
 

 
Journal of Babylon Center for Humanities Studies :2026  Volume: 16 Issue :9 

(ISSN): 2227-2895 (Print)    (E-ISSN):2313-0059 (Online) 

 

219 

Evaluating 38 Years of Surface Water Change in Iraqi Lakes and Dams Using 

Landsat-Derived Normalized Difference Water Index (NDWI) 

 

Journal of Babylon Center for H
um

anities Studies: 2026, Volum
e: 16, Issue: 9 

عامًا من تغير المياه السطحية في البحيرات والسدود العراقية باستخدام مؤشر فرق  83تقييم 
 المياه الطبيعي وصور لاندسات

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

المسطحاتتاالمتيةطااالسطحاةاغار ةطماالم طتدغات  سطتتغامميطماالمةطتةاال   ةطاا :الكممات المفتاحية
 ال ح يغااكريتفاالر ةمغاالسلاسلاالزم ةا.

 

 كيفية اقتباس البحث
عتمًتامنار ةطماا83رقةةمااغاإسمتعةلمصحفىاصتلحااغامام احةبامم فاغ ابتناكتظماغااعمم

المةطططتةاالسطططحاةاا طططياالباةطططماتا السططط   اال ماشةطططاابتسطططرا امامميطططما طططم االمةطططتةاالحبة طططيا صططط ما
ا.9غال   :ا62غالم م :0202اأةم لام مااممكزابتبلالم ماستتاات ست ةاغغت  ستت

 

 

لحقووق التويلي  ىذا البحث من نوع الوصول المفتوح مرخص بموجب رخصة المشاع الإبداعي 
(  تتوويف فقووط لنخوورين تحميوول البحووث   Creative Commons Attributionوالنشوور  

ومشووواركتو موووي ابخووورين بشووورط نصسوووب العمووول ااصووومي لممؤلووو أ ودون القيوووام بوووي  تعوووديل  و 
 .استخدامو اغراض تجارية

 

 

 

 

 
 Indexedمفهرسة في     

IASJ 
 

 Registeredمسجلة في    

ROAD 
 

 

 م.م. مصطفى صالف إسماعيل
 مستع ام مس

غا تم ااصلاحااشسماال  ما ةتغاكمةااات اب
 ال ةناغأمبةلاغاإشمةماك م سرتنغاال ما 

 

 

 م.م.محمد طيب رؤو 
 م مسامستع 

غا تم ااصلاحااشسماال  ما ةتغاكمةااات اب
 ال ةناغأمبةلاغاإشمةماك م سرتنغاال ما 

 

 

 د. دابان كاظم عمر
 م مس

شسماال  ما ةتغاكمةااات اباغا تم ااصلاحا
 ال ةناغأمبةلاغاإشمةماك م سرتنغاال ما 

 



 

 220 
Journal of Babylon Center for Humanities Studies :2026  Volume: 16 Issue :9  

(ISSN): 2227-2895 (Print)       (E-ISSN):2313-0059 (Online) 
  

Evaluating 38 Years of Surface Water Change in Iraqi Lakes and Dams Using 

Landsat-Derived Normalized Difference Water Index (NDWI) 

 

Journal of Babylon Center for H
um

anities Studies: 2026, Volum
e: 16, Issue: 9 

Evaluating 38 Years of Surface Water Change in Iraqi Lakes and 

Dams Using Landsat-Derived Normalized Difference Water Index 

(NDWI) 

 

 

 

 

 

 

 

 

 

 

 

 
 

Keywords : Surface Water Bodies, Climate Change, Landsat, NDWI, Change 

Detection, Time Series.  

 

 

How To Cite This Article 

Omar, Daban Kadhim , Mohameed Tayeb Raoof, Mustafa Salih Ismael, 

Evaluating 38 Years of Surface Water Change in Iraqi Lakes and Dams 

Using Landsat-Derived Normalized Difference Water Index (NDWI) 

, Journal Of Babylon Center For Humanities Studies, September 

2026,Volume:16, Issue 9.  

 

 

 

This work is licensed under a Creative Commons Attribution- 

NonCommercial-NoDerivatives 4.0 International License.  

