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Water security is a critical issue that occupies a significant place in scientific research due 

to its impact on water resource management. Monitoring the lake surface area is essential 

for understanding environmental transformations and planning sustainable water 

management. Image processing tools facilitate the separation of water bodies from the 

rest of the image, enhancing the accuracy of lake surface area estimation in complex 

environments. This study employs satellite imagery and advanced image processing 

algorithms to examine the changes in the surface area of Habbaniyah and Tharthar lakes 

in Iraq. For this purpose, satellite images from 2000 to 2024 were analysed. Water pixels 

were identified using threshold-based binarisation and segmentation techniques 

implemented in Mathematica. The accuracy of the proposed methodology was evaluated 

using three statistical performance metrics: R2, RMSE, and MAPE. The results revealed 

a 7.1% reduction in surface area for Habbaniyah Lake and a 1.15% reduction for Tharthar 

Lake in 2024. The method achieved an accuracy of 0.954. These findings support the 

development of automated monitoring and early warning systems to investigate changes 

in the area of freshwater bodies. Further research is recommended to analyse flow rates, 

evaporation, and rainfall patterns. 
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1. INTRODUCTION

Water security is defined as the availability of sufficient, 

quality water for life requirements. Lakes are an essential part 

of providing water sources. Lakes are formed by water flow 

from rivers upstream or the release from outlets downstream. 

Within the water cycle, lakes hold immense value by acting as 

essential regulators and storing precious water resources, 

effectively cleansing them of harmful elements [1]. The 

majority of water used for farming practices, approximately 

70%, is sourced from lakes [2]. Studying fluctuations in lake 

surface area is essential for enhancing the regulation of 

operational water supplies, particularly in the face of shifting 

climate conditions. In managing water resources, preserving 

and utilizing the water in lakes and reservoirs is necessary. 

Floods can be prevented with integrated surface area 

monitoring and water flow control. Additionally, continuous 

monitoring of lake surface areas provides essential and in-

depth insights into hydrology, environmental changes, and 

climate [3-5].  

Satellite images and remote sensing facilitate monitoring 

long-term changes in lake surface area [6]. Today, 

advancements in remote sensing allow for more detailed 

tracking of lake surfaces [7]. The evolution of remote sensing 

technology has completely transformed how we observe lake 

surface areas, providing us access to invaluable resources and 

innovative techniques for data collection efficiency [7-10].  

From an international point of view, various investigations 

have been published on water security, particularly to regulate 

and assess the changes of lakes [11, 12]. Water security in Iran 

has been evaluated over the past 20 years using eight 

indicators [13]. The study [14] revealed a decline in water 

security between 1996 and 2016, underscoring the need for 

sustainable management and a balance between water use and 

available resources. The volume and area of the Aral Lake 

were investigated through geospatial quantitative analysis of 

satellite images from 1987 to 2018, utilizing the NDWI index. 

Chipman [15] published a study on monitoring the trends in 

area, volume, and water level of Toshka Lake in Egypt. The 

author used the Normalized Difference Lake Index (NDLI) 

and Enhanced Lake Index (ELI) metrics to calculate water 

areas. Another study utilized satellite images to investigate the 

relationship between temporal-spatial changes and water 

temperature at the surface of Burdur, Egirdir, and Beysehir 

lakes in Turkey, as presented in the study [16].  

In contrast, managing the area of lakes in dry locations, such 

as Iraq, is crucial for conserving water, strengthening 

resistance to drought, averting salinity, and sustaining 

harmony within the ecosystem [17, 18]. Therefore, several 

researchers have presented their efforts to study geo-climatic 

changes in order to determine their impact on Iraq’s water 

bodies. The study by Husain [1] examined changes in water 

levels in five different lakes across five regions of Iraq over a 

40-year period (1972-2012). Archived remotely sensed

images were used to determine surface areas around lakes and

dams, providing insights on lake level and surface area

fluctuations. The water system of these lakes was assessed

using GIS and remote sensing. The results revealed a decrease
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in the total surface area and water volume of the lake. Recently, 

