet: The UNEP strategy for 2022–
2025”, 2021.

6. P. Amoatey, et al. “Characterization and exposure assessment
to urban air toxics across middle eastern and north African
countries: A review,” Environ. Monit. Assess, vol. 193, pp. 1–
29, 2021.

7. H. Buhaug and N. Von Uexkull, “Vicious circles: Violence, vul-
nerability, and climate change,” Annu. Rev. Environ. Resour.,
vol. 46, pp. 545–568, 2021.

8. W. H. Hassan, H. H. Hussein, and B. K. Nile, “The effect
of climate change on groundwater recharge in unconfined
aquifers in the western desert of Iraq,” Groundw. Sustain. Dev.,
vol. 16, p. 100700, 2022.

9. S. A. Salman, S. Shahid, H. A. Afan, M. S. Shiru, N. Al-Ansari,
and Z. M. Yaseen, “Changes in climatic water availability and
crop water demand for Iraq region,” Sustainability, vol. 12,
p. 3437, 2020.

10. W. H. Hassan and B. K. Nile, “Climate change and predicting
future temperature in Iraq using CanESM2 and HadCM3 mod-
eling,” Model. Earth Syst. Environ., vol. 7, pp. 737–748, 2021.

11. S. A. Mohammed and R. Q. Fallah, “Climate change indica-
tors in AlSheikh-Badr Basin (Syria),” Geogr. Environ. Sustain.,
vol. 12, pp. 87–96, 2019.

12. M. Abbasnia and H. Toros, “Analysis of long-term changes
in extreme climatic indices: A case study of the mediter-
ranean climate, Marmara Region, Turkey,” Meteorol. Climatol.
Mediterr. Black Seas, pp. 141–153, 2019.

13. E. Guilyardi, et al. IPCC Special Report “Global Warming of 1.5
C”: Summary for Teachers, 2018.

14. A. M. El Kenawy, “Hydroclimatic extremes in arid and
semi-arid regions: Status, challenges, and future outlook,” In
Hydroclimatic Extremes in the Middle East and North Africa;
Elsevier, pp. 1–22, 2024.

15. UNEP GEO-6 Regional Assessment for West Asia 2016.
16. N. Al-Ansari, S. AlJawad, N. Adamo, V. K. Sissakian, J.

Laue, and S. Knutsson, “Water quality within the Tigris and
Euphrates catchments,” J. Earth Sci. Geotech. Eng., vol. 8,
pp. 95–121, 2018.

17. W. Bank, “Turn down the heat: Climate extremes, regional
impacts, and the case for resilience,” 2013.

18. UNEP Freshwater Strategic Priorities 2022–2025, 2022.
19. L. Bangsawan, M. C. Satriagasa, and S. Bahri, “Improved

performance of the CHIRPS monthly rainfall estimation ex-
traction from Google Earth Engine (GEE) platform in South
Sulawesi Region.” In Proceedings of the IOP Conference
Series: Earth and Environmental Science; IOP Publishing,
Vol. 893, p. 12057, 2021.

20. F. K. Bishay, “Towards sustainable agricultural development
in Iraq. The transition from relief, rehabilitation and recon-
struction to development,” 2003.

21. S. A. Salman, et al. “Projection of agricultural water stress
for climate change scenarios: A regional case study of Iraq,”
Agriculture, vol. 11, p. 1288, 2021.

22. A. M. Hegazi, M. Y. Afifi, M. A. El Shorbagy, A. A. Elwan,
and S. El-Demerdashe, “Egyptian national action program to
combat desertification,” Arab Repub. Egypt, Minist. Agric. L.
Reclamation, UNCCD, Desert Res. Centre, p. 128p, 2005.

23. A.-U.-K. Tahir, et al. “Farmers’ perception and efficacy of
adaptation decisions to climate change,” Agron. 2022, vol. 12,
p. 1023, 2022. doi: 10.3390/agronomy12051023.

https://doi.org/10.47260/jesge/1121
https://doi.org/10.3390/agronomy12051023


AUIQ TECHNICAL ENGINEERING SCIENCE 2024;1:42–55 55

24. S. Dutta, S. Rehman, S. Chatterjee, and H. Sajjad, “Analyzing
seasonal variation in the vegetation cover using NDVI and
rainfall in the dry deciduous forest region of Eastern India,”
In Forest Resources Resilience and Conflicts; Elsevier; pp. 33–48,
2021.