 ممخص
ا الر ةم ا رة ا امرزاة ة الض  ح اال ما  ا ي االسحاةا االمتيةا االم ام  الم تدغارر مض

االمةتةا ياال  لاال اش ااأعمىام مىاال هم.اره فاهذةا  ال فتفاح ةلاالأم غا ممتمستتاإ امة
ال ماسااإلىارقةةماالر ةماتاح ةمااالأم ا ياامر ا االمةتةاالسحاةااعبماالباةماتا الس   االميةسةاا

هذااال مضااسرا م تالا. ياال ما غالفهمااتر تهتتاالهة م ل  ةااالالاال ق  االأمب ااالمتضةا

                  This is an open access article under the CC BY-NC-ND license  

(http://creativecommons.org/licenses/by-nc-nd/4.0/ 
 

 

Mohameed Tayeb Raoof 

Assistant lecturer 

Department of Geographic, 

Collage of Arts, Salahaddin 

University-Erbil, 

mohameed.raoof@su.edu.krd 

 
 

Mustafa Salih Ismael 

Assistant lecturer 

Department of Geographic, 

Collage of Arts, Salahaddin 

University-Erbil,a 

mustafa.ismael@su.edu.krd 

 

 

Dr.Daban Kadhim Omar 

Lecturer 

Department of Geographic, 

Collage of Arts, Salahaddin 

University-Erbil, 

daban.omar@su.edu.krd 

 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mohameed.raoof@su.edu.krd
mailto:mustafa.ismael@su.edu.krd
mailto:daban.omar@su.edu.krd


 

 
Journal of Babylon Center for Humanities Studies :2026  Volume: 16 Issue :9 

(ISSN): 2227-2895 (Print)    (E-ISSN):2313-0059 (Online) 

 

221 

Evaluating 38 Years of Surface Water Change in Iraqi Lakes and Dams Using 

Landsat-Derived Normalized Difference Water Index (NDWI) 

 

Journal of Babylon Center for H
um

anities Studies: 2026, Volum
e: 16, Issue: 9 

لرامةلا ة تمةكةتتا (NDWI) ص ماالأشمتماالص تعةاا)ت  ستت(ا مميماالفم االمتيياالمحبع
س ا)اغا ذلكا ياسراامسحاتتامتيةااميةسةا(0202ارىاعتماا6932)االمةتةاالسحاةاامناعتم

أ مةتا مةعاا.ا ش (الم صلغاس ا  كتنغاس ا مب  اتنغاس اا ةثاغاباةمةاالمزازةغا باةمةاالثمثتم
ا ام صا ابتسرا ام اس  ةاا(Google Earth Engine الرامةلات ارماكةب اإ يتء االال امن غ

ركيفاال رتيجاعناا افتضاكبةما ياا. اسرا اماعربتتارص ةفامتيياثتبرا (NDWI) لمميم
غاإلىا(R2 = 0.86)االمةتةاالسحاةاا ياباةمةاالمزازةا الرياأظهمتاار تهتار تزلةتاش ةتا مسرقما

ا(الثمثتما ا ةثا) ت باا افتضتتامما ظاا ياباةمرَيا ا أظهماس  ار تزلةتاا(الم صل). ار تهت
مسرقمةناا( مب  اتن) س اا(  كتن)أشلا ض اتغالك هاةبقىامما ظتغا يااةنابقياكلامناس ا

غامعا(تمالمزازةا ا ةثاا الثمث) سبةت.ارظهماامايحاالر ةماتاالمكت ةاا ق ا تا اسعاال حت الممةتةا يا
ا اس  ا ي ا قح احفةفا ا يا سحا.(الم صل)ر ةمات االهة م ل  ةا االض  ح اي ة اال رتيج ربمزاهذة

 غمباال ما ا رمك االات ااالمماااإلىاإ امةامسر اماالممةتةاتاسةمتا ياظلاالرا ةتتاال تبمةا
 .لما   ا الر ةماتاالم تاةااالمرستمعا

Abstract :  

Iraq’s surface water resources are under increasing pressure due to 

climate change, prolonged droughts, and upstream water management 

practices. This study aims to evaluate long-term changes in surface water 

extent across major Iraqi lakes and dams to understand hydrological 

trends over the past four decades. Using Landsat satellite imagery and the 

Normalised Difference Water Index (NDWI), we assessed surface water 

dynamics from 1986 to 2024 across six major water bodies: Mosul, 

Dokan, Darbandikhan, Hadithah, Razazza, and Tharthar. All analyses 

were performed in Google Earth Engine (GEE ) using annual NDWI 

composites and fixed water classification thresholds. Findings reveal 

significant surface water decline in Lake Razazza, which showed a strong 

and consistent decrease (R² = 0.86), and notable reductions in Tharthar 

and Hadithah. Mosul Dam experienced a smaller but clear downward 

trend, while Dokan and Darbandikhan remained relatively stable (R² = 

0.05). Spatial change detection maps show extensive water loss in 

Razazza, Hadithah, and Tharthar, with minimal change in Mosul Dam. 

