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Abstract

Land cover reflects the reciprocal relationship between humans and the natural environment and illustrates
the way humans utilize land to achieve specific objectives. Changes in land cover—whether in the form of
shifts between different land-use types or alterations in their spatial patterns—constitute a key component of
natural resource studies. In the present research, Satellite images were classified using the Support Vector
Machine (SVM) machine-learning algorithm within the Google Earth Engine platform to examine temporal
changes in land cover. Analyses were conducted across three distinct time periods. The results showed that
rangelands, with an area of 71,350 ha, had the largest extent among all land-use classes; however, they
exhibited a declining trend over time. In contrast, bare lands, which covered 40,451 ha in 1990, showed a
continuous increase, rising from 31% in 1990 to 52% in 2020. The findings indicated that the sharp decline
in rangelands and forests—driven by rising land prices and the lack of economic viability in agriculture—has
led to an expansion of residential and villa developments. These changes have resulted in the loss of
considerable ecosystem service value, which is both economically and environmentally detrimental. Given
that the average annual value of each hectare of rangeland, in terms of ecosystem services and the societal
costs associated with their degradation, is estimated at approximately 4,007,717,893 Rials, the short-term
profitability of certain land uses cannot justify the long-term and irreversible destruction of natural resources.
Therefore, the conversion of rangelands is not economically justifiable under any circumstances. This study
employed a static modeling approach; however, it is recommended that future research consider dynamic
models to analyze the economic implications of land-use change.
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Extended Abstract

Introduction

Land cover reflects the complex interactions between human and natural environments and indicates the
specific purposes for which land is exploited. It not only represents the visible biophysical surface of the
Earth but also mirrors the socio-economic relationships between people and ecosystems (23, 29). Land-cover
changes are mainly driven by human needs and benefits, particularly for agriculture, settlement, and
economic development (21). Therefore, understanding land-use and land-cover (LULC) dynamics is
essential for assessing sustainability and managing natural resources, especially in ecologically sensitive
regions. Land-use change, involving both spatial and temporal transformations, is one of the key indicators
in environmental studies. It provides a scientific basis for detecting land degradation, monitoring human
impacts, and designing sustainable land-management strategies. In lran—particularly in mountainous and
semi-arid regions such as Taleghan County (Fig. 1) —land-use change has accelerated in recent decades due
to population growth, infrastructure expansion, and socio-economic transitions. Rapid urbanization, dam
construction, and tourism development have substantially altered ecological conditions and traditional
livelihoods.

In this study, satellite image classification was performed using Google Earth Engine (GEE) and the Support
Vector Machine (SVM) algorithm for three time periods: 1990-2000, 2000-2010, and 2010-2020. The
results showed that rangelands, covering approximately 71,350 ha, had the largest share among all land-use
categories. Over time, their area decreased from 57% in 1990 to about 40% in 2020, whereas barren lands
increased from31% to52%. These results indicate a substantial shift from productive ecosystems to
degraded or economically exploitative land types.

The reduction in forest and rangeland areas was primarily driven by rising land prices, the growing demand
for residential development, and declining profitability in agriculture. Consequently, valuable ecosystem
services—such as soil retention, water regulation, and biodiversity conservation—have been severely
disrupted. The estimated economic loss resulting from the decline of rangeland ecosystem goods and
services amounts to approximately 4007717893 billion Rials. Despite the short-term gains from land
conversion, these changes are economically unjustified and ecologically irreversible over the long term.
Because this study employed a static evaluation model, it is recommended that future studies apply dynamic
economic—environmental models to better capture feedback mechanisms and temporal interactions between
human activities and ecosystem processes.

Materials and Methods

To prepare detailed land use and land cover maps of Taleghan County, satellite data from Landsat 5 (TM)
and Landsat 8 (OLI) sensors were used, covering the years 1990 to 2020 (Table 1). Images with minimal
cloud coverage and high spectral quality were selected from the Google Earth Engine (GEE) platform during
June to September, when vegetation cover is at its peak and land cover classes are most distinguishable. The
Support Vector Machine classification algorithm was selected due to its strong performance with limited
training samples, high accuracy, and ability to handle complex and nonlinear relationships among spectral
data (16). The methodological steps included: Data retrieval and preprocessing (atmospheric correction,
geometric alignment, and masking of irrelevant pixels); Definition of the study area boundary and extraction
of the area of interest, Selection and definition of training and validation samples for each land use class;
Implementation of the SVM algorithm for supervised classification; and Accuracy assessment using
confusion matrix, overall accuracy, and Kappa coefficient (8). Five major land use classes were defined:
rangeland, forest, barren land, agricultural land, irrigated land,. For each class, 30 training samples were
identified through visual interpretation and ground validation. The classification results were cross-checked
with high-resolution Google Earth imagery and available land-use data from local organizations. This
methodological approach provided a solid basis for detecting spatial-temporal land use changes and
assessing their associated economic and environmental impacts.

