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Abstract 

The fifth-ranking position determines that Iraq is one of the nation’s facing extreme climate difficulties. Iraq fights against the 

increase in heat while coping with a lack of precipitation and intensifying dry spells, in addition to facing water shortages and 

land degradation, along with recurring dust storms. Extreme climate changes have a major impact on environmental stability and 

farming output, as well as the overall sustainability of the system. This study uses global meteorological data combined with 

satellite imagery to study the climatic parameter transformations in Iraq from 1981 to 2020, as well as their consequences on 

water balance, vegetation growth, and land degradation. The research analyses MODIS Vegetation Indices (MOD13) together 

with 252 satellite images throughout Iraq, starting from 2000 to 2020. Research data helped determine spatial-temporal changes 

regarding land degradation and vegetation density alongside their relationship to climatic elements. Key climatic variables 

demonstrate both time-dependent and geographic changes across Iraq between 1981 and 2020, which impact vegetation 

maintenance while leading to land degradation. The research findings demonstrate concerning temperature growth that average 

of 0.97°C/decade, because this rapid temperature increase worsens environmental destruction. Rain levels in Iraq have been 

decreasing throughout the years, until more than 70% of the country receives between 100 to 300mm of annual rainfall. The 

reduced precipitation has led to rising evapotranspiration losses that amounted to 14,732.18 million m3 in the second decade, 

followed by 25,459.13 million m3 in the third decade, and finally reaching 32,390.20 million m3 in the fourth decade compared to 

the first decade. The increased aridity index forces greater adverse impacts on vegetation density, which leads to faster land 

degradation. The widespread destruction of Iraq's natural lands has reached more than 68% because of desertification processes. 

The rising climate change dangers to Iraqi ecosystems require immediate adaptations for combating desertification and 

enhancing land administration methods. 
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1. Introduction 

Climate change ranks as a globally urgent environmental 

challenge that science identifies as the most formidable issue 

for our current century [1, 2]. The ecological systems and 

agricultural productivity, along with water resources and 
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human health and socio-economic development on Earth, face 

severe impacts from these adverse consequences, which ex-

tend beyond their regional boundaries [3]. The Intergovern-

mental Panel on Climate Change (IPCC) reports that global 

temperatures exceed pre-industrial norms by 1.1°C, which 

causes intensifying extreme weather conditions and glacier 

retreats, and increases in sea levels, and intensifies droughts 

and floods [4]. The effects of climate change from these dis-

turbances affect developed and developing nations through 

disruptions to food security and freshwater supply, and re-

ductions in biodiversity and economic incomes [5, 6]. Re-

search needs to answer how variations in environmental cli-

mate elements, including precipitation and temperature, and 

evapotranspiration rates produce effects on land vegetation 

density and rate of degradation. How do these environmental 

events evolve in time and space throughout the countries of 

the Iraqi arid and semi-arid zones? 

Research on climate change effects for vegetation and land 

quality has gained importance because scientific and poli-

cy-making communities now agree about escalating ecolog-

ical outcomes from global warming [7]. Multiple continental 

empirical studies have examined the role of rising tempera-

tures combined with erratic rainfall systems in creating ex-

tensive modifications to soil humidity alongside plant vitality 

and surface vegetative patterns [8, 9]. The IPCC [10] (warns 

that exceeding 2°C of global temperature rise will cause 

widespread natural ecosystem destruction. The World Bank 

reports Iraq will face a 9% annual rain reduction up to 2050, 

alongside a maximum 17% reduction happening throughout 

crucial agricultural seasons [11]. Climate models predict that 

extreme heat occurrences will grow more common across 

regions where temperatures will rise above 50°C during day-

time hours. The modifications in climate bring about deserti-

fication processes and reduced agricultural yields, along with 

higher water requirements, while causing land degradation. 

Ideologically, such research plays an essential role because it 

supports two primary Sustainable Development Goals known 

as SDG 13 (Climate Action) and SDG 15 (Life on Land), 

which emphasize urgent climate measures together with sus-

tainable terrestrial ecosystem management. 

The existing international studies form a large basis that 

explains how climate change affects land system transfor-

mations. According to [12] (12) scientists created an interna-

tional framework to measure vegetation degradation from 

acidification, while traced major vegetation losses in 

sub-Saharan Africa because of rain shortage and temperature 

rise. Eckert et al. [13, 14], together with other scholars, 

showed that MODIS and NDVI remote sensing datasets pro-

vide a valuable method to monitor greenness dynamics and 

land degradation at various geographical levels. Research by 

different authors establishes concrete methodological and 

factual knowledge of vegetation index applications to evalu-

ate environmental changes linked with climate. International 

climate assessments stress that sustained ecological moni-

toring enables scientists to detect changes and create man-

agement strategies for countering environmental deteriora-

tion. 

Multiple research papers show that Iraq faces severe cli-

mate vulnerability because of its arid and semi-arid terrain. 

The combination of desertification threats with dust storms 

and water scarcity places Iraq among the most globally en-

dangered nations. The reduction in flow from the Tigris and 

Euphrates Rivers, totaling 30-40%, stems from both climatic 

changes and upstream dam construction, according to [15]. 

These two rivers supply more than 98% of the surface water to 

Iraq. The region that receives less than 300mm of annual 

rainfall accounts for more than 70% of Iraq, according to [16], 

which makes agricultural cultivation increasingly impractical. 

[17] examined the expanding empty lands along with the 

breakdown of natural plant systems and worsened landscape 

conditions, which are caused by recurrent sandstorms dam-

aging human health. The current lack persists in research that 

combines long-term assessments of climate variables with 

vegetation data to reveal the persistent state of degradation 

over time. 

This study addresses an important knowledge deficit in 

academic and policy areas through its detailed investigation of 

climatic changes and their direct consequences on vegetation 

density and land degradation, which affected all of Iraq be-

tween 1981 and 2020. This research distinguishes itself from 

previous work by combining meteorological data with 

MODIS MOD13 products satellite imagery to calculate 

quantitative indicators for aridity, together with evapotran-

spiration levels, rainfall volatility, and vegetation health status. 

This research stands apart from other investigations by con-

ducting an organized examination that spans the entire Iraqi 

territory in 252 images from 1981 to 2020. The study executes 

innovative data-collection methods to establish new envi-

ronmental degradation insights regarding climate-vulnerable 

Iraq. The study's target is to provide vital data that will guide 

the creation of climate adaptation policies directed at sus-

tainable land management while contributing to global aca-

demic insights about desertification solutions. 