These results highlight the severity of hydrological stress in central and 

western Iraq and underscore the urgent need for sustainable water 

management, particularly under transboundary water constraints and 

shifting climatic conditions. 
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1. Introduction  

In recent decades, the global climate system has been undergoing 

profound changes, with warming trends becoming increasingly evident 

across all continents. This global warming, primarily driven by the 

accumulation of greenhouse gases in the atmosphere, has led to shifting 

weather patterns and more frequent and intense climatic extremes 

(Intergovernmental Panel on Climate Change 2021). One of the most 

sensitive indicators of these climatic shifts is the hydrological cycle, 

which governs the distribution and availability of surface water resources. 

Particularly in semi-arid regions like Iraq, changes in precipitation 

regimes, increased evapotranspiration rates, and prolonged droughts have 

all contributed to a significant alteration in water body dynamics (Al-

Ansari, 2013). 

Iraq, situated in the heart of the Middle East, has historically relied on a 

limited number of major water sources, most notably the Tigris and 

Euphrates rivers and their tributaries. However, the combined effects of 

climate change and regional geopolitical developments have placed these 

water bodies under increasing stress (Al-Ansari 2013). In recent years, 

fluctuations in rainfall intensity and duration have been observed, with 

more frequent periods of drought interspersed with short bursts of heavy 

rainfall. These changing patterns have disrupted the replenishment cycles 

of lakes, dams, and reservoirs, many of which serve as critical sources for 

irrigation, drinking water, and hydroelectric power (Issa et al.,2014). 

Beyond climate change, anthropogenic pressures are further 

compounding Iraq’s water security challenges. Rapid population growth, 

urban expansion, industrialisation, and increased agricultural demand 

have all intensified the strain on existing water resources (Al-Falahi and 

Al-Azzawi 2021). The expanding population not only requires more 

direct water consumption but also indirectly drives water demand through 

increased food production and energy consumption (UNESCO and FAO 

2018) . This growing pressure has, in many cases, led to unsustainable 

water withdrawal rates and deteriorating water quality. 

Complicating matters further is the transboundary nature of Iraq's 

principal rivers. A significant portion of the Tigris and Euphrates river 

flow originates outside of Iraq, primarily from neighbouring countries 

such as Turkey and Iran (Mazlum, 2009). In recent decades, these 

upstream nations have undertaken extensive dam construction and water 

diversion projects. Turkey’s Southeastern Anatolia Project (GAP), for 

example, includes the development of numerous dams and irrigation 

schemes, which have significantly reduced downstream flow into Iraq 

(Altinbilek 2004). Similarly, Iran has redirected tributaries of the Tigris, 
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affecting the water balance in eastern and southern Iraq. These upstream 

activities not only limit Iraq’s access to freshwater but also alter the 

seasonal flow regimes that many ecosystems and human systems depend 

on (ORSAM.,2012). 

Given these overlapping challenges, it is more important than ever to 

monitor the spatial and temporal dynamics of surface water in Iraq. 

Understanding how lakes and reservoirs have changed over time is 

essential for crafting informed water management strategies and for 

ensuring the sustainability of water supplies in the face of growing 

uncertainty. Long-term monitoring allows stakeholders to detect trends in 

water availability, anticipate future shortages, and evaluate the impacts of 

both natural and anthropogenic influences. 

One of the most effective tools for monitoring surface water dynamics is 

satellite remote sensing (Pekel et al. 2016). Satellite data offers a cost-

effective, repeatable, and large-scale method for observing environmental 

changes over time, especially in regions where in situ data collection is 

limited or infeasible due to political, economic, or logistical constraints. 

Among the many satellite programs available, the Landsat series has been 

instrumental in long-term Earth observation (Roy et al., 2014). Since its 

inception in the early 1970s, Landsat has provided consistent, high-

resolution imagery suitable for tracking changes in land and water 

surfaces across decades. The continuity of the Landsat program, along 

with its free and open-access data policy, makes it particularly valuable 

for studying environmental change in developing and data-scarce 

countries like Iraq. 

