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Table 1. An example of external and internal research regarding urban sprawl estimation and land use/land cover changes
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Fig. 2- Landsat satellite imagery of Zanjan City in the studied time periods (Source: U.S. Geological Survey website)
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Table 2. Positive and negative dimensions, effects, and consequences of urban sprawl
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The destruction of natural resources, agricultural lands and animal

habitats, and the threat to wildlife due to the development of urban
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fragmentation of habitats.
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Table 3. Land use /cover classification scheme
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Fig. 3- Classification of Landsat satellite imagery in the studied time periods
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Table 4. Detailed results of Landsat satellite imagery classification in the studied time periods (hectares)
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Fig. 4- Chart of land use/cover area changes in the studied time periods
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Table 5. Land use/cover changes in the studied area during 1986 - 2016 (Hectare)
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Fig. 5- Map of land use/ cover changes from 1986 to 2016
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Table 6. Population, area, and gross residential per capita of Zanjan City in the studied period
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Table 7. Contribution of demographic factors in urban sprawl at Zanjan City in the study period (percentage)
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Fig. 6- The chart of population factor and urban sprawl at Zanjan’s urban growth (percentage)
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Table 8. Probabilities of land use changes to built-up areas until 2026 based on the Markov chains model
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The Probability to Remain/Change to Built -Up Areas by 2026 Obtained by Markov Chain.
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Fig. 7- Probabilities of land use changes to built-up areas based on the Markov chains model
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Table 9. Land use/cover area in 2026 based on the prediction results of Cellular Automata
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Introduction: Nowadays, the urban sprawl phenomenon has become one of the most important concerns of
planners and policymakers. The lack of attention to this phenomenon has led to irreparable consequences such
as threatening natural resources, and social, economic, physical, and environmental constraints and
disadvantages. In order to better understand such a model, it is necessary to evaluate and identify the
socioeconomic factors affecting it.

Material and methods: The methodology in this research was a combination of descriptive and explanatory
research, the type of research was applied, and its approach was considered quantitative and qualitative. Data
collection was done using library and field survey methods. Also, remote sensing and Landsat satellite images
of the studied area during the mentioned period was used. In addition, to analyze Zanjan’s urban sprawl, the
method of classified classification, land use classification and cross-feasibility model, the extent of changes in
different land uses, and the Holdern model were used. In order to predict the trend of changes and to investigate
possible changes in land uses for the 2026 horizon, the Markov chains model was used.

Results and discussion: In the studied area, the results of the research indicated that over the past three
decades, with uneven development in Zanjan City, the urban area has almost tripled. Theoretical analysis of
Zanjan’s urban sprawl according to Heldern model indicated significant urban sprawl domination in the
physical development of Zanjan, which always had more effect than the population growth. During the studied
years, Zanjan’s urban area had a multiplier increase that in contrast to this expansion, had a significant decrease
in orchards and agriculture. In this situation, what made a big difference were the changes in orchard and
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agricultural land uses. There were many factors involved in this matter, most notably the growth of urban
population and urban sprawl.

Conclusion: Based on the forecast for 2026, the probability of land use changes to the city over the next 10
years is significant, during which the number of built-up areas in Zanjan will reach 6311.88 hectares. It should
be noted that orchards and agricultural lands have only a 23.56% possibility of conversion to urban areas.
Therefore, necessary actions are required to prevent over-urbanization. In developed countries, considering the
importance of sustainable development, environmental protection and the efficient use of various sources,
smart growth, and urban development are highly important. Moreover, preventing the excessive growth of the
city's boundaries, the high-ranking agenda, and the use of the compact city pattern, as well as the direction of
the expansion of the city towards regolith and abandoned lands with the aim of preventing constructions in
agricultural land can be considered.

Keywords: Urban sprawl, Zanjan, Remote sensing, Land-use, Satellite images.
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