2. Materials and Methodology 

2.1. Geographic Location and Climatic 

Conditions of Iraq 

Iraq is in the southwest of Asia and the northeastern part of 

the Arab world, lying between two latitude circles, 37° - 29° 

north and 48° - 38° east longitude. Consistently, its extension 

from east to west is approximately equal in length from north 

to south. Iraq is classified as a dry and semi-arid region, which 

increases its environmental fragility, ecosystems, and biodi-

versity. The climate is characterized by hot and dry summers 

and rainy and cold winters. There is a significant difference 

between hot and cold temperatures from day to night, and 

notable variation between summer and winter temperatures. 
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Precipitation amounts vary widely, ranging from more than 

800mm in the northern regions to less than 100mm in the 

southern regions. Due to Iraq's geographical location, topog-

raphy, and distance from large water bodies, its climate pre-

sents substantial challenges to various sectors, including in-

dustry. Most countries experience a continental and subtrop-

ical semi-arid to dry climate, with a Mediterranean climate 

prevalent except in the mountainous areas in the north and 

northeast. The average annual temperature in Iraq varies be-

tween 19.3°C in the north and 26.4°C in the alluvial plains of 

southern Iraq [18]. 

2.2. Datasets 

2.2.1. Meteorological Data 

A vital component for this investigation was the Climate 

Research Time (CRU-TS) dataset that delivered essential, 

detailed meteorological information to research climate 

change effects in Iraq. The CRU-TS dataset, with its 250 

gridded stations operating at a 0.5-degree interval, permitted 

thorough climate investigations of Iraq from 1981 through 

2020. A thorough quality control procedure was applied to 

this dataset, which established data reliability needed for 

accurate climate modelling, together with trend analysis [19, 

20]. The researchers obtained essential climate variables, 

including monthly average maximum temperature, mean 

rainfall, and potential evapotranspiration (PET) from the 

CRU-TS dataset during the specific period. The data went 

through ArcGIS spatial analytical processes that resulted in 

the creation of yearly averages for each climatic variable. 

Results from spatial processing showed each parameter ac-

tivity, including temperature changes and rainfall patterns, 

and PET measurements throughout Iraq over time. All anal-

yses conducted on spatial variables (temperature, rainfall, 

evapotranspiration, and vegetation cover) covered Iraq on 

pixel maps. However, several points were selected to plot the 

graphs, and the trend value was determined. The maps gen-

erated help scientists understand the changes climate change 

creates across different regions while permitting identification 

of zones affected by droughts and other environmental 

stressors. The analysis of climate data through time series 

evaluation revealed the identification of growing tempera-

tures plus diminishing precipitation, combined with acceler-

ated evapotranspiration water loss. The data for the first 

decade (1981-1990) were used as a base line to calculate the 

differences of climate parameter between the decades as it 

was the moistest decade. The country experiences critical 

effects on vegetation density and land degradation, especially 

in its arid and semi-arid regions, because of these observed 

trends. 

One essential element of this examination used the Aridity 

Index (AI) as an established United Nations Development 

Programme (UNDP) metric to evaluate dryness levels in 

regional areas [21]. The Aridity Index represents a calculation 

that measures precipitation (P) against potential evapotran-

spiration (PET) rates and produces values from zero to one. A 

region shows greater humidity when its AI value is elevated 

because precipitation rates surpass evapotranspiration 

amounts, which allows for sufficient water resources to exist. 

A region presents an arid climate with water scarcity when its 

evapotranspiration exceeds precipitation, resulting in poten-

tial desertification according to a lower Aridity Index value. 

This study effectively classified Iraq’s climate distribution 

by analyzing AI values, which offered detailed information 

about its aridity regions. A region with an AI value that ex-

ceeds 0.65 belongs to the humid category, which grants 

enough water resources to support plant life and agricultural 

growth. Places that have an AI value between 0.50 and 0.65 

fall under semi-humid and semi-arid zones, which present 

average water supply yet still operate under rainfall variability. 

Arid regions exist within the AI scale of 0.20 to 0.50 because 

these areas suffer from severe water shortages, which are 

worsened by intense evapotranspiration rates. Regions show 

extreme dryness when their AI measurement equals 0.20 or 

below, thus experiencing extensive desertification along with 

scarce vegetation cover. 

These categories help detect areas with high risk for deser-

tification and land degradation since they show how rainfall 

interacts with plant moisture loss against water accessibility 

within ecosystems and agricultural activities. The study al-

lows essential spatial understanding of climate impacts by 

creating aridity zone maps, which help define priority areas 

that need adaptation measures. The most arid regions of Iraq 

should have their land management practices sustainably 

promoted, along with vegetation restoration initiatives and 

improvements in water conservation methods. 

Table 1. Aridity Index (AI) and its classifications. 

Classification Aridity Index 

Hyper arid AI < 0.05 

Arid 0.05 < AI < 0.20 

Semi-arid 0.20 < AI < 0.50 

Dry sub-humid 0.50 < AI < 0.65 

2.2.2. Satellite Data 

The MODIS Vegetation Indices (MOD13) products were 

used with 252 satellite images that covered all Iraqi territory 

from 2000 to 2020 for thorough research to evaluate plant 

density evolution patterns nationwide. The analysis tracked 

vegetation changes throughout a lengthy period necessary for 

tracking land degradation patterns. NDVI stands as a common 

remote sensing index that the researchers used to precisely 

measure vegetation density in the study area. NDVI repre-

sents the difference between satellite imagery obtained from 

near-infrared (NIR) and red bands, which generates numerical 
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values from -1 to +1. The NDVI measurement produces better 

results in healthy vegetation areas but shows poor values in 

places where vegetation is absent, and degenerates or land 

becomes barren. The research created a vegetative density 

distribution map of Iraq through NDVI analysis, which re-

vealed different vegetative density zones, and the change in 

vegetation cover was calculated using a Mann-Kendall sig-

nificance test. The research examined seasonal together with 

long-term plant changes via NDVI-based evaluation, which 

revealed vegetation health deterioration across areas suffering 

from serious desertification and land degradation. The NDVI 

is a normalized transformation of the ratio between 

near-infrared (NIR) and red reflectance, expressed as [22]: 

𝑁𝐷𝑉𝐼 =  
𝑁𝐼𝑅−𝑅𝑒𝑑

𝑁𝐼𝑅+𝑅𝑒𝑑
               (1) 

A simple linear trend approach was applied to analyze 

possible trends in mean annual temperature, rainfall, and 

potential PET following the statistical significance tests or 

confidence limits, of Mann-Kendall, during the study period. 

