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This study, with the aim of analyzing and predicting the physical changes of Hajiabad city,
used the integration of the Neuro-Fuzzy Inference System (ANFIS) with the Autonomous Cell-
Markov (CA-Markov) model. The results of the evaluation of the ANFIS model, with a
correlation coefficient of 0.9678 and an overall accuracy of 23.91 in 2025, confirmed the high
efficiency of this intelligent approach in analyzing the nonlinear relationships between
environmental factors and urban development. The 20-year trend analysis (2005-2025) showed
that residential land increased by 9.4% from 3304.5 to 3617.7 hectares, while barren land
decreased by 435 hectares and medium pastures decreased by 230 hectares, experiencing the
greatest land use change. The model’s predictions for the 2055 horizon indicate a significant
jump in residential area to 4425.2 hectares, which means an increase of 22% compared to the
current situation and the swallowing of about 653 units of barren land and 344 hectares of
quality pastures in the region. The analysis of the drivers also revealed that “distance from
roads” with a coefficient of 0.93 and “distance from built-up area” with a coefficient of 0.92
are the main drivers of the city’s physical expansion in the coming decades. Finally, the
stability of 0.992 in the residential transition matrix indicates the definitive and irreversible
consolidation of natural lands into urban spaces, which doubles the necessity of smart land
management. The role of futures research in this paper is to transform dead satellite data into
a living roadmap for the management of Hajiabad city for the next 30 years to prevent
excessive development and ecological destruction.
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Extended Abstract

Introduction

This research, with the aim of analyzing and
predicting the physical changes of Hajiabad
city, used a combination of Adaptive Neuro-
Fuzzy Inference System (ANFIS) with the
autonomous cell-Markov (CA-Markov) model.
The results of the evaluation of the ANFIS
model, with a correlation coefficient of 0.9678
and an overall accuracy of 91.23 in 2025,
confirmed the high efficiency of this intelligent
approach in analyzing the nonlinear
relationships between environmental factors
and urban development. A 20-year trend
analysis (2005-2025) showed that residential
land grew by 9.4% from 3304.5 to 3617.7
hectares, while barren land decreased by 435
hectares and medium pastures decreased by 230
hectares, experiencing the greatest land use
change. Model predictions for the 2055 horizon
indicate a significant jump in residential area to
4,425.2 hectares, which means a 22% increase
compared to the current situation and the
swallowing of about 653 units of barren land
and 344 hectares of quality pastures in the
region. The analysis of the drivers also revealed
that "distance from roads" with a coefficient of
0.93 and "distance from built-up area” with a
coefficient of 0.92 are the main drivers of the
city's physical expansion in the coming decades.
Finally, the stability of 0.992 in the residential
transition matrix indicates the definitive and
irreversible consolidation of natural lands into
urban spaces, which doubles the necessity of
smart land management.

Methodology

In this study, in order to prepare a land use
change map, 1:25000 topographic maps of the
Mapping Organization and images of Landsat 5,
8 and 9 satellites related to the years 2005, 2015
and 2025 were used; the specifications, sensor,
row and pass of these images are given in Table
(1). ENVI, ArcGIS and IDRISI software were
used for processing, modelling, and simulation.
The SVM support vector machine method is
used to classify land uses, and the Markov-
autonomous cell model is used to calculate,
predict, and simulate changes in the years 2045
and 2055. The overall accuracy coefficients,
kappa coefficient, producer accuracy, and user
accuracy are usually used to check the accuracy

of the classification. The kappa coefficient,
producer accuracy, and user accuracy are used
to check the accuracy of classification. Overall
accuracy is the simplest and most basic
evaluation criterion. This criterion shows what
proportion of the total pixels are classified
correctly. In most cases, satellite images have
distortions, which are caused by the sphericity
of the Earth or sensor characteristics (Quintafio
et al,, 2012). Raw digital imagery typically
contains geometric distortions that prevent its
direct use as a map. To ensure spatial accuracy,
the images must be corrected so that their
features align with map coordinates (Rahnama
et al., 2022). In this study, these corrections
were carried out on an image-by-image basis
within the ENVI software environment for the
2005 imagery.

Results and discussion

In this study, land use maps for 2015 and 2025,
as well as Markov chain methods and cellular
automata (CA) models, were used to predict and
simulate the trend of land use changes for 2045
and 2055. The Markov chain method analyzes
land use zoning images and provides an output
in the form of a probability matrix of changes
and an output image of the probability matrix
for the horizon year. The Markov chain
generates a transition matrix, a transition region
matrix, and a set of conditional probability
images using qualitative analysis of two land
use images at two different times. Tables 5 and
6 show the forecast of land use change trends in
2045 and 2055 using Markov chains. The
transition matrix reflects the dynamics of land
change; the sustainability coefficient of 0.985
for residential use confirms the definite growth
and the failure of these lands to return to their
natural state, while the lower sustainability
coefficient of barren lands (0.882) explains the
main reason for its reduction in area by 435
units and its conversion into built spaces.
Moreover, the transfer of a portion of land with
a coefficient of 0.082 from average pasture to
poor pasture is the driving force behind the
changes that have led to the loss of high-quality
pastures and their replacement with degraded
pastures. Finally, the relative stability of 0.948
in the agricultural sector indicates that despite
the pressure of urban development, these lands
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have shown greater resistance to land use
change and have lost only a small portion of
their 2,629 units of land over these two decades.

Conclusion

The results show that the rapid development of
urbanization has challenged traditional analyses
and classical statistical models due to the
nonlinear and ambiguous nature  of
environmental data. In this regard, the use of the
Adaptive Neuro-Fuzzy Inference System
(ANFIS) as an intelligent tool has provided an
optimal solution for analyzing uncertainties by
combining the learning capabilities of neural
networks and fuzzy reasoning. The findings of
the present study, in line with global research,
confirm the high accuracy of this model in
zoning and predicting the physical expansion of
cities; therefore, the correlation coefficient of
0.9678 and the coefficient of explanation (R"2)
of above 0.83 in the validation stage, indicate
the unique ability of this model in extracting
complex relationships between development
driving factors (such as slope, distance from the
road, and access). A 20-year period analysis
within the city limits of Hajiabad shows strong

dynamics in land use changes: Residential
development: Residential land has increased
continuously from 3,304 hectares in 2005 to
3,617 hectares in 2025, indicating the addition
of more than 313 hectares to the physical fabric
of the city. Deterioration of wasteland and
natural lands: Wasteland has seen the highest
rate of transfer in favor of urban development,
with a decrease of about 435 units. Moreover,
the conversion of part of average pastures to
poor pastures indicates the degradation of land
quality and ecological pressures on the
environment surrounding the city.
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