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Abstract: The construction of 22 dams on the Euphrates has reduced the flow of this river, changed 

the hydrology and destroyed the ecosystem. In order to understand the effect of extreme 

management on water, 4 coastal points from the Euphrates catchment area were selected to 

investigate the dynamics of the water level. Using the Cadmium method, the radius of each point 

was calculated to be 140 meters to study the NDWI index and satellite monitoring. 546 Landsat 8 

OLI/TIRS satellite images from 2013 to 2022 were used. The analysis showed that the water level of 

the Euphrates in the fourth coordinate is directly related to the data of the first and third coordinates 

and the dynamics of the water level in the fourth coordinate is 3.6 to 4.2 percent of the first 

coordinate and another 5.2 to 5.9 percent is affected by the third coordinate. Is. Also, the data from 

August 2013 to 2022 were analyzed. The results showed that the correlation coefficients of the data 

related to the first coordinates are related to the third and fourth coordinates. It was proved that 

fluctuations in the first coordinate led to 27% change in the third coordinate in the months of August. 

Also, the changes in the first point caused 18-19.8% change in the dynamic level of water in the 

fourth point, and 22.5% of the changes in the water level in the fourth coordinate were affected by 

the third point. 

Keywords:  Euphrates River; NDWI index; satellite monitoring; hydrological changes; water level 

dynamics 

 

Introduction 

The Euphrates River, with a length of approximately 2,800 kilometers (some sources mention 

3,000 kilometers), is one of the largest and most significant rivers in the Middle East [1]. It originates 

from the Anatolian Mountains in Turkey and flows through Syria and Iraq, eventually joining the 

Tigris River to form the Shatt al-Arab. The Shatt al-Arab, in turn, merges with the Karun River in 

Iran, forming the Arvand River, which finally discharges into the Persian Gulf. The Euphrates River 

holds particular importance for water supply, agriculture, fishing, hydropower generation, and the 

preservation of biodiversity and the historical identity between the Mesopotamian region [2–6]. 

Studies have shown that the highest volume of river discharge occurs in the months of April and 

May, accounting for approximately 36% of the annual volume (sometimes reaching 60 to 70%) on 

average [7–9]. Prior to this study, researchers had warned about the hazards and consequences of 

uncontrolled dam construction in the Mesopotamian basin [10–15]. 

Construction and operation of numerous dams upstream of this river have had significant 

negative impacts on the water level, flow, and quality with Turkey taking the lead by constructing 

and operating 14 dams on the main branches and tributaries of the Euphrates [7,16–19]. The Atatürk 

Dam reservoir alone has the capacity to hold the entire annual discharge of the Euphrates River [7,16–
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18]. Following Turkey, Syria has constructed 4 dams [20–23], and Iraq has also implemented 4 

dams/flood barriers [9,10,20,24–32]. 

Research indicates that the hydrological regime and flow pattern of the region and this river 

have been altered, resulting in a decline in the stability of groundwater levels [33–35]. Furthermore, 

climate change has led to a reduction in precipitation and an increase in evaporation [1,27,36] within 

its watershed [37–40], although this is a global trend [15,41–45]. Wars, dam constructions, droughts, 

and mismanagement have caused significant fluctuations in the water level of the Euphrates River 

and its associated lakes in recent decades [46–50]. Ecological destruction and the loss of wetlands 

between the rivers, which were habitats for many species, are among the consequences of these dam 

constructions [49,51–55]. Additionally, the construction of these dams has put cultural and 

archaeological heritage at significant risk of destruction or even complete loss on a large scale 

[49,56,57]. 

To study the dynamics of water levels in the Euphrates River, it is necessary to employ effective 

and accurate methods. One commonly used approach for determining the water levels of rivers and 

lakes is the utilization of the Normalized Difference Water Index (NDWI). This hydrological index is 

derived from satellite imagery and indicates the extent to which the Earth's surface is influenced by 

water. By utilizing the NDWI, it is possible to determine the water levels of the Euphrates River and 

the Ataturk Dam Lake in Turkey, the Tabqa Dam in Syria, and the Ramadi Dam/Floodgate in Iraq, 

and compare them to the water level of the river in the vicinity of the Hira city, which is located in 

the province of Najaf before it joins the Tigris River. 