the paper of Al-lami et al. [19] evaluated the changes in the 

area of Razzaz Lake. Their study used satellite images and 

Normalized Difference Vegetation Index (NDVI), Normalized 

Difference Moisture Index (NDMI), Normalized Difference 

Water Index (NDWI), and Water Index (WI) indices to extract 

the water area. In addition, detecting the temperature and 

calculating the water area of a Hamrin lake were the main 

goals of another study [20]. This study recommends taking 

rapid measures to address the community's water needs in 

areas with multiple sources of human consumption. It also 

emphasized the need to make the most of rainy seasons and 

water abundance to develop long-term plans for preserving 

water resources. In addition, research worldwide has focused 

in recent years on water security and conserving water 

resources such as lakes, as presented in Refs. [21, 22]. For 

example, a study highlighted the importance of integrating 

climate adaptation into water governance frameworks by 

discussing how climate change exacerbates water insecurity, 

particularly in arid and semi-arid regions [23]. In contrast, it is 

worth noting that research into freshwater resources in Iraq 

over the last 20 years has remained limited, especially given 

that water security has become increasingly at risk in recent 

years [11].  

Digital image processing has gained increasing importance 

in recent decades due to its ability to extract information from 

images and transform it into data that can be analyzed 

quantitatively [24]. This field has become an essential 

component for many scientific and engineering applications 

(see refs. [25-27]). Using techniques such as visual 

enhancement, segmentation, and feature extraction enhances 

analysis accuracy and reduces human error. The methods of 

binarizing satellite images and utilizing Landsat data are not 

entirely novel; however, no study has yet been conducted to 

examine the Therthar and Habbaniyah lakes in Iraq over long 

periods. Therefore, the current study highlights this research 

gap. Furthermore, this study analyzes the directional changes 

in lake morphology and uses non-spectral techniques to 

enhance accuracy, which is less common in similar studies. 

Although spectral indices such as NDWI and NDMI have been 

used in numerous previous lake monitoring studies, many of 

these studies lack directional analysis or may have difficulty 

extracting accurate lake boundaries, especially in complex 

environments (see refs. [1, 19]). Table 1 provides a 

comparison between the current study and a number of other 

local studies. 

The primary goal of this study is to identify and examine the 

fluctuations in water surface size and shape alterations of the 

Therthar and Habbaniyah lakes in Iraq over a 24-year period 

(2000-2024). This study uses Mathematica software to process 

satellite images within the lakes region. In addition, by 

examining the shape of the lake and the extent of its changes 

from different directions, the greatest or least regional changes 

were estimated.  

The present study analyzes performance using Root Mean 

Squared Error (RMSE), Coefficient of determination (R2), and 

Mean Absolute Percentage Error (MAPE), enabling 

quantitative evaluation of watershed extraction. On the other 

hand, challenges such as the influence of vegetation or spectral 

noise may affect spectral analysis indices. In this paper, we 

employed image processing techniques, including binarization 

and segmentation, to more accurately calculate the lake 

surface area, thereby enabling better identification of actual 

water boundaries and reducing errors caused by inconsistent 

spectral values. 

Table 1. An analytical comparison between the current study 

and a number of other local studies 

Study Period Analysis 

Tools 

Lake Area 

Calculation 

Directional 

Analysis 

Ref. 

[1] 

1972–

2012 

Landsat 

images 

NDWI only No 

Ref. 

[19] 

2000–

2020 

NDVI ،NDMI Spectral 

indicators 

No 

Ref. 

[20] 

2000–

2021 

NDWI, 

surface 

temperature 

Thermal 

indicators 

No 

The 

current 

study 

2000–

2024 

Binarization 

and 

segmentation 

Direct 

image 

processing 

Yes 

2. MATERIAL AND THEORETICAL BACKGROUND

2.1 Study area 

Lakes Tharthar and Habbaniyah in Iraq were selected based 

on the ease of access to data and the lack of effective 

monitoring of their surface area (see Figure 1). Furthermore, 

changes in recent years, such as decreased rainfall, necessitate 

studies to evaluate these water bodies.  