25. E. B. Wegayehu and F. B. Muluneh, “Multivariate streamflow
simulation using hybrid deep learning models,” Comput. In-
tell. Neurosci., vol. 2021, pp. 1–16, 2021. doi: 10.1155/2021/
5172658.

26. R. B. L. Cavalcante, D. B. da Silva Ferreira, P. R. M. Pontes,
R. G. Tedeschi, C. P. W. da Costa, and E. B. de Souza, “Eval-
uation of extreme rainfall indices from CHIRPS precipitation
estimates over the Brazilian Amazonia,” Atmos. Res., vol. 238,
p. 104879, 2020.

27. Z. Sa’adi, N. E. Alias, Z. Yusop, M. W. A. Ramli, and M. K.
I. Muhammad, “CHIRPS rainfall product application for ana-
lyzing rainfall concentration and seasonality in Johor River
Basin, Malaysia,” J. Atmos. Solar-Terrestrial Phys., vol. 256,
p. 106203, 2024.

28. S. L. Ermida, P. Soares, V. Mantas, F. M. Göttsche, and I. F.
Trigo, “Google Earth Engine open-source code for land surface
temperature estimation from the landsat series,” Remote Sens,
vol. 12, pp. 1–21, 2020. doi: 10.3390/RS12091471.

29. B. Hao, et al. “Land use change and climate variation in the
three gorges reservoir catchment from 2000 to 2015 based on
the Google Earth Engine,” Sensors (Basel), vol. 19, p. 2118,
2019. doi: 10.3390/s19092118.

30. B. J. B. Zoungrana, C. Conrad, M. Thiel, L. K. Amekudzi, and E.
D. Da, “MODIS NDVI trends and fractional land cover change
for improved assessments of vegetation degradation in Burk-
ina Faso, West Africa,” J. Arid Environ., vol. 153, pp. 66–75,
2018.

31. Z. Jin, L. Zhang, J. Lv, and X. Sun, “The application of geosta-
tistical analysis and receptor model for the spatial distribution
and sources of potentially toxic elements in soils,” Environ.
Geochem. Health, 2021. doi: 10.1007/s10653-020-00729-6.

32. C. B. Alvarenga, et al. “Normalized difference vegetation in-
dex for desiccation evaluation with glyphosate + 2,4-D in
Magnetized Spray Solution X1 - Índice de Vegetação Por
Diferença Normalizada Para Avaliação de Dessecação Com
Glyphosate + 2,4-D Em Calda Magnetizada,” Brazilian J. Biol.,
vol. 83, pp. e246579–e246579, 2023. doi: 10.1590/1519-
6984.246579.

33. S. Neela Natesh, G. Dipjyoti, K. Narmada, M. Dhanusree, and
G. Bhaskaran, “Numerical modelling of reservoir sedimenta-
tion for sustainable storage capacity–a geospatial approach,”
Geol. Ecol. Landscapes, vol. 00, pp. 1–7, 2022. doi: 10.1080/
24749508.2021.2022832.

34. H. S. Jaber, S. Mansor, B. Pradhan, and N. Ahmad, “Rainfall–
runoff modelling and water balance analysis for Al-Hindiyah
Barrage, Iraq using remote sensing and GIS,” Geocarto Int.,
2016. doi: 10.1080/10106049.2016.1213889.

35. B. M. Hashim, A. Al Maliki, E. A. Alraheem, A. M. S. Al-Janabi,
B. Halder, and Z. M. Yaseen, “Temperature and precipitation

trend analysis of the Iraq region under SRES scenarios during
the twenty-first century,” Theor. Appl. Climatol., 2022. doi: 10.
1007/s00704-022-03976-y.

36. G. Faqe Ibrahim, “Urban land use land cover changes and their
effect on land surface temperature: Case study using Dohuk
city in the Kurdistan region of Iraq,” Climate, vol. 5, p. 13,
2017. doi: 10.3390/cli5010013.

37. N. Jebril, “Predict the transmission of COVID-19 under the
effect of air temperature and relative humidity over the year
in Baghdad, Iraq,” SSRN Electron. J., 2020. doi: 10.2139/ssrn.
3579718.

38. M. Mirzaei, J. Verrelst, M. Arbabi, Z. Shaklabadi, and M.
Lotfizadeh, “Urban heat island monitoring and impacts on
citizen’s general health status in Isfahan Metropolis: A remote
sensing and field survey approach,” Remote Sens, vol. 12,
p. 1350, 2020. doi: 10.3390/rs12081350.