This study aims to investigate the water level dynamics of the Euphrates River in response to 

the construction of numerous dams upstream. The main hypothesis of this research is that dam 

construction upstream of the river has led to a significant decrease in the water level of the river and 

changes in its hydrology. To evaluate this hypothesis, a combined approach of the NDWI index and 

satellite monitoring using advanced statistical methods has been employed [58–60]. In this method, 

the NDWI index has been calculated for four points from 2013 to 2022 using Landsat 8 satellite 

images. Subsequently, the fluctuations in the river water level have been examined using advanced 

statistical methods such as the Kolmogorov-Smirnov test, Shapiro-Wilk test, histogram plotting, 

correlation analysis, coefficient of determination, and others. The following questions were 

addressed: 

1. Has the water level changed in the four study areas during the study period (2013-2022)? 

2. If it has changed, what pattern is observed in the water level fluctuations? 

3. What factors may have influenced the water level changes? 

Materials and Methods 

Materials 

This research aimed to assess the water level changes in four geographical regions (Table 1) 

using Landsat 8 OLI/TIRS satellite images and the NDWI index. Satellite images with a spatial 

resolution of 30 meters and a temporal interval of 15 to 25 days were extracted for four UTM 

coordinates to analyze the NDWI index. This index is a spectral index used for water delineation and 

moisture detection, calculated using the green and near-infrared (NIR) bands [61,62]. The formula 

for the NDWI index is as follows: 𝑁𝐷𝑊𝐼 = 𝐺𝑟𝑒𝑒𝑛 − 𝑁𝐼𝑅𝐺𝑟𝑒𝑒𝑛 + 𝑁𝐼𝑅 

Satellite images were downloaded from the United States Geological Survey and EOS Data 

Analytics systems, and the necessary information for each of the selected areas was collected from 

2013 to 2022. Among the obtained images, 546 photos were downloaded with suitable quality and 

without clouds or shadows. The analysis and examination of the images and data were carried out 

in two stages. In the first stage, all images (from 2013 to 2022) were analyzed and examined. In the 

second stage, only the pictures from the month of August were investigated (2 images per month). 
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The reason for selecting this month was the completeness of the collected data for each year in each 

of the studied coordinates. The geographical areas under investigation include: 

Table 1. Geographical Specifications of the Study Points (Source: Current Research). 

 Geographical 

Coordinates (UTM) 

Total Number of 

Images 

Number of 

August Images 

Turkey Ataturk Dam 37.58579°N 38.29272°E 104 20 

Syria Tabqa Dam 35.89672°N 38.52839°E 123 20 

Iraq Ramadi Floodgate 33.31475°N 43.58088°E 157 20 

Iraq 
Habbaniyah City 

Outskirts 
31.87759°N 44.50347°E 162 20 

Total    546 80 

ENVI 5.3 software was used for satellite image processing, Microsoft Excel 2019 software was 

utilized for data classification, archiving, and table generation, SPSS 26 software was employed for 

statistical tests, data analysis, and table plotting, Microsoft Word 2019 software was used for 

manuscript writing, and EndNote 21 software was utilized for reference citation. 

Methods 

The study radius at each of the four points (Table 1) was 140 meters from the shoreline. This 

radius was determined based on the Cadmium method, which is a statistical approach for estimating 

the shoreline using the NDWI (Normalized Difference Water Index) index [63–65]. Initially, a 

reference line was drawn near the shoreline (separately for each coordinate). Then, using the NDWI 

index, water and land points were identified in each pixel [64–66]. Subsequently, an optimized 

algorithm was used to draw a new line that best matched the water-land interface, which was 

considered as an estimated shoreline. The Cadmium method utilizes several parameters to determine 

the appropriate radius and draw the reference line, which depend on the geographical conditions, 

season, tidal state, and image accuracy. One of these parameters is the spatial response width, which 

represents the distance between two points having the highest (water) and lowest (land) NDWI 

values. In this method, using multiple different images, the spatial response width was calculated for 

each area. The aim was to measure the magnitude of water level changes (water surface elevation). 

Results 

The normality test was conducted separately for the data obtained from each area. Therefore, 

the normality of the data for the first coordinate was assessed using the Kolmogorov-Smirnov test 

(Table 2) and by plotting a histogram (Figure 1). Since the calculated p-value was 0.200, which is 

greater than the significance level (α) of 0.05, and the histogram exhibited a bell-shaped distribution, 

the data were confirmed to be normally distributed. Consequently, parametric tests were employed 

for data analysis and examination. 