Figure 1. The lakes distribution: (1) Tharthar, and (2) 

Habbaniyah 
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Table 2. Specifications of two selected lakes (Tharthar and Habbaniyah) 

Lake Maximum Area 

(km2) 

Type Maximum Depth 

(m) 

Surface Elevation (m) Purpose of Use 

Tharthar 2710 Freshwater 65 3 Irrigation, tourism, and shipping 

Habbaniyah 425 Freshwater 13 49 Drinking water, irrigation, and agriculture 

A summary of the characteristics of the lakes used is given 

in Table 2. Lakes Habbaniyah and Tharthar are two natural 

water bodies in Iraq. Lake Tharthar, locally known as 

Buhayrat al-Tharthar, is at 33.9847° N, 43.2522° E and was 

artificially formed in 1956. It is located 100 kilometers 

northwest of Baghdad, between the Tigris and Euphrates rivers. 

The surface area  of this Lake is approximately 2,710 square 

kilometers, with a length reaching a maximum of 120 

kilometers and a width of up to 48 kilometers [1]. The lake 

ranges from 40 to 65 meters deep and has an estimated water 

volume of 35.18 to 85.59 cubic kilometers. Lake Habbaniyah 

is located in Anbar Province, with coordinates 33.2919° N, 

43.4645° E. This lake is considered a significant body of water 

in Iraq with a surface area of 140 square kilometers [1]. 

Ranging in depth from 9 to 13 meters and measuring 35 

kilometers long by up to 25 kilometers wide. The Euphrates 

River mainly feeds the lake. Agriculture irrigation, drinking 

water needs, and animal activities benefit from the water 

sourced from Lake Habbaniyah. 

2.2 Data description 

Spatial and temporal transformations in the study area from 

2000 to 2024 were analyzed by processing 48 high-quality 

Landsat images using the USGS Global Visualization. These 

images are accessible via the Landsat look platform 

(https://landsatlook.usgs.gov/explore) and are suitable for 

assessing lake surface areas and geospatial mapping. 

2.3 Water body detection 

In the first step, high-resolution infrared Satellite images 

with minimal cloudiness were extracted. Figure 2 shows a 

sample image extracted from the Landsat sensor for Tharthar 

and Habbaniyah lakes.  

Figure 2. Landsat sensor image for Tharthar and Habbaniyah 

lakes 

In the next step, to increase the accuracy and efficiency of 

the used method, the images were cut and scaled. Image 

scaling plays an essential role in estimating lake area changes 

in this study. On the other hand, all tasks related to image 

processing and calculations have been performed using the 

Mathematica software. 

In this study, the key approach and method for detecting the 

water body in the lake is the binarization of images. This 

process involves dividing the pixels into two groups: white and 

black. In the binarization method, a threshold limit is specified, 

and pixels within that range are assigned the value 1 (white), 

while pixels outside that range are assigned the value 0 (black). 

The segmentation step improves the analysis of features in the 

image. Therefore, white pixels indicate pixels relating to the 

lake, whereas black pixels indicate pixels in places unrelated 

to the lake.  

2.4 Estimation of surface area 

Pre-processing steps were applied to Landsat satellite 

images to address potential spectral noise and atmospheric 

influences. 

These stages include atmospheric correction, noise removal, 

and contrast enhancement. Then, the binarization and 

segmentation approaches were used. After processing the 

images and determining the water body of the lake, the area of 

each pixel is calculated based on the determined scale in 

square kilometers. To complete this procedure, it was 

necessary to calculate the Euclidean distance between two 

specific points on the scale. 

𝐸𝐷 = √Abs[𝑎 − 𝑥]2 + Abs[𝑏 − 𝑦]2 (1) 

𝑆𝑐𝑎𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐸𝐷

𝑆𝑐
(2) 

Sc denotes the accurate scale of the image, measured in 

kilometers squared. Following this, the size of every 

individual pixel was determined based on the equation below: 

𝑃𝑖𝑥𝑒𝑙 𝐴𝑟𝑒𝑎 =
1

𝑆𝑐𝑎𝑙𝑒 𝐹𝑎𝑐𝑡𝑜𝑟2 (3) 

After determining the area of each pixel, the total number 

of white pixels corresponding to the lake is counted. 