This methodology allows for an assessment of how climatic 

factors have influenced vegetation dynamics and land deg-

radation over time. 

3. Results 

3.1. Spatial and Temporal Changes of Annual 

Temperature in Iraq for the Period 

1981-2020 

Temperatures in Iraq exhibit substantial daily, seasonal, and 

long-term variations due to the country's geographical loca-

tion. This positioning results in pronounced continental cli-

matic conditions, ranging from extreme continental to very 

arid climates [21]. The temperature distribution across Iraq is 

strongly influenced by topographical features, with elevation 

playing a significant role in shaping local climate conditions. 

Additionally, the type of air masses affecting the region con-

tributes to temperature variations, further impacting the 

country's overall climate dynamics [23]. 

Table 2. Average Mean annual temperature in Iraq for the period 1981-2020. 

Period Min ºC Max º RANGE Mean ºC STD 
Change Rate 

ºC/Decade 

1981-1990 9.35 25.16 15.81 21.76 2.76 0.00 

1991-2000 9.47 25.58 16.12 22.17 2.82 0.41 

2001-2010 10.31 26.22 15.91 22.88 2.83 1.12 

2011-2020 10.53 26.66 16.13 23.13 2.85 1.37 

 

Generally, the results indicate a slight increase in the av-

erage mean annual temperatures over time for the period 

1981-2020. As shown in Table 2, the average annual temper-

atures for the minimum, maximum, and range have increased 

significantly at 95% confidence according to the 

Mann-Kendall statistical test over the last four decades. Ad-

ditionally, temperatures exhibit a spatial trend, increasing 

from the southern parts to the northern parts of Iraq. The total 

area with a high mean annual temperature (above 24°C) de-

creases from the Southern to the Northern regions of Iraq. 

It is also observed that the range of mean annual tempera-

ture gradually decreases from the southwest toward the north 

and northeast of Iraq. These variations can be attributed to 

Iraq's absolute geographical location and topographical in-

fluences. Rising temperatures due to climate change nega-

tively affect several soil properties and soil formation pro-

cesses. These impacts include an accelerated decomposition 

of organic matter, a decline in soil moisture levels leading to 

soil degradation, and an increase in erosion activity, particu-

larly in arid regions. 
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Figure 1. Spatial and Temporal Distribution of Average Mean Annual Temperature in Iraq from 1981 to 2020. 

To calculate the average increase in mean annual temper-

ature from 1981 to 2020, meteorological data from 1981 to 

1990 were used as the baseline for comparison. This approach 

enabled an assessment of temperature variations over the four 

decades. Overall, the rate of increase in mean annual tem-

perature indicates both temporal and spatial differences, 

ranging from 0.3°C to 1.7°C, with an average mean annual 

rise of 0.97 ºC/ decade (Table 3). The results (Figure 2) show a 

consistent decline in mean annual temperature from the 

southeast to the northwest. This trend is primarily due to 

higher relative humidity levels in northwestern Iraq, which is 

influenced by its proximity to the Mediterranean Sea and the 

related climatic conditions. The analysis confirms significant 

variations in both space and time regarding the rate of tem-

perature increase throughout the study period, with notable 

differences observed among the three decades examined. The 

most recent decade (2011-2020) shows the highest tempera-

ture increase, ranging from 1.2°C to 1.7°C. In contrast, the 

period from 1991 to 2000 experienced the lowest increase, 

ranging from 0.3°C to 1.0°C. These findings emphasize the 
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combined effects of natural and human-related factors that con- tribute to global warming and rising temperature across Iraq. 

  

 
Figure 2. Temporal and Spatial distribution of temperature rise rate from 1981 to 2020. 

Table 3. Temporal and spatial temperature rising rate for the last three decades. 

1991-2000 2001-2010 2011-2020 

Rising Rate ºC Area (km²) Rising Rate ºC Area (km²) Rising Rate ºC Area% 

0.30 1448.1 0.80 1838.3 1.2 12.22 

0.40 9142.8 0.90 47577.7 1.3 28.02 
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1991-2000 2001-2010 2011-2020 

Rising Rate ºC Area (km²) Rising Rate ºC Area (km²) Rising Rate ºC Area% 

0.50 64013.4 1.00 71791.3 1.4 14.43 

0.60 104142.0 1.10 51418.0 1.5 20.65 

0.70 105108.6 1.20 116930.6 1.6 19.91 

0.80 108533.8 1.30 89096.0 1.7 4.77 

0.90 43803.4 1.40 43639.5   

1.00 208.9 1.50 14109.5   

 

A straightforward statistical analysis shows both positive 

and negative trends in the increasing mean annual temperature 

over time (Figure 3). Some periods display a consistent rise in 

temperature, while others show only minor fluctuations. 

These trends reflect the impact of regional climatic factors 

and the larger dynamics of global climate change on Iraq's 

temperature patterns. 

 
Figure 3. Statistical trend in mean annual temperature changes with 

time in Iraq from 1981 to 2020. 

Additionally, projections from the World Meteorological 

Organization [24]. suggest that global mean near-surface 

temperatures for the period from 2024 to 2028 are expected to 

be between 1.1°C and 1.9°C above the 1850-1900 baseline. 

This reinforces the urgent need for climate adaptation and 

mitigation strategies in the region. Given these trends, Iraq is 

likely to continue experiencing intensified heatwaves, pro-

longed droughts, and desertification. Therefore, it is essential 

to implement policy interventions, adopt sustainable land-use 

practices, and invest in climate resilience. 

3.2. Analysis of the Spatial and Temporal 

Distribution of Mean Annual Rainfall from 

1981 to 2020 

Precipitation levels in Iraq show spatial and temporal var-

iability, primarily due to the Mediterranean climate and the 

effect of geographic location. Rainfall typically starts in Oc-

tober, reaching its peak in December, January, and February. 