Table 2. Normality Test for Data of the First Coordinate (Ataturk Dam) using the Kolmogorov-

Smirnov Test (Source: Current Research). 

One-Sample Kolmogorov-Smirnov Test 

 Averege Variance 

N 104 104 

Normal Parametersa,b Mean .3241433 .1156231 

Std. Deviation .13354436 .04535750 

Most Extreme Differences Absolute .058 .068 
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Positive .050 .064 

Negative -.058 -.068 

Test Statistic .058 .068 

Asymp. Sig. (2-tailed) .200c,d .200c,d 

a. Test distribution is Normal. b. Calculated from data. 

c. Lilliefors Significance Correction. d. This is a lower bound of the true significance. 

 

Figure 1. Histogram Plot for Assessing the Normality of Data for the First Coordinate (Ataturk Dam) 

(Source: Current Research). 

The normality of the data for the second coordinate was also examined. In the Kolmogorov-

Smirnov test (Table 3), which is conducted using numerical calculations, the p-value was found to be 

0.018 < 0.05 = α, indicating non-normality of the data. However, the histogram showed a bell-shaped 

distribution, indicating normality of the data (Figure 2). Therefore, a third test was conducted to 

verify the results of the previous two tests. In the Shapiro-Wilk test (Table 4), the normality of the 

data was not confirmed, with a p-value of 0.013 < 0.05 = α. Hence, non-parametric tests were 

performed for the data obtained from the second coordinate. 

Table 3. Examination of Normality of the Second Coordinate Data (Tabqa Dam) using the 

Kolmogorov-Smirnov Test (Source: Present Study). 

One-Sample Kolmogorov-Smirnov Test 

 Averege Variance 

N 123 123 

Normal Parametersa,b Mean .1901398 .0525854 

Std. Deviation .10167610 .02737948 

Most Extreme Differences Absolute .089 .076 

Positive .089 .076 

Negative -.080 -.050 

Test Statistic .089 .076 

Asymp. Sig. (2-tailed) .018c .081c 
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a. Test distribution is Normal. b. Calculated from data. 

c. Lilliefors Significance Correction. 

 

Figure 2. Histogram for Assessing the Normality of the Second Coordinate Data (Tabqa Dam) (Source: 

Present Study). 

Table 4. Assessment of the Normality of the Second Coordinate Data (Tabqa Dam) using Shapiro-

Wilk Test (Source: Present Study). 

Tests of Normality 

 
aSmirnov-Kolmogorov Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Averege .089 123 .018 .972 123 .013 

Variance .076 123 .081 .971 123 .009 

a. Lilliefors Significance Correction 

In the examination of the normality of the third coordinate data, the Kolmogorov-Smirnov 

statistical test (Table 5) and the histogram plot (Figure 3) were conducted. The normality of the data 

was confirmed in both methods, with a p-value of 0.200 < 0.05 = α, indicating that the data followed 
a normal distribution. Therefore, parametric tests were employed for subsequent analysis stages. 

Table 5. Assessment of normality for the third coordinate data (flood barrier) using the Kolmogorov-

Smirnov test (Source: Current Study). 

One-Sample Kolmogorov-Smirnov Test 

 Averege Variance 

N 157 157 

Normal Parametersa,b Mean .3357064 .0210605 

Std. Deviation .21061510 .03713756 

Most Extreme Differences Absolute .059 .333 

Positive .055 .333 

Negative -.059 -.285 

Test Statistic .059 .333 

Asymp. Sig. (2-tailed) .200c,d .000c 
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a. Test distribution is Normal. b. Calculated from data. 

c. Lilliefors Significance Correction. d. This is a lower bound of the true significance. 

 

Figure 3. Histogram chart for assessing the normality of the third coordinate data (Ramadi Flood 

Barrier) (Source: Current Study). 

The normality of the fourth coordinate data was also examined. In the Kolmogorov-Smirnov test 

(Table 6), the normality of the data was confirmed (p-value = 0.200 < 0.05 = α). Additionally, the 
histogram chart (Chart 4) further confirmed the normality of the data. Parametric tests were also used 

for this section. 

Table 6. Investigation of the normality of the fourth coordinate data (outskirts of the city of Heirah) 

using the Kolmogorov-Smirnov test (Source: Current Research). 

