Print ISSN: 2383-451X
Online ISSN: 2383-4501

Pollution

The University of Tehran Press

https://jpoll.ut.ac.ir/

Spatial Modeling of Land Use Changes in Qazvin City until 2025

Amir Sadeghi' | Roxana Moogouei*® | Saeed Malmasi! | Alireza Gharagozlou®

1. Department of the Environment, North Tehran Branch, Islamic Azad University, Tehran, Iran
2. Department of the Environmental Planning, Management and Education, North Tehran Branch, Islamic Azad University,

Tehran, Iran

3. Faculty of civil water and environmental engineering, Shahid Beheshi University, Tehran, Iran

Article Info

ABSTRACT

Avrticle type:
Research Article

Avrticle history:

Received: 24 March 2024
Revised: 18 July 2024
Accepted: 04 January 2025

Keywords:

CA Markov

Land use changes
Emission of pollutants
Qazvin

Predicting the future development of the city has an essential role in achieving sustainable
development. There isadirect relationship between land use changes and emission of pollutants.
The present study used satellite images, remote sensing models, and geographic information
systems to predict land use changes in Qazvin City. In the first step, the Principle Component
Analysis was used to summarize the data and highlight the similarities and differences between
the different bands. Then, the land use map for each of the studied years (1990, 2000, 2010,
and 2020) was drawn using the Land Change Modeler analysis, and the land use changes
between 1990 and 2020 were calculated. The findings show a severe decline in agricultural
land and green space as a result of their conversion into constructed land. 735.66 hectares
of these lands were destroyed during the study period and turned into constructed lands. If
this trend continues until 2025, another 69 hectares will be destroyed. Converting agricultural
lands and green spaces to residential, commercial, and industrial greatly increases the potential
for pollutant emissions. These changes are associated with an increase in greenhouse gases in

urban areas. This development should be based on green infrastructure especially the use of
renewable energies and the management of freshwater.
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INTRODUCTION

The rapid growth of urbanization over the last four decades has led to the expansion of the
physical space of cities and the destruction of their surroundings, which are often agricultural
lands and gardens (Abdu-kawy et al., 2019, Zhang et al., 2024). Urban development is associated
with increased energy consumption and increased pollution release. Moreover, Environmental
and social instability is emerging in these changes (Abousaeidi & Hakimian, 2020). The
transformation of green spaces into urban areas and the increase in transportation have caused
air pollution and directly affect climate change (Knobel et al., 2023). Population projection by
2050 has estimated that about 68% of the world’s population will live in cities. Extensive land
use change, often accompanied by degradation of the environment and natural resources, water
pollution, air pollution, and waste production, has become a serious issue in recent years. The
higher the population growth and centralization of urban facilities in a region, the greater the
conversion of agricultural land into built-up areas and consequently release of the pollutants
into the environment (llyassova et al., 2021). Skog and Steinnes (2016) found that there is a
strong link between urbanization processes and the conversion of agricultural land into built-
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up land. Improper use of land, regardless of environmental capacity, has destroyed the balance
of the environment of cities and has challenged sustainable urban development.The loss of
agricultural land near cities is causing more poverty for people living in these areas, which is
contrary to the goals of sustainable development (Acheampong et al, 2018). With climate change,
soil erosion, pollution, using wastewater in irrigation and water pollution, and salinization, the
world may face a severe agricultural crisis. Therefore, agricultural conservation and pollution
management are among the important strategies for achieving sustainable urban development
(Skog & Steinnes, 2016). During the growth of most metropolises, a large part of the most
suitable lands are immediately were changed to urban areas, including the adjacent agricultural
and forest lands. This action will directly affect climate change and will harm the biodiversity
of the region. To manage sustainability and crop production issues more effectively, spatial
analytical techniques are important tools. These tools optimize urban planning and monitor
conversations of agricultural lands, green spaces, and urban areas with each other. Accurate
evaluation of agricultural lands using spatial data and remote sensing technology helps decision-
makers generate long-range planning for food security and a sustainable environment. This
technology is also widely used for pollution monitoring and control. Moreover in a variety
of Analytic Hierarchy Processes (AHP) analysis has been used to specify weights for paired-
wise comparisons of variables. The AHP method has been used (Saaty, 1980) for suitability
analysis of agricultural lands. Moreover, in recent decades, GIS and RS have been widely used
for environmental monitoring and urban planning (Stephone et al., 2016; Kumar et al., 2020).
During the operation stage of the city, integrating urban development planning with geographic
information systems provides smartness for city planners. Gathering and analysis of Spatio-
temporal data for environmental monitoring and assessment are necessary decision support
tools for better management of urban areas (Marzouk & Othman, 2020). FUZZY ARTMAP
and (Cellular Automata) CA-Markov models were selected based on previous research studies
(Yousefi et al., 2021). The fuzzy Art Map method is one of the image classification methods that
have a high ability to distinguish different land cover classes, especially mixed pixels. Markov
chain and CA Markov are applied to allocate change to each use and the forecasting. Previous
studies show that the fuzzy Art Map method has the highest accuracy with a total accuracy of
94.68 and a kappa coefficient of 91 compared to the two methods of multilayer perceptron
artificial neural network with a total accuracy of 92.99 and a kappa coefficient of 0.89 and
support vector machine with a total accuracy of 90.93 and a kappa coefficient of 0.85 in the
satellite data classification (Ehsani & Shakeryari, 2019). Moreover, Mansour et al., (2020) have
found that the integration of Geographic Information System techniques with the CA-Markov
model successfully simulated spatiotemporal land use/ land cover changes. Land use change
(LUC) simulation is the most important method for researching land use change in developing
projects. The Cellular Automata model is a spatiotemporal dynamic simulation model based
on discontinuities that are generated by some very simple local rules. By combining the two
(number and spatial advantages) the CA-Markov coupling model can improve the simulation
accuracy and has a respectable effect on the simulation and prediction of spatiotemporal
changes (Zhang et al., 2021). Identifying the development of cities and the effects they have
on the destruction of environmental resources, especially agricultural lands, is one of the basic
aspects of environmental management and sustainable development. The purpose of this study
is to identify, analyze, and explain the physical growth of Qazvin City between 1990 and 2020.
The next goal is to predict physical changes by 2025 and then estimate the extent and severity
of vegetation and agricultural land degradation in the study area.

