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Abstract

This study aims to quantitatively assess and model the spatiotemporal dynamics of land use/land cover
(LULC) changes in Shiraz city and its surrounding areas from 2002 to 2023, with the objective of predict
potential future changes up to 2043. To this end, LULC maps of the study area were initially generated using
Landsat satellite imagery and a neural network algorithm within the ENVI 5.3.1 software environment,
classifying the area into three categories: built-up areas, vegetation cover and barren lands. The overall
accuracy of the classification for the years 2002, 2013 and 2023 was obtained as 93.02%, 88.66% and
91.33%, respectively, and the Kappa coefficient for these years were calculated as 89.53%, 83%, and 87%,
respectively. In the next step, by applying the Markov model using the LULC maps of 2002 and 2013, a
Cramer’s V value of 0.85 was calculated. Subsequently, the LULC map for the year 2023 was simulated
using the CA-Markov model within the TerrSet 18.3.1 software environment. Subsequently, by comparing
the classified (actual) and simulated LULC maps for the year 2023, a standard Kappa index of 0.92 was
obtained. Finally, the predicted LULC map for the year 2043 was simulated using the CA-Markov model.
The results revealed that between 2002 and 2023, built-up areas experienced a significant increase of 39.27%
in spatial extent, but during the same period, vegetation cover and barren lands showed notable decrease of
39.41% and 20.03%, respectively, with much of these areas having been converted to built-up land.
moreover, the LULC maps of 2002, 2013 and 2023 indicated that the physical expansion of Shiraz city has
primarily occurred toward the west, south, and southeast, reflecting a pattern of unplanned and horizontal
urban growth between 2002 and 2023. According to the prediction results of this study, by 2043, the areas of
built-up areas and vegetation cover are expected to increase by 8.47% and 20.80%, respectively, compared to
2023. In contrast, the area of barren lands is projected to decrease by 16.58% with most of the lost area likely
to be converted into built-up areas. The predicted LULC map of the study area in 2043 also indicated that the
physical expansion of Shiraz city will continue in a horizontal and dispersed manner, a pattern that deviated
from the standard form of urban growth.
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Introduction

Land use/land cover (LULC) are two distinct terms. Land use refer to the human utilization of land, while
land cover represents the physical characteristics of surface feature. LULC are assessed in an integrated
manner, as they cannot be considered entirely separate from one another (Celik et al., 2019; Regmi et al.,
2014). LULC changes refer to modifications of the Earth’s surface driven by human activities (Roy et al.,
2015). In recent years, increasing attention has been devoted to monitoring LULC changes, as urban
environments and ecosystems are profoundly affected by human activities (Al Kafy et al., 2021). The
integration of the Markov Chain and Cellular Automata (CA) models offers a powerful framework for
predicting and projecting LULC changes (Aliani et al., 2019). The strength of the CA model lies in its ability
to simulate the spatial patterns of land units, while the Markov Chain model offers the advantage of
predicting temporal variations across different land use categories (Li et al., 2021). In this study, CA-Markov
model was used to simulate and predict the trend of land use and land cover changes in Shiraz city and its
surrounding lands. Overall, the objectives of this study include analyzing the trends of LULC changes in
Shiraz city and its surrounding areas from 2002 to 2023, simulating and predicting LULC changes for the
year 2043, identifying the directions of urban expansion in Shiraz, and proposing appropriate strategies to
achieve a more sustainable and desirable pattern of urban physical development.

Materials and Methods / Study Area

The study area is located between 52°24' and 52°40" east longitude and 29°29" and 29°47' north latitude.
Shiraz city, which lies within this area, is situated on an elongated plain approximately 120 km in length and
15 km in width, positioned about 919 km south of Iran’s capital, Tehran.

Methodology / Experimental Design

In this study, remote sensing data and spatial analysis of satellite imagery extracted from the study area were

examined through three main phases:

1. Landsat satellite images 2002, 2013 and 2023 were obtained from the United States Geology(USGS)
website, and the LULC classes of built-up areas, vegetation cover, and barren lands were extracted using
ENVI 5.3.1 and ArcMap 10.3 software;

2- The CA-Markov model was applied using LULC maps from 2002 and 2013, Cramer’s V was calculated,
and the 2023 LULC map was modeled in TerrSet 18.3.1 to assess the prediction accuracy.