One-Sample Kolmogorov-Smirnov Test 

 Averege Variance 

N 162 162 

Normal Parametersa,b Mean -.0732037 .0705704 

Std. Deviation .06285655 .03985804 

Most Extreme Differences Absolute .033 .063 

Positive .030 .063 

Negative -.033 -.058 

Test Statistic .033 .063 

Asymp. Sig. (2-tailed) .200c,d .200c,d 

a. Test distribution is Normal. b. Calculated from data. 

c. Lilliefors Significance Correction. d. This is a lower bound of the true 

significance. 

The relationship between the data obtained from the first coordinate (Average1), the third 

coordinate (Average3), and the fourth coordinate (Average4) was examined (Table 7). Using Pearson 

correlation coefficients, a weak and positive relationship between the first and fourth coordinates 

was observed (r = 0.206, p = 0.05 < 0.05 = α), indicating a significant association. Additionally, a 
moderate and positive relationship was found between the third and fourth coordinates (r = 0.229, p 
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= 0.01 < 0.05 = α). However, there was no significant correlation between the first and third 
coordinates, showing a very weak and negative relationship (r = -0.035, p = 0.762 > 0.05 = α). These 
findings indicate that the fourth coordinate is correlated with the other two variables (first and third 

coordinates), while the first and third coordinates are not correlated with each other. 

According to the obtained results (Table 7), the calculations showed that the data obtained from 

the fourth coordinate can be explained by 4.2% (𝑟2 =  0.2062 = 0.042) using the data from the first 

coordinate and 5.2% (𝑟2 = 0.2292 = 0.052) using the data from the third coordinate. 

Furthermore, the relationship between the ranked data obtained for the first, second, and third 

coordinates with the fourth coordinate was examined (Table 8). The reason for analyzing the data in 

ranked form was due to the non-normality of the data for the second coordinate. Therefore, by 

transforming the data into their ranks, the possibility of using non-parametric tests was facilitated. 

Table 7. Calculation of the coefficient of determination for normality based on Pearson correlation 

coefficients in an 11-year period (Source: Present study). 

Correlations 

 Averege1 Averege3 Averege4 

Averege1 Pearson Correlation 1 -.035 .206* 

Sig. (2-tailed)  .726 .036 

N 104 104 104 

Averege3 Pearson Correlation -.035 1 .229** 

Sig. (2-tailed) .726  .004 

N 104 157 157 

Averege4 Pearson Correlation .206* .229** 1 

Sig. (2-tailed) .036 .004  

N 104 157 162 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

Using Spearman correlation coefficients, it was shown that there is a moderate and positive 

relationship between the ranks of the third and fourth coordinates (ρ = 0.242, p = 0.02 < 0.05 = α). 
However, the weak and positive relationship between the ranks of the first and fourth coordinates (ρ 
= 0.189, p = 0.055 > 0.05 = α) and the weak and negative relationship between the ranks of the second 
and fourth coordinates (ρ = -0.083, p = 0.360 > 0.05 = α) were not significant. These findings indicate 
that only the rank of the third coordinate is correlated with the fourth coordinate, while the other two 

variables are not correlated with it. 

Based on the correlation coefficients obtained from the Spearman test (Table 8), it is evident that 

the coefficient of determination for the fourth coordinate is explained by only 0.7% (𝑟2 = −0.0832 = 

0.007) by the second coordinate and by 3.6% (𝑟2 = 0.1892 = 0.036) and 5.9% (𝑟2 = 0.2422 = 0.059) by 

the first and third coordinates, respectively. 

Table 8. Calculation of the coefficient of determination for ranked data based on Spearman correlation 

coefficients in an 11-year period (Source: Current Research). 

Correlations 

 

Rank of 

Averege1 

Rank of 

Averege2 

Rank of 

Averege3 

Rank of 

Averege4 

Spearman's 

rho 

Rank of 

Averege1 

Correlation 

Coefficient 

1.000 .014 -.021 .189 

Sig. (2-tailed) . .889 .834 .055 
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N 104 104 104 104 

Rank of 

Averege2 

Correlation 

Coefficient 

.014 1.000 -.117 -.083 

Sig. (2-tailed) .889 . .199 .360 

N 104 123 123 123 

Rank of 

Averege3 

Correlation 

Coefficient 

-.021 -.117 1.000 .242** 

Sig. (2-tailed) .834 .199 . .002 

N 104 123 157 157 

Rank of 

Averege4 

Correlation 

Coefficient 

.189 -.083 .242** 1.000 

Sig. (2-tailed) .055 .360 .002 . 