In this context, spectral water indices such as the Normalised Difference 

Water Index (NDWI) have proven useful for detecting and delineating 

water bodies using satellite imagery (McFeeters 1996). The NDWI, 

which contrasts reflectance in the green and near-infrared (NIR) bands, 

enhances water features while suppressing non-water elements such as 

vegetation and soil. When applied to long-term Landsat data, the NDWI 

allows for the detection of interannual variability and persistent trends in 

surface water coverage. 

Before the advent and widespread accessibility of satellite remote 

sensing, surface water extent was commonly estimated through ground-

based hydrological surveys, manual field measurements, and aerial 

photography (Alsdorf et al. 2007). While these traditional approaches 

provided valuable local insights, they were often labour-intensive, time-

consuming, and limited in spatial and temporal scope. In situ gauging 

stations, for instance, were commonly used to monitor river discharge and 

reservoir levels, but their coverage was sparse and often restricted to 
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specific, accessible locations (Vörösmarty et al., 2000). Aerial 

photography offered broader perspectives, yet required favourable 

weather conditions and was costly to repeat over time. 

Hydrological models have also been employed to estimate surface water 

dynamics by simulating runoff, infiltration, and reservoir storage based 

on meteorological and land surface data. While these models can be 

powerful predictive tools, their accuracy heavily depends on the quality 

and resolution of input data, something often lacking in regions like Iraq. 

Moreover, such models require regular calibration and validation against 

observational data, which may be scarce or outdated. 

In contrast, modern remote sensing approaches overcome many of these 

limitations by enabling consistent, synoptic, and objective monitoring 

across large spatial extents and over multiple decades. In addition to 

Landsat, other satellite platforms such as MODIS, Sentinel-1, Sentinel-2, 

and, more recently, commercial high-resolution satellites have further 

expanded the ability to observe surface water dynamics at various spatial 

and temporal resolutions. Radar-based sensors like those aboard Sentinel-

1 offer the advantage of cloud-penetrating capabilities, which is 

particularly useful during the rainy season or in persistently cloudy 

conditions. Meanwhile, MODIS offers higher temporal resolution, 

making it suitable for monitoring rapid surface water changes, albeit at a 

coarser spatial scale. 

Furthermore, data fusion and machine learning approaches are 

increasingly being integrated with remote sensing to enhance surface 

water detection, reduce classification errors, and fill observational gaps. 

These advancements have significantly broadened the toolkit available 

for water resource monitoring, allowing researchers to explore surface 

water dynamics with unprecedented detail and continuity. 

This study aims to evaluate 38 years of surface water dynamics in six 

major Iraqi lakes and dams using Landsat imagery and the NDWI. 

Specifically, the research focuses on identifying patterns of surface water 

gain and loss over time, quantifying annual water extent, and detecting 

long-term changes in water body configurations. By utilising the 

computational capabilities of Google Earth Engine and the full historical 

archive of Landsat surface reflectance data from 1986 to 2024, this 

research provides a comprehensive assessment of how surface water 

resources have evolved in Iraq over nearly four decades. The results offer 

insights not only into the environmental changes affecting Iraqi water 

bodies but also into the broader implications of climate stress, regional 

geopolitics, and water governance in transboundary river basins. 
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2. Methods 

2.1 Study Area and Data Sources 

To assess long-term surface water dynamics in the lake system, we used a 

polygon shapefile delineating the lake boundaries. This shapefile was 

created based on the lake extent observed in Landsat imagery from 1986 

and uploaded as a custom asset to Google Earth Engine (GEE). In total, 

six lakes and dams were included in this study (Table 1 and Figure 1). 

The analysis spans the period from 1986 to 2024 and relies on optical 

satellite data from the Landsat program. Specifically, we used four Level-

2 surface reflectance datasets: Landsat 5 TM 

(LANDSAT/LT05/C02/T1_L2), Landsat 7 ETM+ 

(LANDSAT/LE07/C02/T1_L2), Landsat 8 OLI 

(LANDSAT/LC08/C02/T1_L2), and Landsat 9 OLI-2 

(LANDSAT/LC09/C02/T1_L2). These datasets provide atmospherically 

corrected surface reflectance and include pixel-level quality assurance 

(QA) bands, which are essential for filtering cloud and shadow artefacts. 