MATERIALS AND METHODS

This research has been done using remote sensing data (Table 1) and GIS for the location
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of Ghazvin city. Most of the settlements in Iran, in the early stages of formation, have been
established among agricultural lands to use good soils for agriculture. Over time, with the
expansion of villages and their transformation into cities and then the development of cities,
good agricultural lands have become poor lands. Qazvin city has grown excessively in recent
years due to its important economic, agricultural, and communication role. Therefore, the
physical development of Qazvin city in 30 years from 1990 to 2020 was analyzed in satellite
images using remote sensing models. The first step was to create a land use map. Therefore,
the land use map was created into three classes: agricultural land and green space, constructed
lands, and other land use. For visual clarity and preparation of color image, in TM and ETM *
images, 1-4-7 and 2-4-7 band combinations were used and for Landsat 8 images, Operational
Land Image (OLI) sensors were used in 2-5-4 combinations (Abdu, 2019; Dutta & Das, 2019;
Dharani & Sreenivasulu, 2021). Before classifying the images, to reveal and highlight the data
in the studied bands, principal component analysis was performed in IDRISI software (Figures
1 and 2). Then, from the obtained images, the land use map in the studied periods was prepared
using the Fuzzy ARTMAP model. This model is a subset of supervised classification models
and is consistent with fuzzy logic. Art map fuzzy method is one of the types of remote sensing
classifications that are based on analysis of neural network analysis (Aliabad, et al, 2019; Anitha
et al, 2020). Land Change Modelers (LCM) can be a handy tool for environmental and urban
growth research concerning land use change. IDRISI software was used to determine land

Table 1. Specifications of satellite images used

Satellite Sensors Pixel size Number of bands Date
Landsat 4-5 ™ 30 7 1990-2000

Landsat 7 ETM* 30 8 2010

Landsat 8 OLI/TIRS 30 11 2020

Fig. 1. PCA index for 1990 and 2000
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Fig. 2. PCA index for 2010 and 2020

change. Using the LCM modeler, land use changes were calculated (Ansari & Golabi, 2019; Li
et al., 2019). Land change models describe, project, and explain changes in land use and land-
cover dynamics. LCMs are a means of understanding ways that humans changed the Earth’s
surface in the past, present, and future. Finally in the final step of the research, based on land
use changes in this period, the trend of these changes until 2025 was estimated using the CA-
Markov model (Chotchaiwong & Wijitkosum, 2019; Aliani et al., 2019). The Markov chain
method and its integration with automated cells have been used to predict land use change until
2025. The Markov chain method consists of ground cover images and output of the transfer
probability matrix and a set of conditional probability images. This model is a suitable tool
for modeling land use change and land cover and is used when changes in landscapes cannot
be easily described. A Markov chain is a set of random values whose probability depends on
the value of numbers in the past tense in a given time interval. The first step in performing this
model is to calculate the probability coefficient of change in land use using the Markov chain
method.

