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Abstract

Water resources are indeed limited, and factors such as drought, climate change, and human activities can contribute to their decrease. To estimate the amount of water stored 
in a dam lake, several methods can be employed. Remote sensing techniques, such as satellite imagery can be used to estimate the water surface area of the reservoir. In this 
study, the amount of water cover changes is investigated using a remote sensing technique. Also, to increase the level of accuracy in estimating the water cover of the dam lake, the 
technique of Image Fusion Landsat-8 satellites images and increasing the level of spatial accuracy from 30 meters to 15 meters has been used. In this study, it has been shown that 
by combining Landsat satellite images, the accuracy in calculating and estimating the water cover area has increased. Also, in this study, the depth changes between 2017-2020 
have been investigated. In the research conducted, the amount of water stored in the dam lake has decreased due to the droughts of the last few years, due to the increase in water 
consumption in the urban and agricultural areas, especially during the drought period.

INTRODUCTION

Rivers and lakes form an important part of the hydrological 
cycle of water and are an important source of life on earth. Surface 
water, as the most important land resource, undergoes spatial 
and temporal changes and includes many factors such as land 
use changes, land cover level, climate changes, seasonal changes, 
and environmental changes that occur all over the world [1-3]. 
Earth’s water levels are one of the irreplaceable (non-renewable) 
strategic resources for human survival. Nowadays, the use of 
satellite images and remote sensing technology has become very 
practical due to the reduction of time, and cost, the possibility of 
performing various location-based processes and repeatability in 
different seasons and times, and plays a key role in monitoring 
wetlands, flood assessment, and level estimation. Water zones 
and water resources management. One of the most important 
sources of water storage in the world is the dam, which has an 
important contribution to the distribution of the amount of water 
stored in it, therefore, accurate information on the amount of 
water coverage in the dam lake and the amount of water stored in 
it is very important. Mapping and monitoring of water resources 
is a necessary condition for access, use, and better management 
of water resources in arid and semi-arid regions [4].

Reservoir dams, are artificial lakes created by humans for 
specific purposes, the name lake is also applied to reservoirs for 
the reason that reservoirs can be described as a volume of water 
with a special composition, in which different species of Life flow 
it. Of course, there are many differences between natural lakes 
and reservoirs of dams. Unlike natural lakes that are formed in 
the lowland areas of the watershed, dam reservoirs are usually 

created in river valleys by constructing dams along the river 
flow [5,6]. The increase in wavelength of water radiation tends 
to zero, and this feature allows us to easily separate it from other 
phenomena by using different indicators. Indicators are made by 
combining two or more different bands and using the difference 
between the spectral range of these bands improves the received 
spectral signal, better identification, and removes noise from 
different parts of the wavelengths [7]. In the past decades, a 
wide range of depth calculation algorithms has been developed, 
whose purpose is to calculate the water depth by remote sensing 
based on the physical relationships of the corresponding wave 
parameters. These algorithms estimate the water depth by taking 
wave images from radar and video [8,9], or data modeling from 
video integration, observation of the separation of wave patterns 
[10,11]. Accurate estimation of areas with shallow water depth is 
important for the navigation safety of small boats such as fishing 
boats and fundamental studies [12]. 

Remote sensing is a very suitable and effective solution due 
to its high ability to collect information in a short time and in 
wide ranges with the ability to calculate indicators related to 
hydrological studies [13,14]. The data obtained from the sensors 
installed on the Landsat series of satellites are one of the most 
important sources of information for the preparation of land use 
maps, land cover, and water areas [15,16]. The last generation 
of these satellites, which is called Landsat 8, was launched on 
February 11, 2013, and has two sensors called OLI and TIRS. 
Improving the radiometric resolution of the OLI meter to 16 
bits has made it possible to conduct some studies, especially 
in the field of preparing a distribution map of various types 
of vegetation [17]. The characteristics of water from satellite 
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images are analyzed using different indices such as Normalized 
Vegetation Index (NDVI), Normalized Water Cover Index 
(NDWI), and modified normalized water cover index [18-20]. 
In past research, the MNDWI index has obtained more favorable 
results for water extraction from Landsat, Spot, Aster, and MODIS 
satellite images [7,21]. Dennison, et al. 2005. They concluded that 
the NDWI index has little sensitivity to vegetation that has a large 
amount of water in them. The mentioned indicators are in the 
numerical range between 1 and -1. However, the definition of 
a threshold limit and a specific number for water detection are 
different according to the characteristics of the water and the 
coverage of the area.