 

 

Table 1: Overview of major dams and artificial lakes included in this 

study, detailing their construction periods, anthropogenic origin, 

associated river systems, and corresponding references. 

Name 
Built / 

Created 

Human-

made? 

River 

(Location) 
Reference 

Mosul Dam 

Constructio

n: 1981–

1986; 

commission

ed July 1986 

Dam Tigris River 
(Annunziato 

et al. 2016) 

Dukan Dam 

Built 1954–

1959; power 

station 

operational 

~1979 

Dam 
Little Zab 

River 

Ali, 

Rawshan
20

19 

Darbandikh

an Dam 

Constructed 

1956–1961; 

inaugurated 

Nov 1961 

Dam 
Sirwan/Diya

la River 
Othman 2023 

Lake 

Razzaza 
(Milh) 

Late 1970s 

(flood-

control lake) 

Artificial 

lake 

Euphrates 

(via 

Habbaniyah

) 

(Jumaah et al. 

2022) 
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Haditha 

Dam 

Built 1977–

1988; 

completed 

1988 

Dam 
Euphrates 

River 

(Li et al. 

2018) 

Lake 

Tharthar 

Created 

1956 

(reservoir) 

Artificial 

lake/reservo

ir 

Inlet from 

Tigris; 

connects to 

Euphrates 

Sissakian 

2011 
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Figure 1. Location and spatial extent of the six major lakes and dams 

analyzed in this study across Iraq: Mosul, Dokan, Darbandikhan, 

Hadithah, Razazza, and Tharthar. The background map shows the 

elevation gradient across Iraq, ranging from low-lying areas (0 m) in the 

south to mountainous regions (up to 3591 m) in the northeast. Insets 

display the shape and surface water boundaries of each lake or reservoir, 

as derived from Landsat imagery. 
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2.2 Data Preprocessing 

Preprocessing steps were applied to ensure consistency and comparability 

across sensors (Landsat 4–5, 7, 8, and 9) and over time. All images were 

spatially subset using the lake boundary polygon and temporally filtered 

to cover the full calendar year (1 January–31 December) for each year 

within the study period. To reduce the impact of cloud and cloud-shadow 

contamination, we used the QA_PIXEL band and applied bitmask 

operations targeting clouds (bit 5) and cloud shadows (bit 3). Surface 

reflectance values from the SR_Bx bands were then rescaled using the 

coefficients provided by USGS (scale factor 0.0000275 and offset −0.2). 

After preprocessing, all reflectance data were harmonised to a common 

30 m spatial resolution, resulting in a consistent time series suitable for 

subsequent analysis. 

2.3 NDWI Computation and Water Classification 

To understand how the surface water extent of the studied lakes and dams 

has changed over the period considered in this study, we used the 

Normalised Difference Water Index (NDWI). The NDWI was calculated 

using the green and near-infrared (NIR) bands. Specifically, bands 

SR_B2 and SR_B4 were used for Landsat 5 and 7, while SR_B3 and 

SR_B5 were used for Landsat 8 and 9. The NDWI was computed as: 

 

NDWI= (Green + NIR) \ (Green−NIR) …………………………. Eq.1 

 

Annual NDWI composites were generated using the median of all NDWI 

images for each year. A fixed NDWI threshold of 0.1 was used to classify 

water pixels, as commonly applied in similar studies, although this value 

can be adjusted depending on lake characteristics. 

Moreover, to quantify the surface water extent annually, we applied the 

binary water masks to pixel area (30 m resolution), and calculated the 

total water-covered area using ee.Reducer.sum(). The resulting water area 

was then normalized by the total lake polygon area to estimate the 

percentage of surface water for each year. 

Finally, to assess long-term surface water change, we created a change 

detection map by subtracting the binary water mask of the first year 

(1986) from that of the last year (2024). The resulting difference image 

highlights areas of water gain (positive values), water loss (negative 

values), and no change (value = 0). This change map was visualized 

using a diverging color palette and exported as a GeoTIFF for further use 

and interpretation. 
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2.4 Precipitation Data 

To assess the potential influence of precipitation variability on lake 

surface water area, we integrated long-term precipitation data from the 

NASA Prediction of Worldwide Energy Resources (POWER) project. 

