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EXTENDED ABSTRACT

Introduction: Land use changes are one of the important issues in regional and development
planning. Considering the advantages and capabilities of satellite data, this technology can be
of great help in identifying and discovering these changes; In this study, land use changes in
the Ghaemshahr region were evaluated over a 22-year period.To conduct this research, images
from the 2001 ETM+ sensor, 2014 and 2023 OLI sensor of the Landsat satellite were used. The
main goal of this research is to investigate and reveal land use changes in the city of
Ghaemshahr, located in Mazandaran province, between 2001 and 2023, where a large part of
its forests have been destroyed for various reasons in recent years; since at least two data series
from different time periods are required to monitor land use changes using satellite images.

Material and methods: In this study, data from the ETM+ and OLI sensors of the Landsat
satellite were used to monitor the trend of land use and land cover changes in Ghaemshahr
County in three time periods: 2001 to 2014, 2014 to 2023, and finally to examine the 22-year
changes from 2001 to 2023. The images presented in this system were atmospherically,
radiometrically, and geometrically corrected, and the Jeffreys-Matousita criterion, which is a
type of test to ensure the separation of classes defined using ground control samples, was used.
And the samples were re-corrected and the best band combination was selected, and the study
area was classified into six land use classes. In addition, the minimum separability using the
Jeffreys-Matuseita criterion is zero and its maximum is 2. The results of class separability were
extracted for the years 2001, 2014 and 2023.

Results and discussion: Based on the results of the matrix table, the overall classification
accuracy obtained from the ETM+ sensor data for the year 2001 was calculated to be 89.2 and
for the OLI sensor data for the years 2014 and 2023 it was calculated to be 90.3 and 95.8. Also,
the kappa coefficient for the years 2001, 2014 and 2023 is 0.85, 0.88 and 0.91, respectively. In
terms of the area changed over the 22-year period, the garden and residential land classes have
increased the most, so that the area of these classes has increased from 22.5 and 12 percent of
the total area of the study area in 2001 to 43.5 and 20.8 percent in 2023, respectively, which
means an increase of more than 7,694 hectares in garden lands and 3,139 hectares in residential
lands. Also, the agricultural land class had the largest decrease with a decrease of 11,102
hectares and 29.1 percent. This decrease is due to the conversion of agricultural land to garden
and residential land in the study area. Other classes of water, barren areas and forests decreased
by 0.3, 0.2, and 0.4 percent, respectively. In general, the use of satellite images to prepare maps
of land use and their changes is essential in environmental resource management planning.

Conclusion: The results of this study indicate that the area of forested lands has decreased and
over time, the land cover pattern and consequently land use have undergone fundamental
changes and transformations, and human factors have played the largest role. In Qaemshahr
County, a significant portion of the conversion of garden and agricultural lands is related to the
replacement of residential use in place of these lands.
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Fig. 1- Location map of Qaemshahr city
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Table 1- Specifications of satellite images used in the study area
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Landast 7 +ETM 2001.06.03 35 164 39N

Landast 8 OLITIR 2014.07.26 35 164 39N

Landast 8 OLITIR 2023.07.10 35 164 39N
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Fig. 2- Satellite image-2001-2023 OLI sensor of Landsat 8 satellite (source: USGS website)
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Table 2-Separability of users based on Jeffreys-Matosita criteria for 2001
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Table 4- Separability of users based on Jeffreys-Matosita criteria for 2023
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Fig. 6- map of Land use changes in 2001-2023
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Table 6- Land use changes between 2001 and 2023 AD

S ¥ g9 YOrEL YLy YOYr UYL E TP Y.y
User change type
gl st 5424.14 4607.51 8059.18