Multiplying the area of each pixel by the number of white 

pixels, the total area of the lake is determined in square 

kilometers for each lake.  

2.5 The proposed method 

This section summarizes the methodological steps 

sequentially adopted in the study. Figure 3 illustrates the 

research workflow stages. These stages include  data 

collection, processing, binarization, segmentation, area 

calculation, and statistical evaluation using R², RMSE, and 

MAPE. 

1. Image selection: Satellite images were selected based

on criteria including clear cloud cover, uniform

temporal coverage, and the availability of appropriate

spectral bands.

2. Preprocessing: This included atmospheric correction

and contrast enhancement using tools built into

Mathematica to ensure the clarity and accuracy of the

visual data.

3. Binarization: A fixed numerical threshold was used
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to ensure accurate discrimination between water and 

surrounding areas. Then the different image 

characteristics has been calculated as shown in the 

pseudocode below.  

        For each pixel in the image: 

If pixel value < threshold: 

   Set pixel = 0 (background) 

Else: 

Set pixel = 1 (lake) 

4. Segmentation: Water bodies were isolated using

contiguous cluster analysis in binary images,

allowing for highly accurate lake boundaries.

5. Lake area calculation: The Euclidean distance

between known scale points was used to derive pixel

size as shown in Eq. (1). The total surface area of the

lake was computed by multiplying the white pixel

count by the area of a single pixel as shown in Eq. (2).

6. Software: Mathematica was chosen due to its high

capacity for performing advanced image processing

steps and its immediate support for equations and

statistical analysis, eliminating the need for external

plugins.

2.6 Model performance measurement 

To evaluate the performance of predictive or analytical 

models, a set of statistical indicators is used to measure the 

accuracy of model and its ability to represent actual data. 

These indicators help determine how close predicted values 

are to actual values and contribute to comparing the 

performance of different models. In this study, RMSE, R², and 

MAPE have been calculated and analyzed. 

2.6.1 Root Mean Squared Error 

RMSE measures the average difference between the actual 

and predicted values after squaring these differences and 

taking the square root. The smaller the RMSE value, the closer 

the predictive model produces results that are closer to the 

actual values. 

RMSE =√ ∑
(𝑦𝑖−𝑦𝑖

^)2

𝑚

𝑚
𝑖=1

(4) 

𝑦𝑖 − 𝑦𝑖
^ presented obove represents the absolute difference

between the actual and predicted value, respectively. The 

value of m is the total number of observations.  

2.6.2 Coefficient of determination 

𝑅2represents the percentage of variance in the dependent

variable explained by the independent variables in the model. 

Its value ranges from 0 to 1. 

𝑅2 = 1 − 
∑ (𝑦𝑖−𝑦𝑖

^)2𝑚
𝑖=1

∑ (𝑦𝑖−𝑦−)2𝑚
𝑖=1

(5) 

𝑅2equal to 1 means that 100% of the variance in the real

data and is considered a perfect model whose predictions 

match the actual values perfectly.  

2.6.3 Mean Absolute Percentage Error 

MAPE is a measure that expresses the absolute error ratio 

between the predicted and actual values relative to the true 

value, expressed as a percentage. It is used to measure the 

relative accuracy of a model and is easy to interpret because it 

expresses the error as a percentage. 

MAPE =
1

𝑚
∑ |

𝑦𝑖−𝑦𝑖
^

𝑦𝑖
| × 100𝑚

1  (6) 

Figure 3. A detailed flowchart illustrating the steps performed in this paper, including data collection, preprocessing, 

methodological development, experimental implementation, and evaluation of results 
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3. RESULTS AND DISCUSSION

3.1 Results analysis 

This study calculates the surface area of Habbaniyah and 

Tharthar lakes for the period from 2000 to 2024 by processing 

Landsat images using binarization and segmentation 

techniques. Furthermore, to evaluate the performance of the 

proposed method, RMSE, R2, and MAPE criteria were 

calculated.  