Specifically, we used monthly corrected precipitation totals 

(PRECTOTCORR) derived from the MERRA-2 reanalysis dataset, 

accessed via the NASA POWER Data Access Viewer. The dataset 

provides consistent, gridded climate variables with a spatial resolution of 

0.5° × 0.5° (approximately 50 km × 50 km at mid-latitudes), suitable for 

regional-scale environmental analysis. 

For each lake included in this study, precipitation data were extracted for 

the grid cell encompassing the lake centroid. The data spans the same 

temporal range as the Landsat imagery (1986–2024), allowing for annual 

aggregation and direct comparison with surface water extent metrics. In 

addition to supporting long-term trend analysis, this precipitation data 

was also used to assess statistical correlations between annual rainfall and 

surface water coverage for each water body considered in the study. By 

incorporating precipitation as a climatic driver, we aimed to better 

understand how interannual and decadal rainfall variability may have 

contributed to the observed changes in surface water coverage. This is 

particularly important for semi-arid and arid regions like Iraq, where lake 

water budgets are strongly influenced by both direct rainfall and upstream 

inflow regulated by dam operations and seasonal precipitation dynamics. 

3 . Results  

3.1 Temporal Surface Water Trends (1986–2024) 

The long-term analysis of surface water area changes reveals notable 

temporal fluctuations across all six lakes and dams (Figure 2). Among 

them, Lake Razazza exhibited the most dramatic and consistent decline in 

surface water coverage over the 38-year period. The lake experienced a 

strong negative trend with an R² of 0.86, indicating a substantial and 

steady decrease in water extent. Similarly, Tharthar and Hadithah lakes 

showed persistent downward trends in water body surface area. The 

regression analysis for Tharthar revealed an R² of 0.49, suggesting a 

moderate to strong decline, while Hadithah showed a weaker trend (R² = 

0.22), but with high interannual variability (Figure 2). 

Mosul Dam also experienced a general decline, although with relatively 

smaller annual fluctuations and a lower R² value (0.18). In contrast, both 

Dokan and Darbandikhan reservoirs showed the least pronounced trends. 

Dokan displayed minimal variation over time, and the regression line 

yielded a very low R² (0.02), indicating little to no long-term trend. 
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Darbandikhan also showed weak correlation (R² = 0.06), but with 

irregular year-to-year changes rather than a clear directional trend. 

 

  

  

  
 

Figure 2. Trends in surface water area change (%) for six major lakes and 

dams in Iraq from 1986 to 2024, derived using Landsat-based NDWI. 

Each panel shows observed annual surface water extent (blue dots), a 

fitted linear regression trend (dashed red line), and the corresponding 

regression equation and R² value. The figure highlights varying degrees 
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of long-term water surface decline across the water bodies, with 

significant negative trends particularly evident in Razzaza, Tharthar, and 

Mosul. 

 

 

3.2 Spatial Change Detection (1986 vs. 2024) 

The spatial change detection analysis between 1986 and 2024 reveals 

notable surface water loss across several lakes (Figure 3). Lake Razazza 

experienced the most pronounced shrinkage, with extensive areas along 

its perimeter showing complete water loss. Hadithah also showed 

considerable retreat, particularly along its southern and central zones. In 

contrast, Tharthar retained a more compact core water body but exhibited 

widespread contraction along its northern and western edges. Dokan and 

Darbandikhan displayed more localised reductions, primarily along the 

narrow fringes of their reservoirs. Among all six sites, Mosul Dam 

exhibited the least spatial change, with the majority of its surface water 

extent remaining stable, aside from minor localised reductions in the 

southern section (Figure3). 
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Figure 3. Spatial change detection of surface water extent in six major 

Iraqi lakes and reservoirs between 1986 and 2024. Areas in red indicate 

surface water loss, while blue areas represent unchanged water surfaces. 

The maps highlight the most significant contractions in Razazza, 

Hadithah, and Tharthar lakes, with relatively stable conditions observed 

in Mosul Dam. 

 

3.3 Precipitation Trends and Climate Correlations 

To better understand the role of climatic drivers in shaping long-term 

water surface dynamics, we examined the temporal trends in annual 

precipitation (Figure 4) and assessed their statistical relationships with 

surface water coverage across all six lakes and reservoirs (Figure 5). The 

precipitation data, obtained from the NASA POWER/MERRA-2 dataset, 

covers the full study period from 1986 to 2024 and was aggregated 

annually for each lake based on the corresponding grid cell at the lake 

centroid. 