The results presented in Table 4 indicate a declining trend in 

the mean annual minimum, maximum, and average rainfall 

from 1981 to 2020. The mean annual minimum rainfall de-

creased slightly from 91.42mm in the first decade to 85.74mm 

in the last decade. In contrast, the mean annual maximum 

rainfall dropped from 736.16mm in the third decade to 

671.33mm, before increasing again to 734.45mm in the final 

decade. Similarly, the average mean annual rainfall showed a 

pattern like that of the maximum rainfall amounts. These 

findings underscore the ongoing changes in Iraq's precipita-

tion patterns, which have important implications for water 

resource management, agriculture, and efforts to control des-

ertification. Additional research is needed to identify the main 

factors driving these changes, including climate change, shifts 

in regional atmospheric circulation, and human-induced en-

vironmental alterations. 

Table 4. Changes in average annual rainfall in Iraq from 1981 to 2020. 

Period Minmm Maxmm RANGE Meanmm STD Change Ratemm/decade 

1981-1990 91.99 735.15 643.16 207.55 133.74 0.00 

1991-2000 88.67 716.04 627.37 205.41 131.19 -0.14 

2001-2010 89.17 658.67 569.50 189.41 118.33 -18.15 

2011-2020 87.25 734.54 647.29 203.19 138.69 -4.37 
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Meteorological data (Table 5 and Figure 4) show the spatial 

distribution of average mean annual rainfall for the baseline 

period of 1981 to 1990, highlighting notable regional varia-

tions. During this time, Iraq's mean annual rainfall varied 

between 100mm and 800mm, with rainfall levels increasing 

as one moves north and northeast. The mountainous regions 

of Iraq receive over 700mm of rainfall annually, while the 

undulating areas average around 300mm. In contrast, Basra 

records an average of only 100mm. The western desert, in-

cluding Rutba in western Iraq, receives less than 100mm of 

rainfall each year. More than 65% of Iraq's total land area 

receives less than 250mm of rainfall annually, particularly in 

the central and southern regions. Only 3.5% of the country, 

located in the central and southern regions. Only 3.5% of the 

country, located in the north, receives over 600mm of rainfall 

each year. According to [25], Iraq's rainfall is highly variable 

both seasonally and regionally. The northern and northeastern 

regions of Iraq receive the highest amounts of rainfall, ranging 

from 400 to 1,000mm per year, primarily between November 

and March. In contrast, the steppe region has an average an-

nual precipitation of 200 to 400mm, while the southern areas 

receive only 40 to 60mm, mainly from October to December. 

These findings highlight the significant differences in precip-

itation patterns across Iraq, emphasizing the challenges of 

water scarcity faced by the central and southern regions 

Table 5. Mean Annual Rainfall distribution in Iraq during the period 

1981-1990. 

Mean Rainfall (mm) 1981-1990 Area% 

100 3.82 

150 50.24 

200 11.69 

250 7.64 

300 6.12 

350 4.68 

400 4,68 

Mean Rainfall (mm) 1981-1990 Area% 

500 7/56 

600 2.18 

700 1.11 

800 0.28 

 
Figure 4. Spatial distribution of the average annual rainfall during 

1981-1990. 

A statistical analysis using a of rainfall data comparing the 

baseline period of 1981-1990 with subsequent decades shows 

both temporal and spatial variations in rainfall. The finding 

indicated an insignificant decline in the mean rainfall over 

time. The rates of change range from -9mm per year to +5mm 

per year. These variations differ from decade to decade 

throughout the period from 1981 to 2020 (Table 6 and Figure 

5). 

Table 6. Differences in the average annual rainfall for the period 1991-2020/1981-1990. 

1991-2000 2001-2010 2011-2020 

Rainfall 

Area% 

Water Rainfall 

Area% 

Water Rainfall 

Area% 

Water 

Changes 

mm/y 

Balance 

m.m
3
 

Changes 

mm/y 

Balance 

m.m
3
 

Changes 

mm/y 

Balance 

m.m
3
 

-4 0.08 -13.61 -9 0.01 -2.22 -3 2.21 -288.76 

-3 0.55 -71.71 -8 0.28 -98.51 -2 14.03 -1223.76 
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1991-2000 2001-2010 2011-2020 

Rainfall 

Area% 

Water Rainfall 

Area% 

Water Rainfall 

Area% 

Water 

Changes 

mm/y 

Balance 

m.m
3
 

Changes 

mm/y 

Balance 

m.m
3
 

Changes 

mm/y 

Balance 

m.m
3
 

-2 5.75 -502.18 -7 2.31 -704.63 -1 22.62 -986.59 

-1 28.84 -1258.84 -6 2.65 -695.33 0 47.55 0.00 

0.0 28.39 0.00 -5 3.93 -858.69 1 10.42 454.51 

1 13.14 573.43 - 4 4.22 -737.63 2 3.17 276.49 

2 8.82 769.81 -3 5.68 -744.07 3 0.01 1.53 

3 5.95 779.03 -2 16.38 -1430.42    

4 8.25 1441.10 -1 26.45 -1154.50    

5 0.23 50.78 0 24.36 0.00    

   1 13.71 599.09    

Total 100 +1767.81  100 -5826.91  100 - 1766.58 

 

The mean annual rainfall decreased insignificantly at 95% 

confidence according to Mann-Kendall statistical test over the 

periods 1991-2000, 2001-2010, and 2011-2020, with rates 

ranging from -4.0mm/year to +5.0mm/year, -9.0mm/year to 

+1.0mm/year, and -3.0mm/year to +3.0mm/year, respectively, 

with average mean decline rate of 7.55mm/decade. The results 

indicate that between 1991 and 2000, there was an increase in 

mean rainfall volume compared to the baseline, totaling 

+1,767.81 million m3 of water. However, during the periods 

from 2001 to 2010 and from 2011 to 2020, there were decreases 

of -5,826.91 million m3 and -1,766.58 million m3, respectively. 

This resulted in a total water loss of -7,593.49 million m3 due to 

declining rainfall, likely influenced by climate change over the 

past two decades. This significant reduction in water availability 

has substantial implications for the region. The mean annual 

rainfall trends show a decrease from 1991-2020, with rates 

ranging from -4.0mm/year to +5.0mm/year for 1991-2000, 

-9.0mm/year to +1.0mm/year for 2001-2010, and -3.0mm/year 

to +3.0mm/year for 2011-2020. The results show that from 1991 

to 2000, there was an increase in mean rainfall volume com-

pared to the baseline, with a gain of +1,767.81 million m3. 

