Hydrogeomorphology

Research Paper

{dl))‘ 8 Investigating the impact of land use/land cover change
€< 448 trends on the status of groundwater resources using

1947
Tabriz University

Vol. 13, No. 46, 2026

satellite images, GIS, and GS+

Batool Zeinali '/, Maryam Mohammadzadeh shishehgaean °

1. Professor of Climatology, Department of Physical Geography, Faculty of Social Sciences, University of Mohaghegh Ardabili, Ardabil, Iran.

Zeynali.b@uma.ac.ir

2. Phd student, Geomorphology, Department of Physical Geography, Faculty of Social Sciences, University of Mohaghegh Ardabili, Ardabil,
Iran. mmohamadzadeh23@gmail.com

Keywords

Object-oriented
classification,
groundwater,
geostatistical methods,
Marand County,lIran.

Received: 2025/05/11
Accepted: 2025/09/20
Published: 2026/04/12

ABSTRACT

Introduction

The limitation of surface water resources, the increase in water consumption demand
along with the industrial and economic development of societies and the increase in
agriculture have made groundwater a valuable natural resource to meet the relevant
needs. On the other hand, the excessive extraction of groundwater has become a serious
global problem, especially in developing countries (Koniko and Kennedy, 2005: 318).
Therefore, in order to protect and manage these valuable resources properly and
effectively, the study and investigation of groundwater level changes is of particular
importance. Given the complex and unobservable conditions of the subsurface
environment, groundwater modeling is a powerful tool for developing feasible
management plans for groundwater and protecting this vital resource. (Ja and Sahu,
2015: 672).

Methodology

The research steps were as follows: after preparing piezometric well statistics, the data
highlighting method was used to eliminate the deficiencies in the study data. The
highlighting method used was the interpolation method, which was performed by
Neural Power software (based on artificial neural networks), to eliminate the
deficiencies in the data. Logarithmic transformation was used in SPSS software to
normalize the data, and GS+ software was used for geostatistical analyses. ENVI5.3
software and radiance and flash methods were used for atmospheric, radiometric, and
geometric corrections, and GIS10.5 software was used to extract the desired maps.
Object-oriented classification method was used in eCognition Developer64 software to
classify land use. In the object-oriented classification method, spectral information is
combined with spatial information and pixels are segmented based on shape, texture
and gray tone in the image surface with a specific scale and image classification is
performed based on these segments (Faizizadeh & Hilali, 2010: 77). In segmentation,
pixels are segmented by different algorithms in different sizes, with different spectral
and shape ratios and are classified into various objects based on spectral and spatial
characteristics. During this process, image objects are created according to their
homogeneity or heterogeneity based on scale, color, shape, smoothness coefficient and
compression shape parameters.
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Results and Discussion

Groundwater level map The highest average water level in 2003 was recorded for the water area use with 12.53 meters
and the residential area with 17.48 meters, and the lowest average water level was recorded for the agricultural land
area with 48.45 meters. Considering the land use map and the groundwater level map of 2023, the highest average water
level in this year also belongs to the water area use with 89.36 meters of gardens with a value of 78.32, and the lowest
average water level recorded is related to the residential area use with 16.24 meters. It is clear that if the water level of
both years related to the study area is compared, it can be inferred that the average level of all uses in 2023 decreased
significantly compared to 2002, which indicates the critical situation of groundwater and excessive use of these
resources.

Conclusions

Knowing the ratio of uses and how it changes over time is one of the most important issues in planning and policy-
making. For this reason, in this research, in the first step, an attempt was made to classify and then examine the changes
that occurred in a specific time period in Parsabad County. For this reason, in this research, in the first step, in order to
classify and record changes in a 20-year period, an attempt was made to classify images using an object-oriented method
in eCognition software and output maps were extracted in ArcGIS10.5 software. The largest area in 2003 belonged to
the agricultural land class with an area of 1153.880 hectares. The second area belonged to the pasture class, which had
the largest area with 456.205 km. The smallest area belonged to water use with 1.224 km. For the year 2023, agricultural
land with 327.752 km2 was the largest, followed by orchards with 647.561 km2. Looking at the land uses, the results
show a significant difference. Agricultural land use had the highest degree in 2023, which has changed over time. The
residential area has also increased significantly.

According to the values in Table 5, the best model in the GS+ environment In order to select the best interpolation
model among the different models, RBF, IDW and Kriging, all models were evaluated and only those models that had
greater accuracy than other models were selected. For the Kriging method for the year 2003, K-Bissell was Gaussian
for the year 2023.
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Figure (1): Map of the study area and geographical location of the study area
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Figure (2): Sample image of Marand city (Scale: 160 figure 0.5 compression coefficient 0.5)
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Figure (3): Flowchart of research steps
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Figure (4): Land use classification map of 2003 . 2025
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Table(2): Land use area in 2003 and 2023
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Table(3): The area of changed uses of Marand city in a period of 20 years
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Table (4): RMSE and ME statistics in different interpolation methods of Marand city for 2003and 2023
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Figure (7): Introduction map 2003

45°36"0"E

45°48"0"E 46°0"0"E

46%12'0"E

46512"0"E

Lozal,

. VE-Y Jlsals
I R e
T R
OF-¥ ) Lo

e =ity

[ |2mes-1327

I 13127 - 24125
B 24725 - 35024
[ 35124 - 46123

[ a6r23 - 57121
[ | 5721 68120

[ | s&sr20-79119
I 7919 - 90MT
I so0/17 - 101716

38°34'0"N 38°41'0"N

38°270"N

38°20°0"N

18 24

6 3 0
==

{ | Kilometers

45°24"0"E 45%36'0"E 45°45'0"E 46%0'0"E

W30 ol el VFY Lo (2l 05,0 4l (M) S5
Figure (8): Introduction map 20230f Marand city
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Table (6): Statistical characteristics of groundwater level of Marand city uses in 2003
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Table (7): Statistical specifications of groundwater level of Marand city uses in 2023
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