One of the most important post-processing issues in drawing land use maps and analyzing
their changes from satellite images is accuracy evaluation. For this purpose, two methods,
“comparison with Google Earth images” and “using kappa coefficient,” have been used. In the
first method, samples (constructed lands, agricultural lands green space, and other uses) were
first made on the Google Aras image of the area, which has a resolution of 0.5 meters. Then,
to evaluate the accuracy, the results were transferred to Idrisi software and the accuracy of the
obtained applications for the performed analyses was equal to 97.08%. Therefore, land use
maps must be valid for processing. In the second method, the kappa coefficient of each period
was calculated for the model using the cross-tab function, which is equal to 0.963 for the first
period (1990-2000) and 0.971 for the second period (2000-2010), for the third period (2010-
2020) was equal to 0.957 and the kappa coefficient for the whole period studied (1990-2020)



43 Pollution 2025, 11(1): 39-50

Table 2. The rate of land use change between 1990 and 2020 per hectare

Agricultural lands

first round Constructed lands Other applications Sum (1990)
and green space

Constructed lands 2089.08 0 0 2089.08

Agricultural lands 460.44 5275.44 209.61 5945.49

and green space

Other applications 366.75 20.25 1378.08 1765.08

Sum (2000) 2916.27 5295.69 1587.69 9799.65

second round Constructed lands Agricultural lands Other applications Sum (2000)
and green space

Constructed lands 2916.27 0 0 2916.27

Agricultural lands 74.97 5157.45 63.27 5295.69

and green space

Other applications 342.72 94.23 1150.74 1587.69

Sum (2010) 3333.96 5251.68 1214.01 9799.65

Third round Constructed lands Agricultural lands Other applications Sum (2010)
and green space

Constructed lands 3333.96 0 0 3333.96

Agricultural lands 47.97 5108.67 95.04 5251.68

and green space

Other applications 135.27 17.19 1061.55 1214.01

Sum (2020) 3517.2 5125.86 1156.59 9799.65

was equal to 0.960. Since the kappa coefficient has been higher than 0.8 in all periods, it can be
acknowledged that the image processing in this section has very high accuracy (Table 2).

RESULTS AND DISCUSSION

The physical development of Qazvin city in 30 years from 1990 to 2020 was analyzed in
satellite images using remote sensing (Figure 3). The findings of ARTMAP fuzzy model showed
that the total land area for the years 1990, 2000, 2010, and 2020 is equal to 2089.08, 2916.27,
3333.96, and 3517.20 hectares, respectively. The total area of agricultural land, green space,
and constructed lands, separately were presented in Table 3, Figures 3, and 4. Thus, the city of
Qazvin has grown in 30 years, 1428.12 hectares (equivalent to 68%). Meanwhile, the area of
agricultural lands and green space in the region has increased from 599.49 hectares in 1990 to
5125.86 hectares in 2020. Accordingly, in the period under study, 819.63 hectares of agricultural
lands and urban green space have been destroyed. Also, the area of other uses decreased from
1765.08 hectares to 1156.59 hectares, which indicates a decrease of 34%. During this period,
both the body of the city experienced the highest development with a 39% increase, and the
agricultural lands and green space decreased by 11%. It should be noted that the total area of the
region is equal to 9799.65 hectares (Table 3). In the first period (1990 to 2000) the area of the
city with a very high growth reached from 2089.08 to 2916.27 hectares. In this process, 460.44
hectares of agricultural land and green space and 366.75 hectares of other land uses have been
constructed (Figure 5). Also, 209.61 hectares of agricultural land and green space have been
converted to other uses in this period. In a 10-year process in Qazvin, 670.05 hectares, which is
equivalent to 11.27 percent of the total area of agricultural lands and green space in the region,
has been lost, which indicates an urban catastrophe in the field of urban land management.
This period followed the formation of industrial towns in the northern and northwestern parts
of the city. In the second and third periods, the growth rate of the city slowed down, but the
destruction of high-quality land and its conversion into construction continued. In the second
period (2000 to 2010) 74.97 hectares and in the third period (2010 to 2020) 47.97 hectares of
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Fig. 3. Land use map for 1990 and 2000