However, the periods from 2001 to 2010 and from 2011 to 2020 

experienced significant losses of -5,826.91 million m3 and 

-1,766.58 million m3, respectively. This led to a total water loss 

of -7,593.49 million m3, likely influenced by climate change 

over the past two decades. The substantial reduction in water 

availability poses significant implications for the region. 

The southern part of Iraq exhibits positive precipitation 

change rates, but the northeastern areas demonstrate negative 

change rates according to Figure 5. The research demonstrates 

Iraq's precipitation pattern variations based on space and time, 

which demonstrates the comprehensive effects of climate 

change on regional water availability. The collected data shows 

different sections of Iraq are following diverse precipitation 

patterns due to opposing localized weather trends, which in-

clude minor growth in some zones yet substantial decrease in 

others. Senay [26] demonstrated that Iraq experienced a reduc-

tion in its average yearly precipitation amount from 2003 to 

2016, equivalent to 10mm, through findings that differed across 

Iraqi geographic zones. The data pattern matches those already 

found in prior research examinations. The World Bank [27] has 

recorded major environmental changes in Iraq between the 

1950s and the present, while reporting a wide range of rainfall 

patterns across its geographical areas. The northeastern part of 

Iraq showed rainfall elevation at 2.4mm per month over a cen-

tury, while the southeast region had precipitation reduction at 

0.88mm per month over a century. The western part of Iraq has 

witnessed substantial rainfall reduction at a rate of 5.93mm per 

month per century. The statistical analysis presented through 

Figure 6 confirms that Iraq's annual precipitation levels tend to 

decrease insignificantly at 95% confidence from 1981 to 2020. 

According to this figure, the total amount of rainfall steadily 

decreased during the studied period. The supplementary impacts 

of climate change have led to reduced precipitation because of 

changing weather patterns. Iraq faces additional difficulties in 

rainfall predictions because its geography consists of desert re-

gions and semi-arid areas combined with various land altitudes. 

Located in the Middle East region, which shows maximum 

vulnerability to climate change, Iraq faces precipitation changes 

that affect different parts of the country at different levels. 

The ongoing effects of global climate change have changed 

weather systems in Iraq by causing more dry seasons as well as 

unusual precipitation patterns. The changing rain patterns 

throughout semi-arid and arid zones worsen existing problems, 
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including water shortage, together with land destruction and 

desertification. The decline of precipitation in certain areas leads 

to dual effects of diminished agricultural yields while intensify-

ing water resource demand, which impacts all communities, 

including farmers and urban residents. Different regions 

throughout Iraq face unique climate challenges, which demand 

localized adaptation strategies to address their specific needs 

because rainfall reductions vary between areas. 

  

 
Figure 5. Spatial distribution of Differences in the average mean annual rainfall during the last three decades. 
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Figure 6. Statistical trend in mean annual rainfall changes with time 

in Iraq from 1981 to 2020. 

3.3. Changes in the Temporal and Spatial 

Distribution of Mean Annual 

Evapotranspiration Rates from 1981 to 

2020 

Evapotranspiration (ET) contributes to the loss of a sub-

stantial amount of rainfall globally, with the percentage of loss 

varying by location [28]. ET refers to the total evaporation 

that results from both soil evaporation and vegetation tran-

spiration [29]. It is essential for the energy and mass exchange 

among soil, water, plants, and the atmosphere, making it a 

critical factor in the hydrogeological budget [30]. Evapo-

transpiration causes water and moisture loss from water, soil, 

and vegetation surfaces. It is a key component of any region's 

water balance and irrigation planning [31]. Generally, 57% of 

precipitation returns to the atmosphere through evapotran-

spiration, and this amount may reach 90 to 100% in arid and 

hyper-arid regions [32]. 

The main climatic factors influencing evapotranspiration 

(ET) are solar radiation, wind speed, relative humidity, and 

temperature. Additionally, the type of vegetation and soil 

moisture levels play significant roles in determining ET rates 

[33]. Evapotranspiration leads to the loss of water and mois-

ture from water bodies, soil, and the surfaces of vegetation. As 

such, it is a crucial component of the water balance and es-

sential for irrigation planning in any region. The average 

annual potential evapotranspiration (PET) in Iraq has shown a 

consistent increase over four decades, as indicated in Table 7. 

Specifically, the average annual PET rose from 1,995.37mm 

during the first decade (1981-1990) to 2,064.57mm in the last 

decade (2011-2020). This increase is primarily attributed to 

the rise in the mean annual temperature, as previously dis-

cussed. Moreover, the rise in actual evapotranspiration (ET) is 

affected by the growth of vegetation cover and surface water 

during hotter seasons, especially summer, when elevated 

temperatures lead to increased water loss. 

Table 7. The average annual values of the minimum, maximum, and mean of PET in Iraq from 1981 to 2020. 

Period Minmm Maxmm Range Mean mm STD Change Rate mm/decade 

1981-1990 1032.60 2518.50 1485.90 1995.37 357.50 0.00 

1991-2000 1040.40 2511.00 1470.60 2024.15 353.18 28.78 

2001-2010 1061.10 2555.70 1494.60 2049.02 360.52 53.65 

2011-2020 1080.90 2559.90 1479.00 2064.57 355.36 69.20 

Table 8. Average mean annual values for PET in Iraq during the period 1981-2020. 

