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Uncontrolled and scattered urban development in growing cities has created serious
challenges for environmental sustainability. This research was conducted to predict the
spatial development of Yasou;j city and the changes in its surrounding land uses from 2001
to 2037. Landsat 7 satellite data were used for 2001 and 2013, and Landsat 8 data for
2025. After performing radiometric and atmospheric corrections on the images using
ENVI 5.6 software, supervised classification was performed using the Maximum
Likelihood Classification (MLC) method, and its accuracy was validated. To simulate and
predict changes, the CA-Markov model was used within the TerrSet 2020 software
environment. The results of this study showed that during the studied period, the area of
residential and agricultural lands increased. The classification results for all three studied
years had acceptable accuracy; therefore, it can be claimed that the model possesses
acceptable spatial and quantitative accuracy. The growth of residential and agricultural
areas primarily occurred at the expense of the quantitative and qualitative reduction of
forests and fertile rangelands surrounding the city. The prediction map for the year 2037
shows an intensification of urban sprawl, extensive expansion of scattered settlements,
and further weakening of natural land covers. The findings highlight the necessity of
revising urban development patterns in Yasouj and adopting approaches based on
compact growth, defining urban growth boundaries, and preserving green belts to ensure
a balance between development needs and ecological sustainability. Therefore, it is
recommended to utilize the inner capacity of the city (infill development) instead of urban
growth in peripheral and suburban areas.
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Introduction

Urban development, as one of the most important spatial-demographic trends, has expanded at a
significant pace in recent decades, influenced by factors such as population growth, intensified migration
to cities, concentration of economic and service activities, and increased demand for housing and
infrastructure. This trend has occurred in many countries, especially developing countries, mainly
horizontally and uncontrolledly, leading to the seizure of fertile agricultural lands, destruction of
vegetation, and loss of wetlands, which has resulted in a decrease in the quality of the urban environment
and a threat to future food security. In fact, uncontrolled and scattered urban development in growing
cities has created serious challenges for environmental sustainability. Given the complexity of land use
changes and the widespread impacts of urban development, quantitative analysis of spatial trends
through urban development modeling is essential. Spatial modeling of urban development is a process
that simulates and predicts physical growth patterns of a city using analytical and computer techniques.
There are various methods for modeling land use changes, each with its own advantages and limitations.
The results of these models help planners and policymakers to better understand the spatial and temporal
consequences of urban growth and to formulate effective strategies for sustainable development and
natural resource management. This research aimed to predict the spatial development of Yasuj and the
changes and developments of its suburban land uses during the years 2001 to 2037.

Material and Methods

Yasouj city, due to its unique natural and cultural features and specific geographical location, has a
significant capacity to achieve urban growth and is one of the main centers of population attraction in
the southwestern region of the country. However, the increasing acceleration of population growth and
physical development of the city has created serious challenges in the field of urban management, spatial
planning and infrastructure provision. The study area is limited to the outskirts of Yasouj city from the
north to Yasuj Forest Park and the slopes of Mount Dena to Deh Baraftab, from the south to the
Maleshore Pass to Dashtroom, from the west to Rahmali and Firouzabad, and from the east to the
Maparviz Pass and Qalat. This area is located in a geographical location of 51°20'40' to 51°51'00'51'00'
and 30°22'00' to 30°48'30" north latitude. The maximum and minimum altitudes of the region are 3263
and 1622 meters above sea level, respectively. Predicting land use changes and urban expansion, as one
of the most basic needs of urban planning and land management, has become an important tool in
environmental and urban research today using satellite data and complex models such as Markov Chain
and Cellular Automata. Satellite data from Landsat 7 ETM+ sensor for the years 2001 and 2013 and
Landsat 8 OLI/TIRS sensor for the year 2025 were used. After performing radiometric and atmospheric
corrections on the images in the ENVI 5.6 software environment, supervised classification was
performed using the maximum likelihood method (MLC) and its accuracy was validated with the total
accuracy and kappa coefficient indices. In order to model and prepare a land use prediction map, the
Cellular Markov Network (Ca-Markov) model was used in the TerrSet 2020 software environment. In
this software, conditional probability images, transition probability matrices, and transition level
matrices were extracted for the time periods 2001 to 2013 and 2013 to 2025 using Markov chain
analysis.