Farming to the garden

i 1198.68 2393.14 3186.17
Agriculture to housing

5298 & b 1175.50 956.94 578.58
Garden to agriculture
gha S 172.42 814.51 116.33
Forest to garden
2l sssles 172.18 210.09 100.71
Agriculture is arid
St @ Rl 161.92 187.79 96.84
Arid to agriculture
o' e 159.85 149.67 74.93
Garden to residence
ol sslas 139.68 127.85 67.92
farming to water
2k & F5Sene 69.64 59.20 66.38
Residence to arid
S 4 b 62.49 42.57 60.26
Arid to Residence
gl 2l 50.29 39.77 43.55
Arid to garden
O e 45.52 30.10 2143
Forest to agriculture
ela GsSe 25.79 25.11 20.00
Residence to water
<k 17.30 22.56 8.17
Arid to water
2l gl 16.88 21.19 7.16
Garden to arid
claél 11.79 14.81 5.33
Garden to water
O s 11.43 1.06 5.04

Water to agriculture
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Table 7- Land use changes between 2001 and 2014

2001 51l 60,15 2014 251y 5 0,5 2001-20014 5151 (5,5 o i

Landuse 2001 Landuse 2014 2001-2001 land use changes
331 (L) coluw b any (L) colun bp,5 ao) (HLS) coluw s JUvE NV
ot 18108 48.1 13102 354 -5005 -12.7
agriculture
L
o 323 0.9 364 1.0 41 0.1
arid
@:5 4529 12.0 4736 12.8 206 0.8
Residence
S 6086 16.2 5925 16.0 -161 -0.2
Forest
) & 8477 22.5 12620 34.1 4143 11.5
agriculture
ol
j 143 0.4 315 0.8 172 0.5
water
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Fig. 7- The percentage of land changes between 2001 and 2014
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Table 8- Land use changes between 2014 and 2023 AD

2014 ool g 2, 2023 oolyl 5, 2014-20023 o411 (5 32,5 &l i
s Landuse2014 Landuse2023 Landuse change2014-2023
(HLS) coluwe LT woe (GLSR) cole b, o, (HLS2) Columo it Juve SR WP
69)5L15 13102 354 7005 19.0 -6097 -16.4
agriculture
»b
) 364 1.0 226 0.6 -137 -0.4
arid
6;,5 4736 12.8 7668 20.8 2932 8.0
Residence
S 5925 16.0 5825 15.8 -100 -0.2
forest
‘5—_19 12620 34.1 16171 43.8 3551 9.7
agriculture
<! 315 0.8 42 0.1 -273 -0.7
water

1s Yoy GYoNF 6@&%@‘,‘@},301”:3“,5
0 9/7
S 1 8/0
©
L5
3w
g 4 0 T T T T T
4 -g -5 =
iz S 339 A < > &v -
3 © -10 -YoV¥
v @ -15 Y.oyY
XS
2§ 20 -16/4
@ -25
o
2 -30
'_ -
sRMES
user type
YYY B YN bl (s (ool O s o yo -A S
Fig. 8- The percentage of land changes between 2014 and 2023
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Table 9- Land use changes between 2001 and 2023 AD
2001 alyl 5 0,18 2023 Lalyl 55,8 200120023 Loyl (5 92,15 &l puis
3302 Landuse2001 Landuse2023 Landuse change2001-2023
(HLSe) coluwe L ao (L) cole bepao (LSe) coluo i JUVE W T
‘5.’.)5% 18108 48.1 7005 18.9 -11102 -29.1
agriculture
L
" 323 0.9 226 0.6 -96 -0.2
arid
"'T;E ) 4529 12.0 7668 20.7 3139 8.7
residential
= 6086 16.2 5825 15.7 -261 -0.4
forest
el
& 8477 22.5 16171 43.6 7694 21.3
garden
ol
j 143 0.4 42 0.1 -101 -0.3
water

VEB oo o) o)l T 05 s slarme pole aslila
\hed



Lol Ghed 9 s

YorY Ga¥es) Gledle oo ooyl (6 90315 Ol gl 00 38

o 30

& 21/3

£ 20

o
A3 8/7
g S 10

©
g C
i_: ©
=) Y=
x] o =Yoo
9 & Yovy
N © '
3 c

S 20

7}

o

L -30

= -29/1 )

sRMsES
User type
YeYY G Yoo Gl o (ool Ol juuid o0 -1 SO
Fig. 9- The percentage of land changes between 2001 and 2023
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