1981-1990 1991 - 2000 2001 -2010 2011 - 2020 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

1200 6994.3 8393.1 1200 5578.0 6693.6 1200 4579.2 5495.1 1200 37245 4469.4 

1400 24695.2 34573.3 1400 21416.6 29983.2 1400 19914.1 27879.7 1400 19129.0 26780.6 

1600 32494.9 51991.8 1600 30619.5 48991.1 1600 30629.0 49006.4 1600 29118.0 46588.9 

1800 39575.4 71235.7 1800 37636.5 67745.8 1800 37193.3 66947.9 1800 35190.8 63343.4 

2000 96900.4 193800.8 2000 90404.8 180809.5 2000 84908.3 169816.6 2000 70453.2 140906.4 
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1981-1990 1991 - 2000 2001 -2010 2011 - 2020 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

PET 

(mm) 

Area 

(km²) 

Total wa-

ter lost 

(m.m
3
) 

2200 89589.1 197095.9 2200 90552.8 199216.3 2200 87907.4 193396.3 2200 99733.0 219412.7 

2400 85568.4 205364.1 2400 90456.4 217095.4 2400 85890.6 206137.5 2400 92836.6 222807.8 

2600 60583.4 157516.9 2600 69736.4 181314.7 2600 85379.1 221985.6 2600 86215.9 224161.2 

  919971.6   931849.5   940665.0   948470.3 

 

The results presented in Table 8 indicate that during the 

period from 1981 to 1990, less than 24% of Iraq's total area 

had a potential evapotranspiration (PET) value below 

1,800mm, and this area decreased over time. In contrast, more 

than 61% of Iraq's total area had PET values ranging from 

2,000 to 2,400mm during the same period. Additionally, areas 

with PET values exceeding 2,600mm accounted for 13.88% 

of the total land area in 1981-1990, which increased to 19.76% 

in the last decade. 

The rising trend in water loss due to PET (Potential Evap-

otranspiration) spans from the northern regions to the south-

ern parts of Basra Governorate. This variation is influenced by 

several factors, including temperature, vegetation density, soil 

moisture, wind speed, and the availability of surface water. 

Each of these parameters plays a significant role in deter-

mining the total water loss through soil evaporation and veg-

etation transpiration. 

Generally, the results of statistical analysis using a Mann- 

Kendall statistical test indicated that the PET increases sig-

nificantly at 95% confidence over time. The overall rising rate 

of average annual potential evapotranspiration (PET) ranges 

is 5054mm/decade during the period 1981-2020, with some 

variation across the four decades. These variations reflect 

differences in the total amount of water lost during each 

decade. When comparing the PET increase in the last three 

decades to the baseline data of the first decade (1981-1990), 

the rate of increase over time. Specifically, the rates ranged 

from 0-6mm/year, 3-9mm/year, and 4 to 10mm/year for the 

last three decades, respectively (Table 9 and Figure 7) 

Table 9. Changes in the average annual PET for three decades from 1991 to 2020. 

1991 -2000 2001 - 2010 2011 - 2020 

Rising rate 

of PET 

(mm/y) 

Area (km²) 

Total amount 

water lost 

(m.m
3
) 

Rising rate 

of PET 

(mm/y 

Area (km²) 

Total amount 

water lost 

(m.m
3
) 

Rising rate 

of PET 

(mm/y 

Area (km²) 

Total amount 

water lost 

(m.m
3
) 

0 10845.5 0 3 2246.0 67.4 4 5515.4 220.6 

1 17167.7 171.6 4 53415.4 2136.6 5 27200.8 1360.0 

2 51496.1 1029.6 5 116478.9 5824.0 6 84037.5 5042.3 

3 136148.4 4083 6 138543.6 8312.6 7 107497.5 7524.8 

4 159045.3 6359.5 7 98649.8 6905.4 8 107874.9 8630.0 

5 61230.6 3060.4 8 23615.6 1889.3 9 81501.8 7335.2 

6 467.4 28.0 9 3599.0 323.1 10 22773.1 2277.3 

  14732.2   25459.1   32390.2 
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Figure 7. Statistical trend in mean annual PET changes with time in 

Iraq from 1981 to 2020. 

The increase in potential evapotranspiration (PET) is evi-

dent from the differences in total water loss recorded during 

each decade. The amounts of total water loss are as follows: 

14732.18 million m3, 25459.13 million m3, and 32390.20 

million m3 for the last three decades, respectively. This sig-

nificant loss of water through PET has adversely affected 

water availability in Iraq. The areas experiencing the highest 

levels of water loss are in the central governorates and their 

surrounding regions (Figure 8). 

  

 
Figure 8. Spatial distribution of Differences in the average mean PET and water lost from 1981-2020. 
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3.4. Aridity Status in Iraq for the Period 

1981-2020 

Iraq is one of the countries significantly impacted by in-

creasing aridity. Aridity is defined as a lack of moisture, often 

accompanied by a consistent shortage of rainfall. It describes 

a situation in which a region experiences a severe lack of 

available water, particularly due to the permanent absence of 

rainfall or extreme dryness resulting from insufficient pre-

cipitation. Aridity is measured by the Aridity Index (AI), 

which quantifies the level of dryness in a specific location. 

Recently, aridity events, exacerbated by climate change, have 

emerged as significant socio-environmental challenges. These 

events harm ecosystems and human livelihoods across various 

regions worldwide. Aridity continues to present a major and 

persistent challenge for many global regions. Four aridity 

classes were identified using gridded climatic data to calculate 

the AI for the period from 1981 to 2020, following the 

methodology outlined by [34]. The results (Figure 9 and Table 

10) indicate that Iraq predominantly experiences an arid cli-

mate, except for a small northern region classified as 

sub-humid. The dominant aridity zones are arid, hyper-arid, 

and semi-arid, encompassing more than 98% of Iraq's total 

area. Furthermore, the findings indicate temporal variations in 

the area covered by each aridity class, driven by changes in 

climatic conditions. 

  

  
Figure 9. Spatial distribution of Aridity index in Iraq for the period 1981-2020. 

http://www.sciencepg.com/journal/ajaf


American Journal of Agriculture and Forestry http://www.sciencepg.com/journal/ajaf 

 

212 

Table 10. Change in Aridity classes in Iraq during the period 1981-2020. 

Aridity class 1981-1990 Area% 1991-2000 Area% 2001-2010 Area% 2011-2020 Area% 

Arid 54.47 60.44 51.43 47.09 

Hyper Arid 28.00 23.00 34.11 36.73 

Semi-Arid 16.33 15.65 14.04 15.22 

Dry Sub humid_ 1.20 0.91 0.42 0.97 

  
Figure 10. Spatial changes of the mean NDVI values in April (A) and August (B) during the period 2001-2020. 

3.5. Impact of Climate Change on Vegetation 

Density and Land Degradation (2001-2020) 

The Normalized Difference Vegetation Index (NDVI) is the 

most used method to assess vegetation cover, serving as an 

indicator of green biomass. The interaction between the Land 

surface and the atmosphere involves multiple processes and 

feedback mechanisms, all of which can vary simultaneously. 