Table 3 provides an overview on the results, highlighting 

the range of lake area values observed during the research 

timeframe. According to Table 3, the results show that the 

model provides high accuracy in representing spatial changes, 

with a MAPE of 2.071% for Tharthar Lake, while it reached 

6.405% for Habbaniyah Lake. The RMSE values reached 

50.269 km² and 19.561 km² for both Tharthar and Habbaniyah 

Lakes, respectively.  

The R² values for Lake Habbaniyah and Lake Tharthar are 

0.954 and 0.936, respectively, indicating a high level of 

agreement between the extracted values and the actual 

references. The R² values exceeded 0.93 for both lakes, 

indicating the ability of our method to interpret temporal 

changes in lake surface area accurately.  The RMSE and 

MAPE statistical values demonstrated the proposed 

methodology's good performance for both Tharthar and 

Habaniyah lakes. 

Figure 4 illustrates the shape changes of the two lakes in 

different directions and their corresponding rates in most cases. 

According to Figure 4 (a), which relates to Habbaniyah Lake, 

the highest increase in surface area occurred in 2003, with a 

rate of 111.6%, compared to 2002. In contrast, a reduction in 

surface area happened in 2015, with a rate of 51.3%. On the 

other hand, one can notice that Lake Habbaniyah lost a new 

part of its remaining area in 2024, reaching  7.1%.  

Alternatively, in Figure 4 (b), which is related to Tharthar 

Lake, one can notice that the most significant increase, with a 

rate of 40.04%, occurred in 2019, and the most significant 

decrease, with a rate of 16.23%, occurred in 2008. A new 

reduction of 1.15% in the Lake Tharthar area was observed in 

2024. 

The decline in recent years, in the surface area of 

Habbaniyah and Tharthar  lakes indicates the possibility of 

climatic or human influences on the balance of water resources. 

These implications will be discussed in detail in section 3.3.  It 

is worth noting that the accuracy of the results was not limited 

to numerical measures only, but it is also supported by visual 

analysis of the time maps, as shown in Figure 4, which 

contributes to providing an integrated reading that combines 

quantitative and qualitative aspects.  

Table 3. Statistical values related to the surface area of Tharthar and Habbaniyah lakes for the period 2000–2024 

Lake Minimum Area (km²) Maximum Area (km²) RMSE (km2) R2 MAPE 

Tharthar 1595 2069.11 50.269 0.936 2.071 

Habbaniyah 130.54 370.12 19.561 0.954 6.405 

Figure 4. Shape changes in different directions for (a) Habbaniyah, and (b) Tharthar, Iraq lakes 
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Figure 5. Scatter plots and evaluation criteria of two selected lakes provide insights into their similarities, differences, and the 

performance of the proposed assessment method 

Figure 6. Box plots and evaluation criteria of two selected lakes 

3.2 Data validation 

The accuracy of our model was verified using a set of 

standard statistical indicators, including RMSE, R², and 

MAPE (see Table 3). MAPE is one of the most widely used 

metrics for measuring error rates independently of data size. 

The achieved MAPE values indicate that the model can predict 

the actual lake area values, especially since the error rate did 

not exceed 7% in either case (see Table 3). Low MAPE values 

also supported the RMSE results, indicating that absolute 

deviations were limited.  This enhances the reliability of our 

model and applicability in various environmental contexts, 

whether for monitoring seasonal changes or for preparing 

accurate temporal maps of water bodies. For Habbaniyah Lake, 

as shown in Table 3, the RMSE was 19.56 km², the R² reached 

0.954, and the MAPE was 6.405%. In contrast, Tharthar Lake 

had an RMSE of 50.27 km², an R² of 0.936, and a MAPE of 

2.071%. These values indicate a high level of agreement 

between the estimated and actual surface area measurements 

in both lakes. The high R² values reflect the consistent output 

of the proposed model. The relatively low RMSE and MAPE 

suggest minimal deviation between predicted and reference 

values. These findings confirm the validity and robustness of 

the binarization and segmentation techniques employed in this 

study. Figure 5 shows the scatter plots and evaluation criteria 

of two lakes (Tharthar and Habaniyah).  