Results

The results revealed substantial transformations in the landJcover pattern of Taleghan County over the
threeJdecade period from 1990 to 2020. As presented in Table 2, rangeland areas decreased markedly
from 64.57% to 39.5%, while forest areas declined from 1.16% to 0.5%. In contrast, barren lands expanded
significantly—from 31.69% to 52.95% during the same period—as illustrated in Figures 3. The economic—
environmental analysis indicated that the conversion of rangelands and forests led to an estimated annual loss
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of at least 4,007 billion Rials in ecosystem service values. The principal drivers of these changes included
rural out[Imigration, rising agricultural input costs, the construction of the Taleghan Dam, the expansion of
tourism activities, and the rapid growth of villa and residential developments. Collectively, these factors
highlight the strong influence of sociol[Jeconomic pressures on ecological transformation within the region.
Although the conversion of land for residential or commercial purposes may appear economically profitable
in the short term, Table 3 demonstrates that the long[Jterm value of ecosystem services—such as carbon
sequestration, biodiversity maintenance, microclimate regulation, and soilJerosion control—far exceeds the
temporary financial gains from land conversion. Therefore, prioritizing ecosystem conservation protects
natural capital while simultaneously sustaining local livelihoods that depend on ecosystem goods and
services.

Discussion and Conclusions

This study systematically analyzed land use and land cover changes in the Taleghan region from 1990 to
2020 using multi-temporal satellite imagery and the SVM classification approach. The results indicated a
continuous decrease in rangelands and forests, especially during the 2010s, primarily due to economic
factors such as increased land value, reduced profitability of agriculture, and infrastructure development
following the construction of the Taleghan Dam. The findings highlight that land degradation and conversion
not only cause ecological imbalance but also generate substantial hidden economic costs through the loss of
ecosystem services. The estimated annual damage approximately 4007 billion Rials emphasizes the necessity
of integrating environmental economics into land management and policy formulation (17). In conclusion,
while land conversion for residential or commercial use may yield short-term financial benefits, it ultimately
results in irreversible ecological degradation, loss of biodiversity, and a decline in the resilience of natural
systems. Sustainable management of land resources in Taleghan therefore requires policies grounded in
dynamic modeling, scenario planning, and resilience-based assessment. Future studies should integrate
economic, ecological, and spatial data to develop comprehensive models capable of balancing development
needs with the preservation of ecosystem services. Such integrative approaches will provide decision-makers
with a clearer understanding of trade-offs between economic growth and environmental sustainability,
ensuring that the unique ecological and social values of the Taleghan region are maintained for future
generations.

Keywords: Change detection; Google Earth Engine; Cost-benefit analysis.
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Fig 1. Geographical location of the study area Fig 2. Distribution of the training points in the study area
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Fig3. Land cover map of the study area
Table 1. Specifications of Landsat 5 and Landsat 8 Satellite imagies used in the study
- Acquisition Spatial Number of Spectral Range Temporal
Year Satellite Sensor Date Resolution (m) Bands (um) Resolution
1990 Landsat 5 ™ 15/07/1990 30/120 7 0.45-12.5 16 days
2000 Landsat 5 ™ 21/08/2000 30/120 7 0.45-12.5 16 days
2010 Landsat 5 ™ 11/06/2010 30/120 7 0.45-12.5 16 days
2020 Landsat 8 OLI/TIRS 09/07/2020 15/30/100 11 0.43-12.5 16 days
Table 2. Land[Tuse changes in the Taleghan study area over different time periods (ha)

Land cover 1993 2003 2013 2023
rangeland 95411.37 89,913.37 82,291.70 80,083.34
Agriculture 6,468.57 7,393.87 8,105.15 9,018.10
Residential 2,724.95 3,177.34 3,871.80 4,551.68
Forest 6,615.34 5,147.98 4,378.90 5,064.13
Bare land 15,358.59 20,530.87 55,669.70 19,412.58
Water 0.00 0.00 1,145.90 1,164.00

Table 3. Total Economic Value of Rangeland Ecosystem Services per Hectare (USD), 1993-2023
Type of Value 1993 2003 2013 2023

Direct Values
Fodder 34452 476.63 1200.14 477733
Raw and Mineral Materials 23.79 32.91 82.88 329.86
Medicinal Plants 417 5.76 14.52 57.80
Recreational and Tourism 13.07 18.08 45.54 181.25

Indirect Values
a. Water Regulation 63.01 87.13 2195 873.65
b. Soil Protection 65.33 90.37 227.57 905.78
c. Gas Regulation 41.15 56.92 143.33 570.49
— Carbon Sequestration 23.02 31.85 80.19 319.18
— Oxygen Supply 18.13 25.07 63.14 251.31
d. Biodiversity and Genetic Value 110.11 152.33 383.57 1527.20
e. Climate Regulation 50.04 69.20 174.31 693.56
f. Waste Purification 43.86 60.56 152.78 608.10
g. Soil Formation 300.2 415.32 1045.76 4162.39

Conservation Values
Existence and Heritage Value 3674 415.32 18090.57 80164.66

Total Economic Value 4974.40 1937.35 21923.8 94522.56
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