Table 3. Calculation of kappa coefficient with cross tab function for the studied periods
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Fig. 4. Land use map for 2010 and 2020
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Fig. 5. The trend of land use change between 1990 and 2020

agricultural lands and green space have been converted to constructed land use. In general, the
results of the LCM model showed that in Qazvin in 30 years, 735.66 hectares of agricultural
lands and green space have been converted to construction use and 158.76 hectares to other
uses. Therefore, the physical growth of the city has had the greatest impact on the destruction
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of quality land in the region. This destruction is mostly located in the central and northwestern
parts of the city. To show these changes more clearly and due to the importance of the issue, in
the picture below, only the changes in agricultural lands and green space to other uses of the
studied area are drawn (Figure 6).

As shown in Table 4, the results of this method show the constructed land use with C,,
agricultural land and green space with C,, and other uses with C,. Based on this, the probability
of changing the green space to the constructed land is 1.88% and the probability of changing it
to other land uses is estimated at 1.12%. However, the probability of changing the constructed
lands to other land uses is zero. Because during the period 1990 to 2020, the constructed lands

Fig. 6. Changes of agricultural lands and green space to other uses

Table 4. MARKOV results for the possibility of changing land uses by 2025
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had an increasing trend. After calculating the probability matrix with the Markov method, it is
possible to estimate the land use changes for 2025 by placing the 2020 map as the base map
for the CA-Markov model (Figure 7). The results of the CA-Markov model showed that if we
assume that all conditions change by 2025 as in the past, the constructed lands will increase
by 248.4 hectares to 3765.6 hectares. Of this amount, 96.3 hectares of green space and 152.1
hectares of other land uses will be destroyed and converted into urban lands. Also, the total
area of agricultural land and green space will decrease by 132.2 hectares to 4992.66 hectares.
Therefore, controlling the physical growth of the city and then managing its future development
IS an important way to prevent this problem. Therefore, while maintaining the quality of the
region, future development will be sustainable. As shown in Table 5, at the level of 0.000 and
degree of freedom 4, the kappa coefficient is 0.9501, which indicates the excellent accuracy of
the model in estimating changes until 2025.

In this research, for the first time, land use changes in Qazvin until 2025 have been predicted.
Land use changes to residential, commercial, and industrial can lead to different environmental
pollution. Interference and change in local biochemical cycles, changes in ecosystem processes,
and climate change are examples of these destructive effects (Parsipour et al., 2019, Xiao & Xie,
2021). The conversion of green spaces into constructed areas causes the loss of biodiversity,
the increase of the urban heat island effect, the reduction of air quality, the reduction of oxygen

Fig. 7. The result of the CA-MARCOV model forecast for 2025
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Table 5. CA matrix output in IDRISI software (pixel unit; size 30 meters)

concentration, and the increase of surface runoff. In addition, the relocation of commercial and
residential activities to rural areas around the metropolitan areas has led to widespread damage
to agricultural land in many countries (Belal & Moghanm, 2011; Hegazy & Kaloop; 2015;
Wang et al., 2022). Acheampong et al, (2018), Schaefer, and Thinh et al., (2019), and Asabere
et al., (2020) have found that the use of new models of spatial analysis in remote sensing and
GIS provides a suitable tool for identifying, analyzing, and monitoring the spatial changes of
the city. Huang et al., (2019) have found that the physical growth of the city has an effective role
in the destruction of agricultural lands and urban green space.

CONCLUSION

There is an urgent need to use modern remote sensing technology and satellite-based
systems for urban planning. Urban planning should be based on the sustainability and
control and mitigation of pollutant emissions. The results of this study indicate a continuous
decreasing trend of agricultural lands and green space in the region in these 30 years. The
area of these lands has decreased from 5945.49 hectares in 1990 to 5125.86 hectares in 2020.
If this trend continues until 2025, another 69 hectares will be destroyed. The physical growth
of the city is the most important factor in the destruction of agricultural lands and green space
in the region. Therefore, it is necessary to plan the development of the city based on green
infrastructure and at the same time with the development of green space and preservation of
agricultural lands.

GRANT SUPPORT DETAILS
The present research did not receive any financial support.
CONFLICT OF INTEREST

The authors declare that there is not any conflict of interests regarding the publication of this
manuscript. In addition, the ethical issues, including plagiarism, informed consent, misconduct,
data fabrication and/ or falsification, double publication and/or submission, and redundancy has
been completely observed by the authors.



