[ Downloaded from jwmsei.ir on 2025-12-19 ]

oole 4 s

Ol ool (owaiges 9 p5le
Iran-Watershed Management
Science & Engineering

Vol. 19, No. 68, Spring 2025 VEeF Sk —FA 0 ko — o555 Jlw

Assessment and Analysis of Land Use Changes Using Landsat Satellite Images and
Random Forest Algorithm (Case Study: Khosuyeh Dam Watershed)

4

Zahra Mohammadi® *, Esmaeil Soheili®*2, Yaghoub Niazi®3, Farid Foroughi
Received: 13-12-2024, Revised 22-12-2024, Accepted: 16-01-2025, Published: 09-06-2025
https://doi.org/10.22034/19.68.3

Extended Abstract

Introduction

Land use change analysis is of particular importance due to its direct impact on environmental, social cycles, and ecohydrological
conditions of watersheds. Watersheds in arid and semi-arid regions, especially dam and agricultural plains, as are as sensitive to
environmental changes, require careful management based on scientific data. Remote sensing data is one of the important tools in
this field, which is a suitable alternative to traditional and expensive land surveying methods due to its wide coverage, lower cost,
and ease of access. Satellite image classification, as one of the main steps in remote sensing data processing, includes a variety
of methods, including algorithms such as maximum likelihood, support vector machines, decision trees, neural networks, and
random forests. Previous studies have shown that the random forest algorithm has a high ability to classify satellite images and
prepare land cover maps. This method has been used to analyze land use changes in different regions of the world and has brought
high accuracy in the results. Among the research conducted, we can mention the application of this algorithm in the assessment
of urban, agricultural and forest changes, all of which emphasize the high efficiency and accuracy of this method. In this regard,
the accurate identification and analysis of land use change patterns can not only help improve management processes, but also

serve as a tool for predicting the long-term effects of environmental changes in watersheds.

Methodology

The study area in this study is the Khosuyeh Dam watershed in Darab County, located in the southeast of Fars Province. This
area is considered a semi-arid region of the country, and in line with the objectives of this study, land use changes in this area have
been examined in two time periods (2001 and 2021). To analyze land use changes in the Khosuyeh Dam watershed in the time
period of 2001 and 2021, satellite data from Landsat 7 for 2001 and Landsat 8 for 2021 were selected. Information on precipitation
and temperature in the study area has been collected from meteorological stations. This data has been used to analyze climatic

conditions and their changes over time. For the classification of satellite data, the random forest algorithm has been proposed
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as one of the most effective non-parametric methods. Random forest is one of the powerful and popular algorithms in the field
of machine learning and data classification, which is very suitable for complex and noisy data. This algorithm is constructed
using a set of decision trees randomly and can effectively classify data into different classes. Due to its high ability to deal with
unbalanced data and low sensitivity to small changes in the data, random forest has high accuracy for land cover classification.
Accordingly, in this study, the random forest algorithm was used to classify satellite images and simulate land use changes in

the study area.

Results

To classify Landsat 7 and 8 satellite images in 2001 and 2021, a random forest algorithm with 40 decision trees was used. This
algorithm was selected due to its ability to manage large data, roboticity, and high accuracy in multi-class classification problems,
especially in the field of remote sensing. The number of trees, 40, was determined based on the principle of stable error rates.
Also, considering the multi-band nature of Landsat satellite images and based on previous studies, the square root of the number
of spectral bands (in this study, 7 bands) was considered as the basis for selecting the number of variables examined in each
tree. Comparative analysis of land use maps in the two study periods showed significant changes in land use types, especially
the reduction of wasteland and the increase in urban areas. These changes are the result of a complex interaction of human and
natural factors and can have important consequences on water resources, soil, biodiversity, and ecosystems of the region. Overall,
the total land area in 2021 has increased significantly compared to 2001. Each of the land use classes has experienced different
changes. Some classes such as “cropland” and “buildings” have seen a significant increase in area, while classes such as “barren

land” have seen a decrease in area. These changes reflect different development trends in the study area.

Discussion and Conclusion

In this study, with the aim of analyzing land use changes in the Khosuyeh Darab Dam watershed, Landsat 7 and 8 satellite
images from 2001 and 2021 were used. In order to classify land use more accurately, the random forest algorithm was used, and
the results indicated the optimal performance of this method with an overall accuracy of 89% in 2001 and 91% in 2021. This
indicates the high efficiency of the random forest algorithm in separating land uses and preparing accurate land cover maps. A
comparative analysis of land use maps of the two time periods studied showed significant changes in land use types, especially
the reduction of barren lands and the increase in urban areas. These changes are the result of the complex interaction of human
and natural factors and can have important consequences on water resources, soil, biodiversity, and ecosystems of the region.
This research, using modern methods of satellite data analysis and machine learning, has provided a suitable platform for a
deeper understanding of environmental changes and providing management solutions. The results obtained provide a valuable
tool for managers and planners of the region to formulate natural resource conservation and sustainable development programs.
In addition, the methodology used in this research has the potential to be generalized to other similar regions in the country.
Similar research has also shown that the use of the random forest algorithm can have high accuracy in land classification,

including a study in a semi-arid region that reported an overall accuracy of the random forest algorithm of over 90 percent.
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2. Support Vector Machine
3. Decision Tree