39. B. M. Hashim, A. Al Maliki, M. A. Sultan, S. Shahid, and
Z. M. Yaseen, “Effect of land use land cover changes on
land surface temperature during 1984–2020: A case study of
Baghdad city using Landsat image,” Nat. Hazards, 2022. doi:
10.1007/s11069-022-05224-y.

40. A. A. J. Al-Hasani and S. Shahid, “Spatial distribution of
the trends in potential evapotranspiration and its influenc-
ing climatic factors in Iraq,” Theor. Appl. Climatol., vol. 150,
pp. 677–696, 2022.

41. Z. M. Yaseen, et al. “Stream-flow forecasting using extreme
learning machines: A case study in a semi-arid region in
Iraq,” J. Hydrol., vol. 542, pp. 603–614, 2016. doi: 10.1016/
j.jhydrol.2016.09.035.

42. J.-M. Jin, et al. “Gender differences in patients With COVID-
19: Focus on severity and mortality,” Front. public Heal, vol. 8,
p. 152, 2020. doi: 10.3389/fpubh.2020.00152.

43. T. Semenova, A. Al-Dirawi, and T. Al-Saadi, “Environmental
challenges for fragile economies: Adaptation opportunities
on the examples of the Arctic and Iraq,” Agronomy, vol. 12,
p. 2021, 2022.

44. UN Iraq Climate Change Is the Biggest Threat Iraq Has Ever Faced,
but There Is Hope to Turn Things Around, 2022.

45. A. Nowak, et al. “Is the vegetation archetype of the garden
of eden located in the Irano-Turanian region and safe against
climate change?” Reg. Environ. Chang., vol. 22, p. 75, 2022.

46. F. H. A. Mamshai, “Climate change as a threat multiplier:
Security and communal implications for Iraq,” Community
Chang., p. 4, 2023.

47. A. Dirican, S. Unal, Y. Acar, and M. Demircan, “The temporal
and seasonal variation of H-2 and O-18 in atmospheric water
vapour and precipitation from Ankara, Turkey in relation to
air mass trajectories at Mediterranean Basin,” Isot. Compos.
Precip. Mediterr. Basin Relat. to air Circ. patterns Clim., pp. 191–
219, 2005.

48. A. A. K. Al-Waeli, K. A. Al-Asadi, and M. M. Fazleena, “The
impact of Iraq climate condition on the use of solar energy
applications in Iraq: A review,” Int. J. Sci. Eng. Investig., vol. 6,
pp. 64–73, 2017.

https://doi.org/10.1155/2021/5172658
https://doi.org/10.1155/2021/5172658
https://doi.org/10.3390/RS12091471
https://doi.org/10.3390/s19092118
https://doi.org/10.1007/s10653-020-00729-6
https://doi.org/10.1590/1519-6984.246579
https://doi.org/10.1590/1519-6984.246579
https://doi.org/10.1080/24749508.2021.2022832
https://doi.org/10.1080/24749508.2021.2022832
https://doi.org/10.1080/10106049.2016.1213889
https://doi.org/10.1007/s00704-022-03976-y
https://doi.org/10.1007/s00704-022-03976-y
https://doi.org/10.3390/cli5010013
https://doi.org/10.2139/ssrn.3579718
https://doi.org/10.2139/ssrn.3579718
https://doi.org/10.3390/rs12081350
https://doi.org/10.1007/s11069-022-05224-y
https://doi.org/10.1016/j.jhydrol.2016.09.035
https://doi.org/10.1016/j.jhydrol.2016.09.035
https://doi.org/10.3389/fpubh.2020.00152

	Decadal Climate and Landform Variables Analysis in Iraq Using Remote Sensing Datasets
	Decadal Climate and Landform Variables Analysis in Iraq Using Remote Sensing Datasets
	1 Introduction
	2 Study area
	3 Materials and methods
	3.1 Data used
	3.2 Rainfall and anomaly
	3.3 LST calculation
	3.4 Geospatial indices
	3.5 Evapotranspiration

	4 Modeling result and discussion
	4.1 Rainfall and anomaly
	4.2 LST analysis
	4.3 Geospatial indices analysis
	4.4 Evapotranspiration measurement

	5 Correlation matrix analysis
	6 Conclusion

	References