N 104 123 157 162 

**. Correlation is significant at the 0.01 level (2-tailed). 

Based on the output of the Pearson correlation test on the data for the months of August (Table 

9), it can be stated that the correlation coefficient between the first and third coordinates is 0.520 (r = 

0.520). This indicates a weak to moderate positive linear relationship between these two variables. 

Additionally, the probability value for this relationship is 0.022, which is smaller than the significance 

level of 0.05 (p-value = 0.022 > 0.05 = α). In other words, the relationship between these two variables 

is significant, and the null hypothesis (no relationship) is rejected. It can be said that changes in the 

first coordinate have led to changes in the third coordinate. Furthermore, there is also a positive linear 

relationship (weak to moderate) between the Pearson correlation coefficients of water level between 

the first and fourth coordinates, with a value of 0.445 (r = 0.445). The probability value for this 

relationship is 0.049, which is smaller than the significance level of 0.05 (p-value = 0.049 > 0.05 = α). 
Therefore, the relationship between these two variables is also significant, and the null hypothesis is 

rejected. Thus, changes in water level in the first coordinate result in changes in water level in the 

fourth coordinate. 

Considering the Pearson correlation coefficients between the months of August for the data 

related to the first and third coordinates (Table 9), the coefficient of determination is found to be 0.270 

(𝑟2 = 0.5202 = 0.270). This indicates that 27% of the variation in water level in the third coordinate 

can be explained by the variation in water level in the first coordinate. The coefficient of 

determination between the first and fourth coordinates was also calculated and found to be 0.198 

(𝑟2 = 0.4452 = 0.198). This means that 19.8% of the variation in water level in the fourth coordinate 

can be explained by the variation in water level in the first coordinate. 

Table 9. Calculation of the coefficient of determination for normal data based on Pearson correlation 

coefficients for the month of August (Source: Current Study). 

Correlations 

 S1 S3 S4 

S1 Pearson Correlation 1 .520* .445* 

Sig. (2-tailed)  .022 .049 

N 20 19 20 

S3 Pearson Correlation .520* 1 .331 

Sig. (2-tailed) .022  .167 

N 19 19 19 

S4 Pearson Correlation .445* .331 1 
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Sig. (2-tailed) .049 .167  

N 20 19 20 

*. Correlation is significant at the 0.05 level (2-tailed). 

The Spearman correlation method (Table 10) was used to examine the correlation coefficients of 

the August data related to the second coordinates. The reason for using this method was the non-

normality of the data in this section. Therefore, nonparametric tests were employed. Based on the 

results, it can be concluded that there is a positive and significant relationship between the data of 

the first and third coordinates (Rho = 0.528, Sig = 0.020). Additionally, the relationship between the 

data obtained from the third and fourth coordinates is positive and significant (Rho = 0.474, Sig = 

0.040). However, the relationship between other variable pairs is not significant (Sig > 0.05). This 

means that the null hypothesis cannot be rejected. 

In the calculation of the coefficient of determination for the August data using the Spearman 

correlation coefficients (Table 10), the data obtained from the fourth coordinate were explained by 

18% (𝑟2 = 0.4242 = 0.018) through the first coordinate, by 0.2% (𝑟2 = 0.0472 = 0.002) through the 

second coordinate, and by 22.5% (𝑟2 = 0.4742 = 0.225) through the third coordinate. 

Table 10. Calculation of the coefficient of determination for rank data based on Spearman correlation 

coefficients for the month of August (Source: Current Study). 

Correlations 

 Rank of S1 Rank of S2 Rank of S3 Rank of S4 

Spearman's rho Rank of S1 Correlation Coefficient 1.000 .202 .528* .424 

Sig. (2-tailed) . .408 .020 .062 

N 20 19 19 20 

Rank of S2 Correlation Coefficient .202 1.000 -.002 .047 

Sig. (2-tailed) .408 . .994 .847 

N 19 19 19 19 

Rank of S3 Correlation Coefficient .528* -.002 1.000 .474* 

Sig. (2-tailed) .020 .994 . .040 

N 19 19 19 19 

Rank of S4 Correlation Coefficient .424 .047 .474* 1.000 

Sig. (2-tailed) .062 .847 .040 . 

N 20 19 19 20 

*. Correlation is significant at the 0.05 level (2-tailed). 