3. Accuracy assessment and calculating of the standard Kappa index for the modeled 2023 map were carried
out in the TerrSet 18.3.1 software environment;

4. Modeling and prediction of LULC changes for the year 2043 using CA-Markov model in TerrSet 18.3.1
software environment.

Results and Discussion

The study classified LULC into built-up areas, vegetation cover, and barren lands with overall accuracies
above 88% across 2002, 2013, and 2023. CA-Markov model validation yielded a strong standard Kappa
index agreement (0.92) between predicted and observed 2023 maps, confirming its robustness for forecasting
2043 LULC. Results indicate a marked 27.39% increase in built-up areas from 2002 to 2023, mainly due to
conversion of barren lands, which declined by 20.03%. Vegetation cover sharply decreased by 43.35%
during 2002-2013 but showed a slight recovery (6.95%) by 2023. These trends reflect significant urban
expansion and land cover transformations over two decades. moreover, the LULC maps of 2002, 2013 and
2023 indicated that the physical expansion of Shiraz city has primarily occurred toward the west, south, and
southeast, reflecting a pattern of unplanned and horizontal urban growth between 2002 and 2023(see Figure
1).

Table 1 present the quantitative result, including statistics of the three LULC classes and their change
dynamics over the three time period.
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Figure 1. Classified LULC of study area in 2002, 2013, and 2023.
Table 1. Land use/Land cover statistics
Quantitative Distribution of LULC in 2002, 2013, and 2023
Land Use/Land Cover 2002 2013 2023
Types Area(ha) % Area(ha) % Area(ha) %
Built-up 12633.40 38.38  16265.61 49.42 17595.36 53.46
Vegetation Cover 4640.58 14.10 2628.75  7.98 2811.62 8.54
Barren Land 15640.36 4752  14019.97 42.60 12507.35 38
The rate of LULC changes between 2002 and 2023
Land Use/Land Cover 2002-2013 2013-2023 2002-2023
Types Area(ha) % Area(ha) % Area(ha) %
Built-up +3632.21 +28.75 +1329.75 +8.17 +4961.96 +39.27
Vegetation Cover -2011.83  -43.35  +182.87 +6.95 -1828.96 -39.41
Barren Land -1620.39  -10.36  -1512.62 -10.78 -3133.01  -20.03

Based on the projected LULC map for the year 2043, the built-up area is expected to reach 19,084.89
hectares, vegetation cover 3,396.31 hectares, and barren land 10,433.28 hectares. Figure 2 illustrates the
spatial distribution of LULC for 2043.
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The result of this study indicated that between 2023 and 2043, the built-up and vegetation cover areas are
projected to increase by 8.47% and 20.80%. respectively. In contrast, the area of barren land is expected to
decline by 16.58%. These projections reveal an overall trend of expansion in built-up and vegetation areas,
accompanied by a reduction in barren lands during the forecast period. The predicted LULC map of the
study area in 2043 also indicated that the physical expansion of Shiraz city will continue in a horizontal and
dispersed manner, a pattern that deviated from the standard form of urban growth.
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Multiples of Base Resolution (MBR): ® 1 Infarmatian of Gluantity
Infarmation of Location Naln] Medium[m] Perfect[p]
Perfect{P(x]] 06137 0.9834 1.0000
PerfectStratum{Kix)] 06137 0.9834 [1-0000
MediumGrid[t (x]] 0.5390 0.9574 [E]
MediumStraturn{H(x)] 0.2500 0.4827 04834
Ma[N(=I] 0.2500 04627 [0a3q
. Agreelardeell = 04947 . DisagreeQuantity =0.0166 Kstandard = 0.9208
. AgreeStrata = 0.0000 D DisagreeStrata = 0.0000 Kno = (.9433
D AgreeQuantity = 0.2127 D DisagresGrideel = 0.0260  Klocation = 0.9501
. AgreeChance = 0.2500 KlocationStrata = 0.9501
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