Precipitation and temperature influence the potential distri-

bution of terrestrial vegetation, play a crucial role in soil 

formation and evolution, and affect the timing of grazing, 

which historically supports a nomadic lifestyle. The study 

utilised NDVI measurements from the MODIS sensor to 

study vegetation densities and land degradative patterns 

throughout Iraq. A thorough examination of Iraq's vegetation 

development was achieved through satellite data acquisition 

from 2001 to 2020, monthly. Researchers computed NDVI 

values every month within the study period, emphasising 

April and August since these months let them analyse two 

main agricultural systems: winter cultivation through dry 

farming in the northern regions and irrigated farming in the 

southern regions and summer cultivation through primarily 

irrigated farming. Mean NDVI values between 2001 and 2020 

confirmed extensive vegetation changes across different 

months through data presented in Figure 10 and Table 11. The 

seasonal agricultural methods employed by farmers create 

various changes that affect vegetation development alongside 

land condition degradation. The NDVI range from -1.0 to 0.70 

permitted researchers to distinguish four vegetation density 

classes that categorised the land areas. Wetlands and water 

bodies, along with other non-vegetated land areas, account for 

0.78% of Iraq's total land territory, even though they exist 

within the NDVI range of -1.0 to 0.0. The areas without sub-

stantial vegetation occur naturally because of flooding, along 

with human-caused bare land and water-filled regions. Most 

of Iraq (65.80%) constitutes the second category, which in-

cludes areas with low vegetation density and degradation over 

a wide extent. This zone contains territories with little vege-

tation because land degradation runs rampant within these 

regions. The detrimental combination of droughts that extend 

over long periods and desertification processes, together with 

damaging agricultural methods, prevents vegetation from 

growing sufficiently. The area containing moderate vegetation 

http://www.sciencepg.com/journal/ajaf


American Journal of Agriculture and Forestry http://www.sciencepg.com/journal/ajaf 

 

213 

density amounts to 17.99% of Iraq's total landmass and falls 

within NDVI ranges from 0.15 to 0.30. Areas of moderate 

vegetation quantity fall under this class, which suggests ag-

ricultural lands or ecological restoration zones that need fur-

ther development. Approximately 15.43% of Iraq’s land area 

falls within the NDVI range of 0.30 to 0.70, which indicates 

dense vegetation. The areas show solid vegetation growth, 

which stems from well-functioning ecosystems or appropriate 

land management approaches or because they possess climate 

conditions suitable for farming activities. 

Table 11. Spatial changes in average mean annual NDVI values for April and August during the period 2001-2020. 

NDVI class 

April August 

Area (km²) Area% Area (km²) Area% 

- 1.0 to 0.0 (No vegetation) 3387.885847 0.78 3143.33 0.72 

0.0 to 0.15 (V. low vegetation- degraded land) 287049.4562 65.80 352560.43 80.78 

0.15 to 0.3 (Moderate Vegetation) 78494.53991 17.99 62433.10 14.31 

0.3 to 0.7 (High Vegetation) 67327.11367 15.43 18295.16 4.19 

Total 436.89 100 436.89 100 

 

Overall, the total vegetated land area (moderate and high 

vegetation classes) in April (winter cultivation) was nearly 

double that of August (summer cultivation), covering 33.45% 

and 18.50% of Iraq's total area, respectively. The increase in 

vegetated land during the winter season is mainly attributed to 

higher soil moisture availability, increased rainfall, and re-

duced water loss through potential evapotranspiration (PET), 

which supports greater vegetation growth. The results show 

that much of Iraq's land undergoes temporary degradation, 

which can be alleviated by sufficient water availability. This is 

supported by seasonal variations in degraded land, with a 

greater percentage occurring in summer (August) due to re-

duced rainfall, increased water loss driven by potential evap-

otranspiration (PET), and drought conditions. The average 

annual changes in vegetation status and land degradation 

since the baseline year of 2000 (Figure 11 and Table 12) re-

veal seven distinct categories of change: no change, negative 

change, and positive change. 

 
Figure 11. Spatial distribution of Average mean vegetation density-land Degradation changes from the mean of 2000 during the period 

2000-2020. 
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Table 12. Average means of Vegetation density and land degradation 

change classes from the mean of 2000 in Iraq from 2000 to 2020. 

Vegetation classes Area (km) Area% 

H. Negative changes 7.624 1.75 

M. Negative changes 10.953 2.51 

L. Negative changes 156.698 35.91 

No Changes 125.489 28.76 

L. positive changes 100.770 23.09 

M. positive changes 16.572 3.80 

H. positive changes 18.294 4.19 

Total 436.401 100.00 

The results indicate that negative changes in vegetation 

were the dominant trend in vegetated areas during the study 

period, affecting 40.17% of Iraq's total land area. This decline 

is primarily attributed to reduced rainfall and prolonged 

drought conditions, which have accelerated the loss of vege-

tation and the processes of land degradation. In contrast, pos-

itive change classes represented 31.08% of the total land area, 

demonstrating the influence of agricultural practices, includ-

ing both irrigated and dry farming, which led to an overall 

increase in vegetated land cover. The findings reveal that 

more than two-thirds (68.93%) of Iraq's total area has been 

affected by varying degrees of degradation due to climate 

change, resulting in increasingly arid conditions. The data 

confirm that Iraq's land is experiencing multiple forms of 

degradation, including physical, chemical, and biological 

deterioration. This is attributed to reduced rainfall, rising 

temperatures, and increased moisture loss due to potential 

evapotranspiration (PET). The findings (Figure 11) suggest 

that most degraded lands are primarily located in western Iraq, 

with other regions also experiencing water scarcity. This 

highlights the ongoing environmental crisis in Iraq, as deser-

tification and land degradation continue to pose a threat to 

agricultural productivity. 

4. Discussion 

This research demonstrates that climate change rapidly 

impacts Iraq’s natural systems, creating significant challenges 

for agricultural practices, water resources, and biological 

stability throughout the region. The findings provide valuable 

insights into how increased temperatures coincide with de-

creased precipitation, intensified evapotranspiration, and 

expanding desertification that harm vegetation and land 

quality. These environmental changes reflect ongoing condi-

tions in the Middle East and North Africa (MENA) region as 

well as in dryland and semi-arid ecosystems worldwide. 