Discussion and Conclusion 

The relationship between the water level of the Euphrates River at various points in three 

countries, Turkey, Syria, and Iraq, was studied. Satellite imagery data obtained from four points 

using the NDWI (Normalized Difference Water Index) index and satellite monitoring were examined 

to assess the dynamics of the river's water level and determine how it is influenced by upstream 

conditions within the watershed. Therefore, four coastal points within the Euphrates River watershed 

with a radius of 140 meters were selected. The necessary data for this study were obtained from 546 

Landsat 8 OLI/TIRS satellite images covering the period from 2013 to 2022. Suitable statistical 

methods were employed in the data analysis process to investigate the normality, correlation, and 

significance of the data (Table 1). 

In the Shapiro-Wilk and Kolmogorov-Smirnov tests, the null hypothesis (H0) is defined as the 

assumption that the data follow a normal distribution, indicated by a p-value greater than 0.05 (H0: 

p-value > α = 0.05). Conversely, the alternative hypothesis (H1) is defined as the assumption that the 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 August 2023                   doi:10.20944/preprints202308.2031.v1

https://doi.org/10.20944/preprints202308.2031.v1


 10 

 

data do not follow a normal distribution if the p-value is less than 0.05, denoted as H1: p-value < α = 
0.05. Accordingly, if the data is found to be significant, parametric tests are used, while non-

parametric tests are employed if the data is found to be non-significant. 

The significance of the first coordinate data (p-value = 0.200), the third coordinate data (p-value 

= 0.200), and the fourth coordinate data (p-value = 0.200) was investigated and confirmed (Tables 2, 

5, and 6) (Figures 1, 3, and 4). The reason for the non-significance of the second coordinate data was 

that the probability value for this data segment was 0.018 (p-value = 0.018) (Tables 3 and 4) (Figure 

2). 

 

Figure 4. Histogram plot for assessing the normality of the fourth coordinate data (outskirts of the 

city of Heirah) (Source: Current Research). 

The relationship between the water level at the study points was examined using the Pearson 

correlation test. Since this test is a parametric test used to measure the linear relationship between 

two quantitative variables, the data obtained for the first, third, and fourth coordinates were 

evaluated using this test. The output of this test includes a table of correlation coefficients and the 

hypothesis test. In the correlation coefficients table, the values of r and Sig are observed for each 

variable pair. The value of r represents the strength and direction of the relationship between the two 

variables, ranging from -1 to +1. A value of r close to -1 or +1 indicates a stronger relationship. The 

sign of r indicates the direction of the relationship, where a negative r represents an inverse 

relationship and a positive r represents a direct relationship. Sig represents the probability value (p-

value) of the hypothesis test. If Sig is smaller than the significance level (α = 0.05), it indicates that the 
relationship between the two variables is significant. 

In the Pearson correlation test, for normally distributed data, the null hypothesis assumes that 

there is no significant linear relationship between the water levels of the two coordinates, and it is 

defined as H0: ρ = 0. On the other hand, the alternative hypothesis is defined as H1: ρ ≠ 0, indicating 
that there is a significant linear relationship between the water levels of the two coordinates. 

Based on the Pearson correlation coefficients for the 11-year data of the first, third, and fourth 

variables (Table 7), it was determined that there is a weak but positive relationship between the data 

of the first and fourth coordinates (r = 0.206, p = 0.05 < 0.05 = α), confirming the null hypothesis. 
Similarly, a moderate and positive relationship is observed between the data of the third and fourth 

coordinates, supporting the null hypothesis (r = 0.229, p = 0.01 < 0.05 = α). The lack of significance in 
the relationship between the data of the first and third coordinates, despite their weak and negative 

relationship, indicates the rejection of the null hypothesis, and the alternative hypothesis should be 

considered valid (r = -0.035, p = 0.762 > 0.05 = α). 
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Based on the Spearman correlation coefficients (Table 8), it can be concluded that there is a 

moderate and positive relationship between the ranks of the data of the third and fourth coordinates 

(ρ = 0.242, p = 0.02 < 0.05 = α), which supports the null hypothesis. However, the weak and positive 

relationship between the ranks of the data of the first and fourth coordinates (ρ = 0.189, p = 0.055 > 
0.05 = α), and the weak and negative relationship between the ranks of the data of the second and 
fourth coordinates (ρ = -0.083, p = 0.360 > 0.05 = α) are not significant, indicating the rejection of the 
null hypothesis and the confirmation of the alternative hypothesis. 

The analysis of data related to the month of August using the Pearson correlation test (Table 9) 

revealed a correlation coefficient of 0.520 between the data of the first and third coordinates (r = 0.520). 