From the scatter diagram of Habbaniyah Lake in Figure 5, 

it can be seen that the points are less scattered than those of 

Lake Tharthar. Additionally, Figure 6 shows a box plot 

between actual and estimated values for Tharthar and 

Habaniyah lakes. According to the box plot of Habbaniyah 

lake (Figure 6), the minimum, average, and maximum values 
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for both the actual and estimated values are equal to 

Min=)130,  118(, Mean=)245,  255 (, and Max=)370,  383 (. 

Also, for Tharthar lake Min= (1594,1575), Mean=(1741,1769) 

and Max=(2069,2208).  

Graphics such as scatter plots and box plots (Figures 5 and 

6) accurately illustrate the distribution and correlation between

the actual and extracted values.  The time series from 2000 to

2024 presented a significant decrease in the surface area of the

two lakes, especially in 2009 and 2015. While both lakes

showed a strong correlation between estimated and actual

surface areas, comparing the validation metrics reveals that the

method performed slightly better for Habbaniyah Lake. This

can be attributed to the lake’s more regular shape and more

apparent spectral separation from surrounding land and

vegetation, which facilitates more accurate segmentation.

In contrast, Tharthar Lake, with its larger surface area and 

more complex shoreline geometry, presents more challenges 

for image thresholding and pixel classification. These 

geographical and spectral characteristics likely contributed to 

the higher Root Mean Square Error (RMSE) observed in its 

estimation. Nonetheless, the overall results for both lakes 

indicate that the proposed method is reliable and suitable for 

monitoring surface water bodies, particularly in regions with 

limited ground-based observations. 

3.3 Discussion and environmental implications 

The primary focus of this study was on utilizing satellite 

imagery to examine the ever-changing surface water regions 

of two critical lakes in Iraq (Habbaniyah and Tharthar). 

Compared to traditional monitoring programs, satellite remote 

sensing provides a more comprehensive approach to collecting 

geographically and temporally dense data for estimating lake 

surface area. Efficient processing of satellite images within 

Mathematica software enabled detailed analysis of 

spatiotemporal changes occurring in the lakes. Most studies in 

the field of monitoring lake surface area using satellite images 

have employed standard indicators to extract the water area of 

lakes [16, 28-30]. There have been limited studies thus far on 

assessing the size and outline of Iraq's lakes. Research has 

been scarce specifically on surface area monitoring of Lake 

Habbaniyah and Tharthar in Iraq.

The slight variation in the results accuracy between Lake 

Habbaniyah and Lake Tharthar suggests that the lake shape 

and vegetation cover influence the quality of the extraction. 

Lake Habbaniyah has a more regular shape and clearer spectral 

reflectances. 

The results from previous research are similar to those 

obtained through the binarization-oriented methodology [1, 

28]. The Landsat series data stands out with its sophisticated 

sensors, tailored spectral bands for diverse uses, fluctuating 

spatial resolutions, and a track record of ongoing 

advancements in satellite technology for observing Earth [31]. 

By applying remote sensing technology, a highly capable 

technique, decision-makers and officials can gain significant 

insight into water level fluctuations over time at a lower cost 

and with exceptional performance. 

The results of this study are consistent with trends reported 

by the Iraqi Ministry of Water Resources, which indicate 

declining water levels during drought periods.  Unlike the 

method used by Al-Lami et al.  [19], which relied solely on the 

NDWI index, this study demonstrates an improvement in 

monitoring both morphological transformations and temporal 

changes in lake surfaces. Therefore, we can infer that relying 

on direct image analysis instead of spectral indices increases 

the system's detection efficiency and reduces the impact of 

changing environmental conditions. These results may 

significantly contribute to designing effective decision support 

frameworks for managing lake systems, especially in areas 

prone to drought or experiencing agricultural expansion. 