Iraq has experienced a rising annual mean temperature 

pattern that matches worldwide temperature increases during 

the past four decades [35] (34). According to the Intergov-

ernmental Panel on Climate Change [10], global warming 

develops from atmospheric greenhouse gas buildup that 

triggers extensive climate-related disruptions. The MENA 

region, alongside vulnerable areas including South Asia and 

sub-Saharan Africa, has demonstrated similar warming pat-

terns, which resulted in reduced crop production, together 

with increased water loss through evapotranspiration and 

serious water shortages [36, 37]. The speed of temperature 

growth that Iraq experiences displays a clear southern bias, 

which expresses wider regional trends influenced by land-

forms and water bodies, plus atmospheric movements. 

Precipitation variability serves as a crucial factor in this 

study, which strengthens the worries regarding hydrological 

stability in the region. Studies from India to China and the 

Sahel have confirmed that rainfall patterns are now more 

unpredictable and produce less rainfall during each wet sea-

son and throughout the year [38-40]. The Mediterranean cli-

mate signature in Iraq demonstrates that rainfall arranges 

rainfalls into fewer frequent events while creating long dry 

periods between them. The effects of this situation negatively 

impact both soil fertility levels and groundwater recharge 

potential alongside conventional agricultural management. 

The study reveals elevated evapotranspiration levels as the 

key indicator of worsening water balance deficit that scientists 

worldwide have started to recognize as a common pattern 

among affected regions. The Murray-Darling Basin of Aus-

tralia and the United States share the same finding that in-

creasing PET leads to lower soil moisture storage and causes 

agricultural harm through crop damage and worsening land 

conditions [41, 42]. The situation in Iraq demands urgent 

attention regarding these changes since the country depends 

on scarce water supplies, which will worsen due to increased 

PET rates and reduced precipitation levels. 

The aridity study shows that dry and extremely dry areas 

have expanded during the decades, which supports previous 

global desertification model predictions. The United Nations 

Convention to Combat Desertification (UNCCD) identifies 

the widespread expansion of drylands as an acute and con-

tinuing effect of climate change, which endangers food sys-

tems alongside biodiversity and livelihood sustainability [43]. 

Multiple studies have identified the same semi-arid to hy-

per-arid environmental transition, which affects large Iraqi 

territories as well as North African regions and Central Asian 

territories and western North American lands [29, 44, 45]. The 

ecological situation in Iraq has become dangerous because the 

baseline remains weak despite previous damage from grazing 

animals and tree clearing, and ill-advised land management 

activities. 

NDVI-based vegetation assessments reveal the extensive 

decline of vegetation along with rising degraded areas through 

seasonal changes in the data that highlight the sensitivity of 
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rainfed and irrigated agriculture systems [46-48]. Research 

from the Sahel and southern Europe, along with parts of the 

Indian subcontinent, displays verified evidence using satellite 

images over extended periods, which shows decreasing veg-

etation productivity because of rising temperatures combined 

with declining rainfall and human-caused environmental 

pressures [49-52]. The elevated summer degradation in Iraq 

supports the development of seasonal discrepancies leading to 

problems for food security and crop scheduling, and agricul-

tural resilience. 

Researchers now agree that comprehensive land degrada-

tion models merge climate indicators with remote maps to 

analysis dynamic environments, although this study serves as 

an example of this developing thinking. Scientific research 

worldwide activates interdisciplinary methods to track com-

plicated feedback patterns that link between environmental 

factors and land management practices, and ecosystem con-

ditions [53, 54]. Iraq's circumstances provide essential atten-

tion to academic concepts because multiple interrelated nat-

ural conditions and human activities quickly destroy major 

environmental systems. 

The study findings integrate with an increasing body of 

evidence which demonstrates proof of a global environmental 

crisis. Iraq demonstrates in the present day how climate 

change manifests its effects directly in dryland areas while 

producing sequential negative impacts on the management of 

water systems alongside agricultural production and local 

economies. Research outcomes show that immediate climate 

adaptation methods need to be developed through better water 

management systems and forest establishment projects and 

drought-resistant farming methods, and territory use coordi-

nation plans. Research investigations in the future must focus 

on developing forecast models that will predict future change 

patterns and create warning systems for climate-caused land 

degradation. The Iraqi case demonstrates crucial environ-

mental trends which arid regions should prepare for during the 

next several decades, thus granting this study both national 

importance and international significance. 

5. Conclusions and Recommendations 

Iraq is experiencing rapid climate change, with an annual 

temperature increase rate of 0.95ºC/decade, making it one of 

the fastest-warming regions in the world. This temperature 

rise, coupled with decreased rainfall and increased soil 

moisture loss due to rising potential evapotranspiration (PET), 

has caused a significant decline in water availability, severely 

impacting vegetation health and reducing vegetation cover 

density. These climatic conditions are further accelerating 

desertification and land degradation, with disruptions to local 

water cycles intensifying the environmental challenges. Var-

iability in rainfall patterns and rising temperatures have dis-

turbed tghe balance between water inflow and outflow, lead-

ing to higher rates of evaporation and evapotranspiration, 

thereby worsening the effects of water scarcity and land 

degradation throughout the country. To address these chal-

lenges, preserving and restoring vegetative cover is essential. 

Greenbelt projects designed to prevent soil erosion and land 

degradation are crucial for maintaining soil fertility and eco-

system integrity. Furthermore, creating oases in desert and 

arid regions can play a pivotal role in mitigating the impacts 

of climate change on biodiversity by establishing microen-

vironments that sustain both vegetation and wildlife. Assist-

ing farmers in areas vulnerable to desertification is also a key 

strategy to combat rural migration through the provision of 

drought-resistant crops, advanced irrigation technologies, and 

financial support to improve agricultural resilience. Addi-

tionally, constructing wastewater treatment systems for rural 

communities would ensure a sustainable source of irriga-

tion-quality water, decreasing reliance on increasingly limited 

freshwater resources. However, it is important to 

acknowledge the limitations in the availability and accuracy 

of long-term climate data, which can hinder comprehensive 

assessments and predictions. Future research should focus on 

enhancing climate modelling and data collection in Iraq, par-

ticularly in the context of localised impacts and adaptation 

strategies, to better inform policy-making and improve the 

effectiveness of climate resilience initiatives in the re-

gion. 
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