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By employing urban growth and development modeling, it is feasible
to delineate a developmental trajectory that aligns with the specific
circumstances of a city, considering environmental factors, natural
elements, and population dynamics. The aim of this research is to
propose an urban development model for Shushtar, which can serve as
a valuable tool for analyzing the intricate processes of urban
transformations. To accomplish this objective, two datasets were
utilized: urban land use maps (including educational spaces, healthcare
facilities, residential areas, etc.) and Landsat satellite imagery for key
land uses such as rivers, barren lands, and forests, spanning three time
periods: 1991, 2004, and 2014. These datasets were processed using
GIS and MATLAB software. Existing urban land use maps were
digitized and subsequently updated using Landsat satellite imagery.
Subsequently, influential parameters in urban development were
introduced as inputs to the Adaptive Neuro-Fuzzy Inference System
(ANFIS) algorithm. After training the model for the years 1991 and
2004, the predicted results of urban development using the algorithm
were compared with the actual situation in 2014, demonstrating a high
accuracy of 93.7%. The land use change map, resulting from the
change detection process, can be generated based on multi-temporal
remote sensing images and their integration with urban land use maps,
enabling an analysis of the associated consequences. The use of
intelligent algorithms in this research has facilitated modeling with a
high level of accuracy. The obtained results are deemed acceptable,
and this development has also been predicted for the upcoming years.
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Introduction

Urbanization, characterized by extensive human intervention in the natural environment, has
posed significant threats to the quality of life for urban dwellers. Unplanned urban sprawl,
rapid population growth, economic development, and rural-to-urban migration have
exacerbated issues such as air, water, and soil pollution, depletion of natural resources, and
the frequency of natural and social disasters, thereby reducing the quality of life for both
urban and rural communities. Shushter, a global city with a rich cultural heritage and a unique
geographical location, is intersected by the Karun River, which divides into the Shatit and
Gargar branches, creating an island-like setting for the city. Given its riparian location, the
primary objective of this research is to develop a sustainable urban development model for
Shushter. This model aims to preserve the city's ancient cultural and natural heritage while
simultaneously enhancing the quality of life for its citizens. The proposed model can serve
as a valuable tool for decision-making related to urban development and natural resource
management, and for analyzing the complex processes of urban transformation.

Material and Methods

This research utilized a database of urban land use maps for educational, medical, residential,
and other facilities, as well as Landsat satellite imagery for major land uses such as rivers,
barren areas, and forests, across three time periods: 1991, 2004, and 2014. These datasets
were processed using GIS and MATLAB software. Existing urban land use maps were
digitized and updated using Landsat imagery. Subsequently, key parameters influencing
urban development were input into an Adaptive Neuro-Fuzzy Inference System (ANFIS)
algorithm. After training the model using data from 1991 and 2004, the predicted urban
development results were compared with the actual conditions in 2014 to evaluate the
model's performance. To create a map of urban development potential, one of the most
critical steps involved collecting data and building a spatial database of factors influencing
urban development. Landsat satellite imagery from 1991, 2004, and 2014 was used to
classify various land uses (rivers, urban areas, barren land, orchards, and forests). A 30-meter
resolution Digital Elevation Model (DEM) of Khuzestan province was used for elevation
and slope maps, while the Shushtar Comprehensive Plan was utilized to generate digital
layers for different urban land uses (residential, healthcare, industrial, and nearby villages).
Field observations using handheld GPS devices were employed to assess the accuracy of
Landsat image classification. Initially, maps of developed areas between 1991, 2004, and
2014 were created through the interpretation and classification of Landsat images.
Subsequently, five key factors influencing urban development, including elevation, slope,
distance to roads, distance to residential areas, and development constraints, were converted
into raster format for use in the ANFIS model. ArcGIS 10.2, ENVI 5.1, and MATLAB
software were used for data management and analysis. This research employs urban
development modeling using the Adaptive Neuro-Fuzzy Inference System.
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Results and Discussion

After data normalization, training and validation datasets were established. To evaluate the
model, statistical parameters such as Root Mean Square Error (RMSE) and coefficient of
determination (R?) were employed. The ANFISedit environment in MATLAB was used to
implement the model. Various methods and fuzzy membership functions were investigated
to achieve the best possible results. Membership functions used in this study include:
triangular, trapezoidal, Gaussian, generalized Gaussian, bell-shaped, difference of sigmoids,
product of sigmoids, and pi-shaped. The best modeling results for urban development in
Shushter were obtained using the Adaptive Neuro-Fuzzy Inference System with a simple
Gaussian membership function (gaussmf), which had the lowest RMSE value of 0.064 and
the highest Rz value of 0.943. To evaluate the model's performance in the study area, the
similarity between the model's output for 2014 and the actual values for the same year was
assessed. Out of 47,804 input data points, 3,006 data points were incorrect and did not match
the ground truth, indicating a model accuracy of 93.7% using the Adaptive Neuro-Fuzzy
Inference System.

Conclusion

Rule-based simulation models, such as the automatic network model (a specific type of
cellular automaton designed to simulate complex systems with spatial and temporal
interactions), are highly suitable for incorporating spatial interactions and leveraging
temporal dynamics. While automatic network models are effective for simulating spatial
patterns and understanding the spatio-temporal processes of urban growth, it is challenging
to incorporate sufficient socioeconomic variables into these models. The best results in
modeling urban development in Shushtar were achieved using an Adaptive Neuro-Fuzzy
Inference System (ANFIS) with a simple Gaussian membership function (gaussmf), which
yielded the lowest RMSE of 0.064 and the highest R2 of 0.943.
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