Fusion of satellite images means the integration of satellite 
images. By using this work, it is possible to merge images 
with a high spatial resolution (for example, the panchromatic 
band of a satellite image with high spatial resolution) and a 
multispectral image with high spectral resolution (for example, 
color combination 2, 4, 3 of the Landsat image). And create 
a new image with better spatial resolution and high spectral 
resolution (due to maintaining the value of existing pixels) and 
be able to extract better and more data from the new image [7]. 
In the method of Fusion satellite images using the Gram-Schmidt 
method, a panchromatic band with a high spatial resolution is 
simulated with bands that have a lower spatial quality. In the 
next step, conversion and transmission are done to simulate 
the panchromatic band, and the MS bands are obtained with 
the panchromatic simulation band as the first band. Then the 
panchromatic band with high spatial power replaces the band 
with a lower resolution [22]. In this study, by using Landsat 8 
satellite images and image fusion, the spatial resolution of the 
images has increased. Also, the amount of water cover area 
and water depth changes behind Mamloo dam lake have been 
calculated. The amount of dispersion of water cover between 
the years 2017 and 2020 and the changes in the area of water 
depth for four modes of very shallow, shallow, medium, and deep 
have been investigated, and finally, the decrease in the amount 
of water area due to the droughts of the last few years. Has been 
analyzed.

MATERIALS AND METHODS

Study Area

Mamloo Dam (Darwazah) is built in the province of Tehran, 
30 km southeast of Tehran, with a geographic location of 35.585 
degrees north and 51.788 degrees east, on the Jajroud river and 
the seasonal Damavand River in Mamloo village. The purpose of 
the construction of Mamloo dam is to supply agricultural water, 
drinking water, and electricity to the cities of Pakdasht, Varamin, 
and south of Tehran. The lake of this dam is about 800 meters 
wide and 3000 meters long. The type of dam is earthen with a 
clay core, its height from the foundation is 89 meters, the length 
of its crown is 807 meters, and the volume of its reservoir is 
250 million cubic meters. Dams in this region play a vital role in 
water resource management, especially in supplying water for 
agriculture, domestic use, and supporting the ecosystems. They 

help in regulating water flow, providing water storage during 
periods of high precipitation, and releasing water during drier 
periods [23]. 

Dataset

In this study, Landsat 8 satellite images of OLI sensor were 
used. The received images are in the period of 2017-2020. The 
way to get and download images is from https://earthexplorer.
usgs.gov/, which images are available for free. Landsat 8, 
officially known as the Landsat Data Continuity Mission (LDCM), 
was launched on February 11, 2013. It was a joint effort between 
NASA and the United States Geological Survey (USGS). The 
satellite was launched aboard an Atlas V rocket from Vandenberg 
Air Force Base in California, USA. Landsat 8 is part of the long-
running Landsat program, which has been capturing images of 
the Earth’s surface since 1972. It carries the Operational Land 
Imager (OLI) and the Thermal Infrared Sensor (TIRS), which 
provide valuable data for monitoring land use, natural resources, 
and environmental changes. The satellite orbits the Earth in a 
polar sun-synchronous orbit, which means it passes over the 
same area at the same local solar time on each orbit [24]. 

Pre-processing of Satellite Images

Radiometric calibration: The data obtained from remote 
sensing systems, including aerial photographs and images 
obtained from scanners (satellite images), have various errors 
and must be corrected before being interpreted and analyzed. 
These errors can be divided into two categories: geometric and 
radiometric. Geometric errors are related to the position of 
phenomena or pixels in the image relative to other phenomena 
and their absolute position, and radiometric error is related to 
the amount of reflection recorded in the image. Radiometric 
calibration is the process of converting the raw sensor 
measurements from a satellite or remote sensing instrument into 
meaningful and accurate radiometric values. It involves removing 
the systematic errors, variations, and biases in the sensor data to 
ensure the consistency and reliability of the measurements. Also, 
shadow or radiometric calibration can be used to reduce the 
effects of surface reflection reduction [25-27]. First, we include 
radiometric calibrations on the images. Using radiometric 
calibrations, radiance values (amount of energy reaching the 
sensor), which is the most accurate parameter estimated in RS, are 
calculated for MS bands, which is a background for atmospheric 
correction. The radiance values obtained from equation one is 
linear and very simple and are estimated [28].

