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ABSTRACT

Changes in land cover and land use due to human activities have left adverse effects on
the environment. The eastern regions of Ardabil province are a clear example of this
phenomenon. The purpose of this research is to analyze spatial and temporal changes
in land cover and land use and its effects on the temperature of the surface of the earth
in Lake Neor. To estimate land use and land cover, random forest models (RTC),
maximum likelihood model (MLC) and support vector machine (SVM) were used and
the efficiency of each was estimated by the Kappa coefficient and it was observed that
the SVM model has the highest Kappa coefficient (0.87) Bands 6, 5 and 10 of Landsat
8 were also used to extract the LST index, and it was observed that the western part of
the lake faced an increase in the temperature of the earth's surface. During the time
period of 2002, 2013 and 2022, significant changes were observed in the water area of
Neor Lake and its nearby vegetation. Barren lands had the largest extent in all studied
periods. Vegetation has increased by 1.04 square kilometers based on SVM model. The
surface area of the lake was estimated as 3.19 square kilometers based on the MLC
model in 2002. The area of the water zone in the MLC model has decreased by 1.56
square kilometers between 2002 and 2022, and this decrease is 0.67 and 0.69 square
kilometers for the RTC and SVM models, respectively.
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Introduction

The use of classification methods is one of the widely used cases of using remote sensing data. Each classification
method achieves different results. The maximum likelihood method and minimum distance are among the most
common classification methods. A major weakness of these methods is that it is difficult to distinguish a complication
that has a small spectral effect difference compared to other complications. These problems have led to the creation of
newer methods. The artificial neural network, support vector machine algorithm, random forest, and maximum
likelihood are some of the methods presented nowadays.. One of the most widely used methods in the separation of
satellite images is the Support Vector Machine (SVM) method presented by Vapnik (1992). In this method, the
classification of data is linear, and the line with the largest margin is used to divide the data. Accordingly, this research
investigates the changes that occurred in the surrounding environment of Lake Neor using three methods, namely the
SVM algorithm, maximum likelihood classification, and random tree, and the efficiency of each was evaluated using
the Kappa coefficient. Moreover, temperature changes were identified using the LST index in the 2002-2022 period.

Methodology

In this research, the Maximum Likelihood (MLC), Random Tree (RTC), and SVM methods were used to investigate
changes in both the water area of Neor Lake and in the cover and use of its surrounding environment. To investigate
the use of the LST index, the Landsat 5 satellite images on July 14, 2002, and Landsat 8 on July 28, 2013, and July 13,
2022, were downloaded from the US Geological Survey website. Seven bands of each image were combined and trained
in the calculations of learning algorithms. Through the trained values, the area was divided into three uses: water area,
vegetation, and wasteland, and analyzed in the relevant algorithms to obtain the output map.

Results and Discussion

In the RTC random forest model, the area of the water zone in 2002 was equal to 3.53 km? which was reduced to 2.86
km? in 2022. The area of vegetation increased from 2.29 km? in 2002 to 3.85 km? in 2022. The area of barren lands was
accompanied by a slight decrease and reached from 12.61 km? in 2002 to 11.71 km? in 2022. This type of land use
occupies the largest area in the study area. Using SVM as the last learning algorithm in this research, the area of the
blue zone in 2002 was estimated to be about 3.5 km?, which is very similar to the values obtained by the random forest
model in the same year. In 2022, this type of land use has an area equal to 2.81 km?, which is only 0.05 km? different
from the value obtained with the random forest model. The vegetation of this area was equal to 2.42 and 3.46 km? in
2002 and 2022, respectively. Finally, the last type of land use, which is devoted to barren land, has the largest area and
shows the least change from 12.5 km? in 2002 to 12.15 km?, which shows a very slight decrease. Based on each index,
the estimated surface temperature values indicated that the minimum and maximum temperature values were 14.24 and
39.92 °C, respectively, on July 14, 2002, which was the lowest temperature recorded on the surface of the lake. On July
28, 2013, the minimum and maximum temperatures were 17.42 and 40.9 °C, and the minimum temperature showed an
increase of 3.18 °C compared to 2002. It can be seen that the western part of Neor Lake has faced an increase in
temperature.

Conclusions

Various methods have been proposed to investigate land use and land cover changes, including SVM, random forest,
and maximum likelihood models. Therefore, the above methods were used in this research to estimate the trend of land
use changes in the area of Lake Neor for the years 2002, 2013, and 2022. The results showed significantly similar values
estimated by the SVM and random forest models. For example, the amount of water area in 2002 in the SVM model
was equal to 3.5 km?, which was estimated to be equal to 3.53 km? in the random forest model, with a difference of
only 0.03 km?, while the model estimated the maximum probability of this amount to be about 3.19 km?. The water area
decreased and the vegetation increased in all models, and the largest increase was observed on the southern shore of the
lake. Barren lands with the largest area have seen the least changes. The results show that the surface of the Neor Lake
is decreasing in the southwest and northeast parts.
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Figure (1): Location of the studied area in the Neor Lake area
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Figure (2): False color images resulting from the combination of 7 bands in the years 2002, 2013 and 2022
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Table (1): Characteristics of the bands used by Landsat 5 and 8 satellites
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Figure (3): Values estimated by the maximum likelihood model in the period from 2002 to 2022
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Table (2): Values of each land use and land cover for RTC, MLC and SVM models in 2002
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Table (5): The amount of land use and land cover changes in the MLC model in the period from 2002 to 2022
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Table (6): The amount of land use and land cover changes in the RTC model in the period from 2002 to 2022
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Table (7): The amount of land use and land cover changes in the SVM model in the period from 2002 to 2022
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Table (8): Kappa coefficient values for support vector machine, random forest and maximum similarity models in the period from 2002

to 2022
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.Figure (8): Longitudinal profile of the lake surface based on the temperature changes of the LST map in the years 2002, 2013 and 2022
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