49 Pollution 2025, 11(1): 39-50

LIFE SCIENCE REPORTING

No life science threat was practiced in this research.
ACKNOWLEDGEMENTS

Special thanks to Ghazvin minicipality

REFERENCES

Abd EL-kawy, O. R., Ismail, H. A., Yehia, H. M., & Allam, M. A. (2019). Temporal detection and
prediction of agricultural land consumption by urbanization using remote sensing. Egypt. J. Remote.
Sens. Space Sci., 22; 237-246.

Abdu, H. A. (2019). Classification accuracy and trend assessments of land cover-land use changes from
principal components of land satellite images. Int. J. Remote Sens., 40; 1275-1300.

Abousaeidi, M., & Hakimian, P. (2020). Developing a checklist for assessing urban design qualities of
residential complexes in new peripheral parts of Iranian cities: A case study of Kerman, Iran. Sustain.
Cities Soc., 60; 102251.

Acheampong, M., Yu, Q., Enomah, L. D., Anchang, J. & Eduful, M. (2018). Land use/cover change in
Ghana’s oil city: Assessing the impact of neoliberal economic policies and implications for sustainable
development goal number one-A remote sensing and GIS approach. Land Use Policy, 73; 373-384.

Aliabad, F. A., Shojaei, S., Zare, M. & Ekhtesasi, M. R. (2019). Assessment of the fuzzy art map neural
network method performance in geological mapping using satellite images and Boolean logic. Int J
Environ Sci Technol (Tehran), 16; 3829-3838.

Aliani, H., Malmir, M., Sourodi, M. & Kafaky, S. B. (2019). Change detection and prediction of urban
land use changes by CA-Markov model (case study: Talesh County). Environ. Earth Sci., 78; 546.

Anitha, K., Naresh, K. & Devi, D. R. (2020). A framework to reduce category proliferation in fuzzy
ARTMAPclassifiersadopted forimageretrieval using differential evolutionalgorithm. Multimed. Tools
Appl., 79 (5); 4217-4238.

Ansari, A. & Golabi, M. H. (2019). Prediction of spatial land use changes based on LCM in a GIS
environment for Desert Wetlands—A case study: Meighan Wetland, Iran. Int. Soil Water Conserv.
Res., 7; 64-70.

Asabere, S. B., Acheampong, R. A., Ashiagbor, G., Beckers, S. C., Keck, M., Erasmi, S. & Sauer, D.
(2020). Urbanization, land use transformation and spatio-environmental impacts: Analyses of trends
and implications in major metropolitan regions of Ghana. Land Use Policy, 96; 104707.

Belal, A. A. & Moghanm, F. S. (2011). Detecting urban growth using remote sensing and GIS techniques
in Al Gharbiya governorate, Egypt. Egypt. J. Remote. Sens. Space Sci., 14; 73-79.

Chotchaiwong, P. & Wijitkosum, S. (2019). Predicting urban expansion and urban land use changes
in Nakhon Ratchasima City using a CA-Markov Model under two different scenarios. Land Use
Policy, 8; 140.

Ehsani, A. H. & Shakeryari, M. (2019). Determining the optimal method for classification and mapping
of land use/land cover through comparison of artificial neural network and support vector machine
algorithms using satellite data (Case study: International Hamoun wetland). J. Env. Sci. Tech., 20
(4); 193-208.

Dharani, M. & Sreenivasulu, G. (2021). Land use and land cover change detection by using
principal component analysis and morphological operations in remote sensing applications.
Int. J. Comput. Appl., 43 (5); 462-471.

Dutta, I. & Das, A. (2019). Modeling dynamics of peri-urban interface based on principal component
analysis (PCA) and cluster analysis (CA): A study of English Bazar Urban Agglomeration, West
Bengal. Model. Earth Syst. Environ., 5; 613-626.

Hegazy, 1. R. & Kaloop, M. R. (2015). Monitoring urban growth and land use change detection with
GIS and remote sensing techniques in Dagahlia governorate Egypt. Int. J. Sustain. Built Environ., 4;
117-124.

Huang, Z., D.u., X. & Castillo, C. S. Z., (2019). How does urbanization affect farmland protection?
Evidence from China. Resour. Conserv. Recycl ., 145; 139-147.