Y= ax+ b    (1)

In this equation, Y is equal to the radiance value, X is equal 
to the Digit Number (DN) image (the original images that we 
downloaded), a, whose value is included in the metadata file 
named Radiance-Multi-Band for each band, and b, which is 
named Radiance-Add - Band is available in the metadata file.

Atmospheric corrections: Atmospheric correction is a 
crucial step in the processing of satellite imagery or remote 

https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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sensing data to account for the influence of the Earth’s 
atmosphere on the measured electromagnetic radiation. The 
atmosphere interacts with the incoming solar radiation and 
affects the signal received by the satellite sensor, leading to errors 
in the interpretation of the data. Atmospheric correction aims to 
remove these atmospheric effects and obtain accurate surface 
reflectance or radiance values [29]. Atmospheric correction 
typically requires information about atmospheric conditions 
such as aerosol content, water vapor, and ozone concentrations. 
This information can be derived from ancillary data sources like 
meteorological measurements, atmospheric models, or satellite-
based atmospheric sensors. Atmospheric correction is described 
in equation 2 [28].

Ls =Lt + Lp     (2)

In this equation, Ls is the energy recorded by the meter, Lt is 
the energy emitted from the earth’s surface, and Lp is the effects 
of the atmosphere on electromagnetic waves. In the atmospheric 
correction, we intend to completely remove the Lp factor. The 
effect of the atmosphere on the path of electromagnetic waves 
should be completely removed and the value of Ls = Lt. This 
is all the operation we intend to do in atmospheric correction. 
In this study, atmospheric corrections have been made using 
the Quick Atmosphere Correction algorithm. The image that is 
obtained after atmospheric correction actually shows the images 
of surface reflections which physically, the values of this image 
should be between 0 and 1.

Image Fusion 

Image fusion, also known as data fusion or image integration, 
is the process of combining multiple images of the same scene 
or area acquired from different sensors or sources to create a 
single composite image that incorporates the complementary 
information from each source. The goal of image fusion is to 
enhance the overall quality, clarity, and interpretability of the 
resulting image by leveraging the strengths of each input image. 
The specific choice of fusion technique and satellite sensors 
depends on the application and the desired outcome. Different 
fusion algorithms, such as pixel-level, feature-level, or decision-
level fusion, can be applied to satellite imagery to achieve the 
desired enhancements and information integration [30]. Satellite 
image fusion techniques are suitable for when we need more 
spatial details and more accurate separation of classes on the 
ground. By using fusion, the amount of spatial detail increases 
in real terms, and the number of mixed pixels in it decreases 
significantly (Figure 1). The reduction of mixed pixels allows 
more accurate detection of the boundaries of phenomena and 
increases the accuracy of spatial and spectral calculations [31]. 
In this study, the Gram-Schmidt algorithm was used to increase 
the power of spatial resolution and to convert MS bands from 30 
meters to 15 meters (Figure 2). The Gram-Schmidt algorithm, this 
method is one of the methods of fusion of multispectral images. 
In this algorithm, the panchromatic band is first simulated using 
multispectral bands and combined with other bands. Then, a 
Gram-Schmidt transformation is applied to the multi-band image, 

which is created according to the number of integrated bands of 
the component. In the next step, by replacing the first component 
of this image with the main panchromatic band, fusion is done 
[32]. 

Modified Normalized Difference Water Index (MNDWI)

Among the most important spectral indices of water, we can 
mention two indices, NDWI and MNDWI, which are widely used 
in water detection. Xu 2006, concluded that the NDWI index is 
not able to eliminate the signal from built-up surfaces and the 
use of a threshold of 0 is not able to accurately detect surfaces 
composed of water pixels. Therefore, he proposed another index, 
called the MNDWI index, with the difference that this index can 
exclude other phenomena other than water and is very effective 
for detecting water areas. How get the MNDWI index is based on 
the following equation:

  

 Green MIRMNDW
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I
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−
+
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(3)

Where:

•	 Green represents the spectral band sensitive to green 
vegetation reflectance (e.g., Landsat bands 3 or Sentinel-2 
band 3).

•	 MIR refers to the shortwave infrared spectral band (e.g., 
Landsat bands 6 or Sentinel-2 band 11), which is sensitive 
to water reflectance.