The time series plots (Figure 4) reveal considerable interannual 

variability in precipitation across all sites, with no clear long-term trend 

in most locations. Dokan and Darbandikhan reservoirs received relatively 

higher annual rainfall totals, frequently exceeding 300 mm, with notable 

peaks observed in 2015 and 2019. Conversely, arid-region lakes such as 

Hadithah, Razazza, and Tharthar recorded substantially lower annual 

rainfall, typically below 200 mm, with more erratic fluctuations. 

Despite the expectation that precipitation might play a primary role in 

driving surface water changes, correlation analyses (Figure 5) showed 

only weak to moderate relationships between annual precipitation and 

surface water coverage. The highest positive correlations were observed 

for Dokan (R = 0.29) and Darbandikhan (R = 0.23), suggesting a partial 

influence of rainfall on water levels. However, several lakes showed 

negligible or even negative correlations. Notably, Lake Razazza exhibited 

a moderate negative correlation (R = -0.37), indicating that precipitation 

alone cannot explain its persistent surface water loss. Mosul and Tharthar 

had weak correlations (R = -0.14 and R = 0.11, respectively), while 

Hadithah showed virtually no correlation (R = -0.01), underscoring the 

dominance of other hydrological factors such as dam operations, inflow 

variability, and water extraction in shaping surface water dynamics. 
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Figure 4. Annual total precipitation (mm/year) from 1986 to 2024 for six 

major lakes and reservoirs in Iraq: Dokan, Darbandikhan, Mosul, 

Hadithah, Razazza, and Tharthar. The data were derived from the NASA 

POWER/MERRA-2 reanalysis product at 0.5° spatial resolution. Each 

panel shows year-to-year variability, highlighting significant fluctuations 

in rainfall patterns across different climatic zones in the country. 
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Figure 5. Scatter plots showing the relationship between annual 

precipitation (mm/year) and surface water coverage (%) for six major 

Iraqi lakes and reservoirs over the period 1986–2024. Each point 

represents a yearly observation. Dashed red lines indicate linear 
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regression fits, and the corresponding Pearson correlation coefficients (R) 

are shown in each panel.  

4. Discussion  

The multi-decadal analysis revealed a pronounced and spatially structured 

pattern of surface water loss across Iraq, particularly in its southern and 

central regions. Among all water bodies studied, Lake Razazza exhibited 

the strongest and most consistent negative trend (R² = 0.86), underscoring 

an alarming and sustained desiccation. This aligns with previous 

observations that highlight closed or semi-closed inland lakes as 

especially vulnerable to long-term climatic shifts and reduced water 

inflows (Al-Ansari, 2013; (Intergovernmental Panel on Climate Change 

2021. The spatial contraction of Razazza’s shoreline across its entire 

perimeter suggests a critical loss of functionality, both as a flood control 

mechanism and as an ecological habitat, with implications comparable to 

shrinking terminal lakes in other arid regions globally (e.g., Lake Urmia; 

(Azizi et al. 2024). 

In comparison, Lake Tharthar and Hadithah Dam showed negative trends 

of lower intensity (R² = 0.49 and 0.22, respectively), yet the spatial 

patterns of decline, particularly Tharthar’s retreat along northern and 

western shorelines, mirror those of reservoirs experiencing combined 

pressure from drought and upstream water abstraction. The correlation 

between these patterns and regional hydro-political developments is 

consistent with the findings of (Kibaroglu, et al. (2011), who documented 

the cumulative impact of Turkey’s GAP project and Iran’s diversion of 

tributaries such as the Karun and Sirwan on Iraq’s water inflow. This 

study strengthens the evidence that anthropogenic upstream control 

exacerbates climate-driven reductions in natural recharge, especially for 

Euphrates-fed systems. 

Contrasting these trends, the northern reservoirs of Dokan and 

Darbandikhan exhibited minimal long-term change (R² = 0.02 and 0.06). 

Their relative stability is consistent with their geographic setting in the 

Zagros region, where orographic precipitation remains more reliable 

(Othman, 2023) and catchment hydrology is less influenced by 

transboundary withdrawals. Moreover, local basin morphology and dam 

management practices may further buffer these systems against 

hydrological extremes, an effect also observed in high-altitude reservoirs 

in other semi-arid basins (Mueller et al. 2021). 