This indicates the presence of a weak to moderate linear, positive relationship between these two 

variables. Furthermore, the obtained p-value for this relationship was 0.022, which is smaller than 

the significance level of the test (p-value = 0.022 > 0.05 = α). Therefore, the significance of the 
relationship between these two variables was confirmed, and the null hypothesis (lack of 

relationship) was rejected. Additionally, the correlation coefficient between the data of the first and 

fourth coordinates also indicates a weak to moderate linear, positive relationship (r = 0.445). Due to 

the p-value being smaller than the significance level (p-value = 0.049 > α = 0.05), the significance of 

the relationship between these two variables was also confirmed, and the null hypothesis was 

rejected. Hence, based on the obtained results, it can be concluded that changes in the first coordinate 

will lead to changes in the water level fluctuation in the third and fourth coordinates. 

In the Spearman correlation coefficient table, the values of Rho and Sig (2-tailed) are observed 

for each pair of variables. Rho indicates the strength and direction of the relationship between the 

two variables. Rho takes values between -1 and +1. The closer Rho is to -1 or +1, the stronger the 

relationship indicates. The sign of Rho indicates the direction of the relationship. A negative Rho 

indicates an inverse relationship, while a positive Rho indicates a direct relationship. Sig (2-tailed) 

represents the p-value of the null hypothesis test. If Sig (2-tailed) is smaller than your chosen 

significance level (α = 0.05), the null hypothesis can be rejected, and it can be concluded that the 
relationship between the two variables is significant. 

Due to the non-normality of the data for the second set of coordinates (Tables 3 and 4 and Figure 

2), non-parametric statistical tests (Spearman correlation) were used to analyze them for the month 

of August (Table 10). The results indicate a positive and significant relationship between the data of 

the first and third coordinates (Rho = 0.528, Sig = 0.020), rejecting the null hypothesis. Additionally, 

the null hypothesis can be rejected based on the relationship between the obtained data from the third 

and fourth coordinates, which were positive and significant (Rho = 0.474, Sig = 0.040). However, the 

relationship between the other pairs of variables is not significant (Sig > 0.05), and the null hypothesis 

cannot be rejected for them, suggesting that their relationship is random. 

To determine the magnitude of these effects, the coefficient of determination needs to be 

calculated for the data. This will help determine the percentage of variation in the river water flow in 

the fourth coordinate (near the outskirts of the city) that can be attributed to the first and third 

coordinates separately, during the 11-year period and specifically in the month of August. 

The coefficient of determination (𝑟2) was used to examine the magnitude of the ability to explain 

variations in one quantitative variable by another quantitative variable. The coefficient of 

determination ranges between 0 and 1. A value closer to 1 indicates that a larger proportion of the 

variation in one variable can be explained by the variation in the other variable. 𝑟2 = (∑𝑛𝑖=1 (𝑥𝑖 − 𝑥̄)(𝑦𝑖 − 𝑦̄))2∑𝑛𝑖=1 (𝑥𝑖 − 𝑥̄)2 ∑𝑛𝑖=1 (𝑦𝑖 − 𝑦̄)2 

r: represents the Pearson correlation coefficient. 𝑟2: represents the coefficient of determination. 

n: represents the number of observations. 

xi: represents the value of variable x in the i-th observation. 

x̄: represents the mean of variable x. 

yi: represents the value of variable y in the i-th observation. ȳ: represents the mean of variable y. 
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Furthermore, using the following formulas, the coefficient of determination can be expressed as 

the percentage of variance explained. In this formula, R2 represents the squared rank correlation 

coefficient (Spearman's correlation), and rs represents the Spearman's correlation coefficient. 

1: 𝑅2 × 100 

2: (𝑟𝑠)2 × 100 

3: 𝑅2 = 𝑟𝑠2 

Using the coefficient of determination and considering the results obtained from the analysis of 

the 11-year data interval using Pearson's test, it can be explained that the fourth coordinate data is 

explained by the first coordinate data by 4.2% (𝑟2 = 0.2062 = 0.042) and by the third coordinate data 

by 5.2% (𝑟2 = 0.2292 = 0.052). However, based on the correlation coefficients obtained from the 

Spearman's test (Table 8), it was determined that the coefficient of determination for the fourth 

coordinate data explained by the second coordinate data is only 0.7% (𝑟2= −0.0832 = 0.007), and by 

the first and third coordinate data, it is explained by 3.6% (𝑟2 = 0.1892 = 0.036) and 5.9% (𝑟2 = 0.2422 = 

0.059) respectively. 