The MNDWI ranges from -1 to 1, with higher values indicating 
the presence of water. Here’s how the index works [33]:

1)	 Water has a high reflectance in the near-infrared 
portion of the electromagnetic spectrum and absorbs strongly in 
the shortwave infrared region. This results in a high MIR value 
and a low Green value in the formula, leading to positive MNDWI 
values.

2)	 Vegetation and other land features generally have high 
reflectance in both the green and near-infrared regions. As a 
result, the Green and SWIR values are comparable, leading to a 
lower MNDWI value or even negative values.

It’s worth noting that the specific threshold value for water 
detection may vary depending on the satellite data, the study 
area, and the desired level of accuracy. Additionally, atmospheric 
correction and image preprocessing are typically performed 
before calculating the MNDWI to account for atmospheric effects 
and enhance the quality of the water detection results.

Water Depth Changes

Satellite imagery can be utilized to monitor water depth 
changes in various water bodies, including lakes, rivers, and 
coastal areas. By comparing satellite images acquired at different 
times, it is possible to observe and analyze alterations in water 
depth over specific periods [34]. 

Here’s a general approach for assessing water depth changes 
using satellite images [35].
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Figure 1 Study site (Mamloo dam).

Figure 2 The image on the left is the original 30-meter Landsat 8 image and the image on the right is the 15-meter fusion image with the Gram 
Schmidt method.

steps to the images to account for factors like atmospheric 
effects, radiometric calibration, and geometric correction. 
This helps to ensure the images are geometrically aligned 
and suitable for accurate analysis.

C.	 Extract water boundaries: Using image processing 
techniques, delineate the water boundaries in each 
image. This can be achieved through methods such as 

A.	 Acquire satellite imagery: Obtain satellite images covering 
the target water body at multiple time points. Ideally, 
these images should have consistent spatial resolution, 
spectral bands, and atmospheric conditions to ensure 
accurate comparisons.

B.	 Preprocess the images: Apply necessary preprocessing 
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thresholding, classification, or edge detection algorithms 
to separate water pixels from land or other features.

In this study, water depth changes from 2017 to 2020 have 
been investigated in four modes: very shallow, shallow, medium, 
and deep. (Figure 3) shows the amount of water depth changes 
for 2018 for the summer and autumn periods.

RESULTS AND DISCUSSION

After separating the water area of the dam lake using the 
MNDWI index, the area of the water body has been calculated in 
the summer and winter months from 2017 to 2020. With using 
image processing techniques, extracted the water body area by 
segmenting the connected water pixels and eliminating any noise 
or small water bodies. the results of which are given in (Table 1). 
According to (Table 1), the backwater area of the lake has been 
obtained using the MNDWI index, which separates the water 
area from other effects such as soil, vegetation, and humidity. 
According to this index, it has isolated only the places where 
there was a water zone and removed other effects such as wet 
soil. According to the research conducted [7,36-38], this index 
has a higher accuracy in estimating the blue area than the other 
indices, and the reason for this is the removal of other effects 
other than water from the pixels of the images. (Figure 4) shows 
the location of the amount of water behind the dam as seen in 
the figure. The location of the blue zone varies in the summer 
and winter seasons. Due to the droughts of the last few years 
and low rainfall, especially in spring and summer, the amount of 
water has decreased, especially behind the dam wall. The largest 
decrease in the area of the water area is related to September 24, 
2018, when the amount of the dam lake area is 1.5651 square 
kilometers, which is a 69% decrease compared to the summer 
of 2017.09.11 when its value was 5.1050 square kilometers. 

He pointed out a sharp decrease in rainfall, and an increase in 
consumption in the agricultural and urban areas, including 
drinking water and other cases. (Table 2) shows the increase and 
decrease of the water area compared to last year in two periods 
of drought and drought. In (Figure 5), the value of water zone 
changes in summer and winter from 2017 to 2020 is shown.

The decrease in area of the blue zone in the summer of 2020 
decreased by 22.5% compared to the corresponding month of 
2019, and also by 60.5% compared to the corresponding month of 
2018, and finally by 24% compared to the corresponding month 
of 2017. There has been a decrease in the blue zone. Also, in the 
winter period of 2020, compared to the corresponding month in 
2017, there has been a decrease of 6.5%. The water area in 2020 
has decreased by 18.7% compared to the corresponding month of 
2018, and the water area of the dam lake in 2020 has decreased by 
23.4% compared to the corresponding month in 2019. As shown 
in (Table 1), the largest water area in the winter of 2019 and in 
the summer of 2017 is due to the good rains in winter and spring, 
and the amount of water storage was somewhat appropriate. As 
it is clear in (Figure 5), the largest number of changes in the water 
area is related to the date 2018.09.24, which is the lowest amount 
of water area. The graph of the blue zone has more fluctuations 

Figure 3 Sample of water depth changes.

