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Fig 1. Geographical location of the study area

oslaiuls g0 (glaesls

qw,_uu,ejt,_wﬁ,«},n%g,;duﬁu;;clja..mumQV-M}A-wuﬂxeﬁL@;wﬁaﬁnp

o a3l (USGS) 5 ol sz U1 owliippes Oloslo culas 31 0IG1, 55005 LYY B YT sladle gl o

cCl sl Y Jgd s eslatal 5550 glaesls lasein

Y- Jetw s A-Cwdd o)l sabe s glas Solelbl N J g

Table 1. Landsat-8 and Sentinel-2 satellite image information
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Fig 2. The general research approach for Urmia Lake area using Landsat-8 and Sentinel-2 data
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Table 3. Overall accuracy values and Kappa coefficient of Landsat-8 and Sentinel-2 sensor images for 2017
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Fig 3. Images classified by Support Vector Machine algorithm during the years 2013 to 2021. a) Year 2013; b) Year
2014; c) Year 2015; d) Year 2016; ¢) Year 2017; f) Year 2018; g) Year 2019; h) Year 2020; i) Year 2021
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Fig 8. The amount of water area for Urmia Lake in the years 2013 to 2021
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Fig 9. The amount of vegetation area for Urmia Lake in the years 2013 to 2021
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Abstract

Among environmental changes, water plays a very vital role in the political, social and economic issues of countries,
which can be used as one of the most practical sources of water supply available to humans and animals. Investigating
the fluctuations of the water level of the lakes in terms of the importance, location and nature of these water bodies has
become especially important in recent years. Lake Urmia with an area of 51200 square kilometers is of special
importance as the largest internal lake of Iran and the 20th lake in the world. Landsat-8 and Sentinel-2 satellite data for
the years 2013 to 2021 were used to investigate and evaluate changes in the water level of Lake Urmia, vegetation and
soil around it. First, radiometric and atmospheric corrections were made on the images, and then, while using Gram
Schmidt and LMVM integrators to increase spatial resolution, NDWI, AWEI, WI2015 and NDVI indices were
extracted in order to differentiate the lake water level from non-water. paid. Finally, by combining the indicators with
each other and by sampling the training and test samples, in order to classify the images, supervised classifiers such as
Maximum Likelihood, Support Vector Machine, Neural Network and Minimum Distance to Mean were used. Also, in
order to improve the results, the output of the classifiers was merged using the majority voting method. The results of
the research showed that the majority voting method was chosen as the most suitable classification method with the
highest level of accuracy. The water level of Lake Urmia, the vegetation and soil around it have also undergone
significant changes during the years 2013 to 2021, so that in 2021, compared to 2020, the water level decreased by
29.89%, and the vegetation increased by 16.08%. And the soil has increased by 17.50%.

Keywords: Surface Water, Urmia Lake, Remote Sensing, Supervised Classification, Data Fusion, Change
Detection
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Investigating the surface changes of Urmia Lake using the integration of
Landsat-8 and Sentinel-2 satellite data

Abstract

Statement of the Problem: In recent decades, due to the excessive growth of the world's population, human use of
natural resources has not been based on their ability and talent, but based on the immediate needs and technology of
their age. As one of the most important environmental changes in recent decades, we can mention the change of surface
water and its importance on human society and ecosystem. Investigating the fluctuations of the water level of the lakes
in terms of the importance, location and nature of these water bodies has gained special importance in recent years.
Lake Urmia with an area of 51,200 square kilometers is important from various points of view, especially
environmental.

Purpose: The purpose of this investigation is to use Landsat-8 and Sentinel-2 satellite data from Urmia Lake region for
the years 2013 to 2021 and use supervised classification methods such as maximum likelihood, neural network, support
vector machine and minimum distance from the mean to classify images. And also the integration of classified images
by the majority voting method is to improve the results of the classifiers. Finally, by comparing the overall accuracy and
kappa coefficients of the classifiers, the most appropriate classification method was selected and the changes in the lake
water level, vegetation and surrounding soil were investigated in the studied years.