It is worth noting that the reduction in the surface area of 

Lake Habbaniyah and Lake Tharthar, particularly in recent 

years, reflects the impact of climate change on water resources. 

Furthermore, it also points to shortcomings in long-term water 

management policies and calls for developing flexible 

adaptation plans. For example, a 7.1% decrease in the surface 

area of Lake Habbaniyah could negatively impact local water 

security, given the dependence of neighbouring agricultural 

communities on its water for irrigation. The loss of water areas 

also affects biodiversity and threatens the habitats of aquatic 

species and migratory birds, requiring proactive 

environmental intervention. 

One may infer that the previous studies, such as the analysis 

of changes in the Aral Lake or the lakes of Central Asia, the 

gradual reduction in lake area often precedes severe 

environmental and economic crises  [32, 33]. Therefore, the 

changes observed in our study in Lakes Tharthar and 

Habbaniyah should be considered early signs calling for 

urgent management and environmental action. From a 

management perspective, it is recommended to develop an 

integrated water resources management framework that 

includes continuous satellite monitoring, periodic updating of 

Lake data, and linking them to water allocation plans. 

Comparisons with similar lakes in arid environments, such as 

Lake Toshka in Egypt, highlight the importance of 

incorporating water quality indicators and evaporation levels 

into future analysis  [34]. This will provide deeper insights into 

the causes and prognosis of changes. Continued shrinkage of 

water areas without appropriate interventions could lead to 

environmental disturbances and direct threats to agriculture, 

biodiversity, and food security in the region. 

The low MAPE values indicate that the prediction errors for 

the areas were minor compared to the actual values, 

demonstrating the effectiveness of the model used. 

Specifically, the MAPE value of 2.071% for Lake Tharthar 

represents a very high estimation accuracy, especially given 

the large area of the lake (between 1,595 and 2,069 km²), as 

the relative error decreases significantly over larger areas. In 

contrast, the MAPE value for Lake Habbaniyah (6.405%) 

remains within the acceptable range. It indicates a relatively 

higher impact of error due to the lake's small area, making the 

error percentage more significant. Furthermore, the high R² 

values (over 0.93) confirm that the model can explain more 

than 93% of the variance in the data, thereby enhancing the 

reliability of the results obtained and providing a strong basis 

for employing the model in water body monitoring studies. 

While the present study employed remote sensing 

techniques and Landsat data, several advancements and 

distinctions are notable. Our results demonstrate that 

segmentation techniques yield higher accuracy compared to 

spectral indices, enabling the identification of lake boundaries 

even in conditions where spectral values are not ideal. This 

makes this method a powerful tool for more accurate water 

body analysis. This method overcomes the drawbacks of 

mixed-pixel settings by improving pixel-level water 

identification precision and reducing dependency on 

conventional spectral indices. 
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4. CONCLUSION

The binary analysis and segmentation methods are highly 

efficient in extracting lake surface areas by processing satellite 

images. To the best of our knowledge, the results reveal 

valuable insights into surface changes in two lakes in Iraq 

through satellite image analysis over a 24 years.  

Based on the observed results, the proposed methodology 

offers higher accuracy in identifying water bodies, especially 

in environments with high spectral variances. This enhances 

its potential for use in remote sensing applications to monitor 

water bodies with greater accuracy and reliability. It may be of 

utility in developing automatic monitoring and early warning 

systems for fluctuations in lake surface area. In addition, it 

might be interest to investigat other related parameters, such 

as discharge rate, nutrition, precipitation, and 

evapotranspiration. This research expands its scope by 

integrating predictive implications for drought resilience and 

water management, advocating for the use of automated 

systems to address emerging challenges.  The results showed 

that temporal changes in area reflect the impact of lakes on 

climatic conditions, particularly the drought periods between 

2003 and 2015. These results demonstrate the potential for 

using this approach in monitoring surface water resources and 

support decision-makers. It could be interesting now to apply 

the system to other lakes in Iraq and integrating it with ground-

based hydrological data to enhance the accuracy of analysis 

and predict future changes. 
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