Table 1: Lake area behind the dam from 2017 to 2020.

NO Date Water Body are (Km2)
1 2017.09.06 5.2134
2 2017.11.25 5.4794
3 2018.09.24 1.5651
4 2018.11.14 6.2991
5 2019.09.11 5.105
6 2019.11.14 6.6856
7 2020.09.14 3.9600
8 2020.11.17 5.1212
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during the drought period. The values of depth changes by area 
for four very shallow, shallow, medium, and deep conditions for 
different months from 2017 to 2020 are given in (Table 3). The 
largest depth coverage area, for the very shallow state, is related 
to the date of 2017.11.14, which is 3.4 km2. For the shallow 
state, its value is 3.8639 km2 on 2018.11.14. Also, the water area 

Figure 4 Water body area using Landsat-8 satellite images with MNDWI index from 2015 to 2018 for different months.

Table 2: Comparing the water area of different years with 2020 in two periods of 
drought and wet years.

Drought Year

Year
Percentage increase of 
water area compared 

to 2020

Percentage reduction of water 
area compared to 2020

2017.09.06-
2020.09.14 24

2018.09.24-
2020.09.14 60.5

2019.09.11-
2020.09.14 22.5

Wet Year
2017.11.25-
2020.11.17 6.5

2018.11.14-
2020.11.17 18.7

2019.11.14-
2020.11.17 23.4

Table 3: Amount of area covered for different depths in the lake surface.

NO Date Very Shallow Shallow Moderate Deep
1 2017.09.06 2.3913 1.2615 0.4938 0.0456
2 2017.11.25 1.1126 3.8232 0.2110 0.0247
3 2018.09.24 0.1851 0.002 0.0101 0.006
4 2018.11.14 0.3057 3.8639 1.63 0.064
5 2019.09.11 2.9835 0.9643 0.2254 0.0429
6 2019.11.14 3.400 2.4813 0.3980 0.060
7 2020.09.14 1.559 1.007 0.3694 0.0396
8 2020.11.17 0.1392 0.5136 4.059 0.066
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covered for the medium state is 4.059 km2 as of 2020.11.17 and 
finally, for the deep state, its area is 0.066 km2 as of 2020.11.17. 
Also, (Figure 6) shows the amount of water depth changes for 
four states from 2017 to 2020. As shown in (Figure 6), the lowest 
amount of fluctuation is related to the deep state, which has the 
lowest number of changes.

CONCLUSION

In this study, changes in the water area of the Malo dam lake as 
well as depth changes were investigated using Landsat 8 satellite 
images. Also, image fusion has been used to increase the power 
of spatial resolution using remote sensing techniques. According 
to the studies obtained, the amount of water area decreased from 

2017 to 2020, which indicates the lack of precipitation, especially 
in the spring and summer seasons. The lowest amount of water 
area in the studied period is related to the date of 2018.09.24, 
which is 1.5654 km2. The reason for this can be pointed to the 
severe lack of precipitation in spring and summer, as well as the 
increase in temperature and, naturally, the increase in water 
evaporation and the increase in water consumption in hot 
seasons. In this research, the MNDWI index was used to estimate 
the amount of water area, which largely separates the water 
area from other complications, the reason is that the amount of 
moisture in this index is ignored in the estimation of the water 
area. Considering that in the last 11 years, we have not had a 
single disaster in this area and the underground water resources 
and the water behind the dam have decreased drastically, for this 

Figure 5 Changes in the area of the water body. A fall period and B summer period.

Figure 6 Graph of water depth area changes from 2017 to 2020.
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purpose, calculating the amount of water stored and the water 
area behind the dam is of great importance. In this article, only 
using Landsat 8 satellite images and the fusion these images 
from 30 meters to 15 meters, the area of the water area has been 
estimated. Among other factors that influence the amount of 
water area, is the ambient temperature, Ambient temperature is 
one of the factors that influence the amount of water evaporation, 
and consequently, it can affect the extent of water area. Higher 
temperatures generally lead to increased evaporation rates, 
resulting in a reduction of water surface area., which can be 
investigated and analyzed in future research.
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