Methodology: The data used in this research, including the free images of the Landsat-8 OLI sensor and the MSI
Sentinel-2 sensor, were used to extract the water area map of Lake Urmia for the years 2013 to 2021. In the first step,
Landsat-8 satellite images for the years 2013 to 2017 and Sentinel-2 satellite images for the years 2017 to 2021 were
downloaded from the United States Geological Survey (USGS) website. Then, the radiometric and atmospheric
corrections of the images were carried out in order to achieve the real reflection of the earth in the advanced ENVI 5.3
software, and finally, the recorded radiance values of the Landsat-8 and Sentinel-2 sensors were adjusted to the real
reflection values of the phenomena using FLAASH and Sen2core255 algorithms, respectively. The surface of the earth
was transformed. In the second stage, Landsat-8 images were upgraded from 30 meters to 15 meters and Sentinel-2
images from 20 meters to 10 meters, respectively, by using panchromatic and pseudo-panchromatic bands and by Gram
Schmidt and LMVM pen sharpening methods. Then, in order to reveal and evaluate the time-spatial changes of the
water level from non-water, four important indices, including the normalized water difference index (NDWI), the
normalized difference vegetation index (NDVI), the automatic water extraction index (AWEI nsh) and the water index
(Wlo15) was used. In the third stage, by sampling training and testing samples, supervised classification methods such
as maximum likelihood, support vector machine, neural network and minimum distance from the mean were used. In
the maximum likelihood classifier, each pixel of the image is assigned to the corresponding group based on the
probabilities after the statistical test and calculating the probability of their belonging to the spectral groups of the
sample. Also, the neural network classifier is a computational model for information processing that is made by
imitating biological neural networks like the human brain. This algorithm is based on a set of connected nodes called
neurons as the smallest unit of information processing and layers. Each layer consists of a number of nodes and by
means of several inputs, the algorithm process is started and leads to an output. In the support vector machine classifier,
by classifying and solving linear equations, a line with a higher confidence margin is selected. In the classification of
the minimum distance from the mean, the distance of each pixel with the center of the clusters of classes is calculated,
and then the selected pixel is assigned to the class that has the smallest distance to the center of the clusters. In the
fourth stage, in order to improve the results, the classification results from these four methods were merged using the
majority voting method. In other words, by combining the results of the classifiers, the weaknesses of different methods
were eliminated and the strengths of each data category were also observed in the final changes map.

Results and discussion: Using remote sensing technology, the manner and percentage of surface water changes in Lake
Urmia, soil and surrounding vegetation were investigated. In this research, changes in the water level of Lake Urmia,
vegetation and soil around it were carried out using free Landsat-8 and Sentinel-2 satellite data during the years 2013 to
2021. Considering the conditions and diversity of the environment, the method of merging the classifiers using the
majority voting method has been able to have higher overall accuracy and kappa coefficients than the other three
methods. On the other hand, the maximum likelihood method also had the lowest level of accuracy in satellite data
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classification. Also, this lake has seen many surface changes in the last decade. This lake had a decreasing trend
between 2013 and 2015, and an increasing trend between 2015 and 2019, and finally it faced a decreasing trend again
between 2019 and 2021. For 2021, the amount of changes in the water level of the lake and the surrounding vegetation
and soil has decreased by 29.89%, increased by 16.08% and increased by 17.50%, respectively.

Conclusion: The obtained results showed that according to the diversity and complexity of the environment, the
method of merging classifiers using the majority voting method has been able to have higher overall accuracy and
kappa coefficient than the other four methods, and compared to the minimum distance from the mean method, it has the
lowest It had the level of accuracy in the classification of satellite data. Despite the decreasing trend of the water level
of Lake Urmia between 2013 and 2015, fortunately the water level of the lake has been increasing since 2015 and the
area of Lake Urmia according to the statistical data of annual rainfall, temperature and evaporation as well as the
measures taken by According to the officials, it has been growing, and this amount has reached its peak in 2019. While
from 2019 to 2021 with a downward trend again, it was observed that the water level decreased by 29.89 percent
(931.44 square kilometers), the soil level increased by 17.50 percent (862.45 square kilometers) and the vegetation level
increased by 0.8 It has decreased by 16% (68.98 square kilometers). The results of this research can help planners and
environmental experts in management decisions to prevent the drying up of Lake Urmia and preserve as much of the
lake as a water source by knowing the changes in the water level of the lake, the vegetation and the soil around it. pay
national and international If policymakers and government organizations ignore the alarming environmental
consequences, we will face risks such as the complete drying of the lake and the occurrence of adverse and irreparable
effects in the Urmia Lake region.

Keywords: Surface Water, Lake Urmia, Remote Sensing, Supervised Classification, Data Fusion, Change Detection.
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