Based on the Pearson correlation coefficients between the months of August for the data 

corresponding to the first and third coordinates (Table 9), the coefficient of determination is equal to 

0.270 (r^2 = 0.5202 = 0.270). This means that 27% of the variation in water level in the third coordinate 

is explained by the variation in water level in the first coordinate. The coefficient of determination 

between the first and fourth coordinates was also calculated and its value was 0.198 (𝑟2 = 0.4452 = 

0.198). This means that 19.8% of the variation in water level in the fourth coordinate is explained by 

the variation in water level in the first coordinate. In the calculation of the coefficient of determination 

for the August months using Spearman correlation coefficients (Table 10), the obtained data from the 

fourth coordinate in relation to the first coordinate were explained by 18% (𝑟2 = 0.4242 = 0.018), while 

by the data from the second and third coordinates, they were explained by 0.2% (𝑟2 = 0.0472 = 0.002) 

and 22.5% (𝑟2 = 0.4742 = 0.225), respectively. 

Based on the findings and results of the Pearson correlation test, as well as the findings of the 

Spearman correlation test, it can be inferred that over an 11-year period (2013 to 2022), the first and 

third points individually have an effect on the water flow at the fourth point. Considering that the 

third point in this study represents the coastal coordinates of Lake Habaniyah, formed behind the Al-

Ramadi dam, and that a significant number of dams and barriers have been constructed upstream on 

the Euphrates River, it is expected that the behavior of this structure would not be different and it 

would have a similar impact as the upstream structures on the water flow of the Euphrates. Water 

storage, water diversion, water transfer, and excessive water usage upstream of the Euphrates have 

shown their influence downstream, specifically at the fourth coordinate. The correlation between the 

data of the fourth coordinate with the first and third coordinates supports this claim. 

In summary of the results of the Pearson and Spearman correlation tests for the August data, it 

was observed that the water level at the third coordinate is influenced by the water level at the first 

coordinate. Additionally, the water level at the fourth coordinate is also influenced by the first point. 

This means that as the values of the data in the first coordinates increase, the values of the data in the 

third coordinates will also increase, and higher values in the data of the third coordinates will 

correspond to higher values in the fourth coordinates. 

In general, it can be stated that the data corresponding to the fourth coordinates are influenced 

by 3.6% to 4.2% by the data of the first coordinates, and 5.2% to 5.9% by the data of the third 

coordinates. The findings for the August months also indicate that the fourth coordinates are 

influenced by 18% to 19.8% by the first coordinates and 22.5% by the third coordinates. Furthermore, 

the water level at the third coordinates is also influenced by 27% by the first coordinates in the August 

months. 

The results of data analysis in this study have shown that the water level of the Euphrates River 

in the outskirts of Lake Hira (Point 4) is directly related to the water level in upstream points. This 

finding is consistent with the aim of our research, which was to investigate the relationship between 

water levels at different points of the river. Based on the correlation coefficients and statistical 
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significance, it can be concluded that variations in water level at upstream points have led to changes 

in the water level at Point 4. 

This research is valuable both scientifically and practically. From a scientific perspective, it 

introduces a new and suitable method for studying the dynamics of river water levels using satellite 

data. The advantages of this method include higher accuracy in determining river water levels using 

the NDWI index, applicability in remote areas, lower cost, and faster data collection. In terms of 

practical implications, this research can contribute to water resource management. By having precise 

information about river water levels, water consumption can be optimized and its wastage can be 

reduced. Additionally, satellite monitoring of river water levels can help predict and prevent hazards 

caused by droughts or floods, and enhance understanding of sustainable management of freshwater 

resources. 

This research, like other studies, also had limitations and challenges. These included reliance on 

high-quality and accurate satellite images, incorrect representation of water levels in the presence of 

clouds/dust, the inadequacy of the NDWI index for shallow rivers with non-transparent colors, and 

so on. To overcome these limitations and improve the research, it is suggested to use satellite images 

with higher resolution and frequency, and to employ optimized methods for image processing to 

correct colors or eliminate errors. Furthermore, the use of alternative indices for determining river 

water levels is also recommended. 

Ultimately, this research represents a significant step towards better understanding of river 

water levels using satellite data and can provide a suitable foundation for future studies. 
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