Mosul Dam presents an intermediate case. Although showing a weak 

decline (R² = 0.18), spatial analysis indicates localised shrinkage in the 

southern reaches. This nuanced pattern may reflect its upstream location 

on the Tigris and adaptive operational adjustments, as suggested by 
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recent water release policies (Alshami et al.,2020) While more stable than 

southern reservoirs, Mosul's trend points to emerging vulnerabilities that 

merit close monitoring. 

To contextualise these trends, we also examined the role of precipitation 

variability over the 38-year period using data from the NASA 

POWER/MERRA-2 dataset. The results showed strong interannual 

variability across all lakes, but no consistent long-term trends in total 

rainfall. Northern lakes such as Dokan and Darbandikhan generally 

received higher annual precipitation, often exceeding 300 mm, while 

southern lakes like Razazza and Tharthar experienced more erratic and 

lower precipitation levels, usually below 200 mm. This north-south 

gradient in rainfall distribution corresponds well with the observed 

patterns of surface water persistence. However, when directly correlating 

annual precipitation with surface water extent, the relationships were 

found to be generally weak. The highest positive correlations were 

observed in Dokan (R = 0.29) and Darbandikhan (R = 0.23), suggesting 

that precipitation contributes modestly to interannual water fluctuations in 

these reservoirs. For other lakes, including Mosul (R = -0.14), Hadithah 

(R = -0.01), and Tharthar (R = 0.11), the correlations were near zero or 

negative, indicating that factors other than direct rainfall, such as 

regulated inflows, dam operations, and groundwater extraction, play a 

more dominant role in shaping water surface dynamics. 

Lake Razazza exhibited a moderate negative correlation (R = -0.37), 

implying that even during wetter years, surface water did not recover, 

likely due to sustained anthropogenic extraction or limited upstream 

contributions. This finding reinforces the idea that precipitation alone is 

not a sufficient explanatory variable for water surface change, particularly 

in highly regulated or terminal lake systems. 

Together, these results underscore the complex interplay between 

climatic and non-climatic drivers of surface water variability in Iraq. 

While rainfall variability contributes to year-to-year fluctuations, the 

overriding influence of water management policies, upstream 

withdrawals, and dam operations, especially in downstream and arid-zone 

lakes, appears to be more decisive. These insights call for a more 

integrated water governance strategy that accounts for both natural 

variability and human-induced controls in hydrological planning and 

climate adaptation frameworks. 

5. Study Limitations and Implications 

Although this study provides a comprehensive, multi-decadal assessment 

of surface water dynamics across Iraq using Landsat-derived NDWI, 

several limitations should be acknowledged. First, the analysis relied 
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solely on optical satellite data, which can be affected by cloud 

contamination and atmospheric conditions despite the applied corrections. 

Second, the use of a fixed NDWI threshold may introduce classification 

uncertainties across different water types, turbidity levels, or seasonal 

conditions. Third, precipitation data were derived from a coarse-

resolution reanalysis product, which may not fully capture local rainfall 

variability or inflow contributions from upstream catchments. Moreover, 

the absence of in situ hydrological measurements limited the validation of 

satellite-derived water extent. Despite these limitations, the findings 

provide valuable long-term insights into Iraq’s surface water trends. They 

underscore the importance of integrating multi-sensor observations (e.g., 

radar or higher-resolution optical data) and ground measurements in 

future studies to improve accuracy and support evidence-based water 

management and policy development in transboundary and climate-

stressed regions. 

 

6. Conclusion 

This study utilised 38 years of Landsat imagery and NDWI analysis to 

assess surface water trends across six major lakes and dams in Iraq. The 

findings reveal a stark reality: Iraq’s surface water bodies have undergone 

significant and uneven transformations, with the most severe contractions 

occurring in southern and central areas, particularly in Lake Razazza, 

Tharthar, and Hadithah. In contrast, northern reservoirs like Dokan and 

Darbandikhan remained largely stable. 

The causes of these changes are multifaceted, involving reduced rainfall, 

intensifying drought, and extensive upstream damming and diversion in 

Turkey and Iran. These combined pressures are diminishing Iraq’s water 

security and threatening both ecological integrity and socioeconomic 

stability. 

By leveraging satellite remote sensing and long-term NDWI trends, this 

research provides critical evidence for policymakers, hydrologists, and 

regional planners. In light of ongoing regional water negotiations and 

increasing climate volatility, prioritising transboundary water-sharing 

agreements and adaptive water management strategies is essential for 

Iraq’s future sustainability. 
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