4. Neural Network

5. Random Forest
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Fig 1. Location of the study area in the country, Fars Province and Darab County
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Table 1- Evaluation of the accuracy of land use classification results using the random forest algorithm(2001)

(e w3l s)Ground Truth 2001

J ¥ =2 3 — A %
2 O R 5 9 4
) Yoo Y gy, S0 D
g E’/g Y U put N TN 3 LU/LC Classes
g 3 = T 2 z = B 8 M
= £ £ ¢ = 3 T £ £ <
g8 & 2 = 7 5 Y T & =
< 5 2 =2 A 5 5 9 g (&8sl )
s £ 2 § 3
= O
23
088 26 0 1 0 0 1 1 0 Cropland (=155t e3)
O
088 17 0 0 0 0 2 0 15 0 Garden (L) 5
085 13 0 0 0 0 2 11 0 0 Shurbland (1< 5) %
083 12 0 0 0 10 2 0 0 0 Forest ( 1K) §
092 12 0 0 11 0 0 0 1 0 Build-up (luscsl) N
(=)
0.86 14 0 12 0 0 0 0 0 2 Bareland (,L .51 -
090 10 9 0 0 0 1 0 0 0 Water body (T slaeg) é:
160 9 14 11 12 59 13 17 25 Total () £
1.00 0.86 1.00 0.83 0.86 085 0.88  0.92 Producer Accuracy (s.uSud 5eds) E
0.86 Kappa (45 ) \{;
0.89 Overal Accuracy (_JIs=35)
(VY ) dalaas JRom o, R b (o2l lis 20 sbipald s ob5,l - Jguer
(Y+Y)Y) Table 2- Evaluation of the accuracy of land use classification results with the random forest algorithm
(swe yousdls) Ground Truth 2021
< D
2 ~~ T\ ‘3‘ }5
Q ~ ~—~ [y . ¢ 2 (=Y y
t2 3377 4 2 3 D 3.
g ) - . 3 = Y 3 S 2 E = 5 - 3 LU/LC Classes
< v s 8 9 L o= 5 g S & 5 =
1Y 8 5w 892 3 & © = b= g Y
po el R20RE 5 2 2 & =
- =2 % 8 (S8 sl S)
0.87 30 0 1 0 0 0 0 3 26 Cropland (¢!, sla )
087 15 0 0 0 0 1 0 13 1 Garden (L)
094 16 0 0 0 0 1 15 0 0 Shurbland (4 5)
0.90 50 0 0 0 3 45 2 0 0 Rangeland ( & ) Q
092 13 0 0 0 12 1 0 0 0 Forest ( <) "{? 2
094 16 0 1 15 0 0 0 0 0 Build-up (Glese=L) «“ 2
092 12 0 11 0 0 1 0 0 0 Bareland ( .\ 1)) £ =z
1.00 8 8 0 0 0 0 0 0 0 Water body (I slaag) g‘ RS
160 8 13 15 15 49 17 16 27 Total (Js) [
~ N
1.00 085 1.00 080 092 088 081 096 Producer Accuracy (sLosudy5eds) B
0.89 Kappa (LS ,2)
0.91 Overal Accuracy (| JSc3s)
VEoF Jlar —FA oyl —oadjsi Jlus £) ol o5l it 5 o5l


https://jwmsei.ir/article-1-1185-en.html

[ Downloaded from jwmsei.ir on 2025-12-19 ]

Yeviy Yo sladle gl @;Lajdf.& r;:-)_,fjl L gloail
o st sale g gl ol 68 Sl 0SS
a3 0L 1y bl ol
YN B Yo ladle o bl @lS ek £l
Y 0o 43‘)‘ J_}Jo- A e 43\)‘ \) 4 g ).:}UI-/L\A o) D b
)J A.le.b ))}A 4&.& d&b‘ (5).4)& )J b JPJSL}JG Q‘j::x;
ke Jelse amd (Dl as ) s e QLA s 5 Jsb
°>j',‘ )\.lfﬂ.?‘l.? Wl}-j JL.A;;\ 4%).2.3?;0).1 ASC,.\»‘ L;‘sz
cl atils e BB Al YoV e s Yo TV L s

Viazol 5 rab oS ot 3 Sk a4 5 b5 ol
338 e soldels 5 gsliS aole Sl lac s 5 2lS
LSl s ks s Ll Sle Coles S 515
Sl 53l s il WaelS] o oy e S b 5 e Sl eslinud
3Bl sell Gl a2 sbasolis b Ko Coliws
GO b s aebale 4 (280 5 5, S e b 5 b S
sasOlis baglestle b a5 BB Aol 3l Lol day 63
PR 5 Sl s 5 SSemnGble aan S e e A
ol ol e eslixal edasilis plla e Colow a5 LG
el G by o (sslis sbadle ¢l S
B O P N PV P PO S GV NCI I At

\"Y\j"' v 6"“‘-"""6‘)‘ ‘;.b‘)|6|j)\56$a@@b -y d}b
Table 3- Land use classification results for 2001 and 2021
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