Results

The results of this study indicate that during the study period, the area of residential and agricultural
areas has increased continuously, so that from 2001 to 2013, residential areas have increased by 2365.2
hectares and agricultural areas by 34.480 hectares, and from 2013 to 2025, residential areas have
increased by 1462.59 hectares and agricultural areas by 8643.05 hectares. The predictions also showed
that from 2025 to 2037, the area of residential areas will increase by 1335.6 hectares and agricultural
areas by 2532.24 hectares. The classification results in all three years studied had acceptable accuracy.
Therefore, it can be claimed that the model has acceptable spatial and quantitative accuracy. High values
of kappa indices indicate the appropriate performance of the model in predicting land use/cover changes.
The Kappa value for no information equal to 0.89 indicates the high ability of the model compared to
the random state. The Klocation index with a value of 0.87 indicates that a large part of the predicted
cells are located in their correct location in terms of location relative to the real map. Also, the Kappa
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value for location strata equal to 0.65 indicates the acceptable accuracy of the model in predicting the
correct land use class of the cells in each spatial area. Finally, the K standard value equal to 0.83 confirms
that the Markov Autonomic Network model has high accuracy and validity for spatial simulation in this
study. The growth of residential and agricultural areas has mainly occurred at the cost of a quantitative
and qualitative decrease in the forests and fertile pastures around the city. The forecast map for the year
2037 indicates an intensification of the urban sprawl trend, a widespread expansion of scattered
settlements, and further weakening of natural covers.

Discussion and Conclusion

The pattern of land use changes in the outskirts of Yasouj in all the time periods studied has been a
function of the process of horizontal urban growth and the gradual penetration of the city into the
surrounding lands. In all three time periods, a continuous decrease in natural uses, including forest and
pasture, is observed in contrast to a continuous increase in man-made uses, especially residential and
agricultural areas, which indicates the dominance of physical development over environmental
considerations in spatial management of the region. The continuous decrease in forest and pasture is a
serious threat to environmental sustainability, ecological balance, and quality of urban life, and
highlights the need to adopt intensive development approaches, maintain green belts, and control
excessive suburban development. An examination of the general trend of land use changes in different
periods shows that urban development in the outskirts of Yasouj has been gradual and continuous in
nature and has been accompanied by a continuous decrease in natural uses. The continuous increase in
residential areas and physical dispersion indicates the lack of a clear boundary for urban development,
the weakness of growth management policies, and the lack of integration of environmental
considerations in decision-making. The findings highlight the need to review the urban development
patterns of Yasouj and adopt approaches based on intensive growth, determining the boundary of urban
development, and preserving green belts to ensure a balance between development needs and ecological
sustainability. Therefore, it is recommended to use the city's internal capacity instead of urban growth
in peripheral and suburban areas.
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Figure 2. Land cover/land use map of the study area in 2001
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Table 1. Area and percentage allocated to each land cover/land use class in the study area in 2001
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Figure 3. Land cover/land use map of the study area in 2013
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Table 2 - Area and percentage allocated to each land cover/land use class in the study area in 2013
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Figure 3. Land cover/land use map of the study area in 2025
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Table 3 - Area and percentage allocated to each land cover/land use class in the study area in 2025
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Table 4. Area and percentage allocated to each land use class in the study area in 2037
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Figure 5. Predicted land use map of the study area in 2025
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Table 6. Area and percentage allocated to each predicted land use class in the study area in 2025
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Table 8. Land cover/land use changes in the study area during the period 2001 to 2013
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Table 10. Land cover/land use changes in the study area during the period 2025 to 2037
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