50 Sadeghi et al.

Ilyassova. A., Kantakumar, L. N. & Boyd, D. (2021). Urban growth analysis and simulations using
cellular automata and geo-informatics: comparison between Almaty and Astana in Kazakhstan.
Geocarto Int ., 36 (5); 520-539.

Knobel, P., Hwang, I., Castro, E., Sheffield, P., Holaday, L., Shi, L., Amini, H., Schwartz, J. & Sade,
M.Y. (2023). Socioeconomic and racial disparities in source-apportioned PM2. 5 levels across urban
areas in the contiguous US, 2010. Atmos. Environ., (303); 119753.

Kumar, A., Pramanik, M., Chaudhary, S., & Negi, M. S. (2020). Land evaluation for sustainable
development of Himalayan agriculture using RS-GIS in conjunction with analytic hierarchy process
and frequency ratio. J. Saudi Soc. Agric. Sci., 20; 1-17.

Li, D, Ly, D., Li, N., Wu, M. & Shao, X. (2019). Quantifying annual land-cover change and vegetation
greenness variation in a coastal ecosystem using dense time-series Landsat data. Glsci Remote
Sens ., 56; 769-793.

Mansour, S., Al-Belushi, M., & Al-Awadhi, T. (2020). Monitoring land use and land cover changes in the
mountainous cities of Oman using GIS and CA-Markov modeling techniques. Land Use Policy, 91;
104414.

Marzouk, M. & Othman, A. (2020). Planning utility infrastructure requirements for smart cities using
the integration between BIM and GIS. Sustain. Cities Soc., 57; 102120.

Parsipour, H., Popovi¢, S. G., Behzadfar, M., Skataric, G. & Spalevic, V. (2019). Cities expansion and
land use changes of agricultural and garden lands in peri-urban villages (case study: bojnurd). Agric.
For., 65; 173-187.

Saaty, T. L. (1980). The analytic hierarchy process: planning, priority setting, resource allocation.
McGraw-Hill International Book Co, New York.

Schaefer, M. & Thinh, N. X. (2019). Evaluation of land cover change and agricultural protection sites: a
GIS and remote sensing approach for Ho Chi Minh City, Vietnam. Heliyon, 5; e01773.

Skog, K. L. & Steinnes, M. (2016). How do centrality, population growth and urban sprawl impact
farmland conversion in Norway? Land use policy, 59; 185-196.

Stephone, N., Beaumont, B., Hallot, E., Wolff, E., Poelmans, L. & Baltus, C. (2016). Sustainable and
smart city planning using spatial data in Wallonia. ISPRS Annals of Photogrammetry, Remote Sensing
and Spatial Information Sciences, 1st International Conference on Smart Data and Smart Cities,
30th UDMS, 7-9 September 2016, Split, Croatia. 3-10

Wang, Q., Kang, Q., Zhao, B., Li, H., Lu, H., Liu, J., & Yan, C. (2022). Effect of land-use and land-
cover change on mangrove soil carbon fraction and metal pollution risk in Zhangjiang Estuary,
China. Science of The Total Environment, 807; 150973.

Xiao, X. & Xie, C. (2021). Rational planning and urban governance based on smart cities and big
data Environ. Technol. Innov., 21; 101381.

Yousefi, S., Avand, M., Yariyan, P., Gojani, H. J., Romulus, C., Tavangar, S., & Tiefenbacher, J. P.
(2021). Identification of the most suitable afforestation sites by Juniperus excels specie using machine
learning models: Firuzkuh semi-arid region, Iran. Ecol. Inform., 65; 101427.

Zhang, X., Qi, Y., Li, H., Wang, X., & Yin, Q. (2024). Assessing the response of non-point source
nitrogen pollution to land use change based on SWAT model. Ecol. Indic., 158; 111391.

Zhang, Z., Hu, B., Jiang, W., & Qiu, H. (2021). Identification and scenario prediction of degree of
wetland damage in Guangxi based on the CA-Markov model. Ecol. Indic., 127; 107764.



	Spatial Modeling of Land Use Changes in Qazvin City until 2025  
	ABSTRACT
	Keywords
	INTRODUCTION
	MATERIALS AND METHODS 
	RESULTS AND DISCUSSION 
	CONCLUSION 
	GRANT SUPPORT DETAILS 
	CONFLICT OF INTEREST 
	LIFE SCIENCE REPORTING 
	ACKNOWLEDGEMENTS 
	REFERENCES


