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ABSTRACT:

Global urban population has increased from 22.9% in 1985 to 47% in 2010. In spite of the tendency for urbanization worldwide, only
about 2% of Earth's land surface is covered by cities. Urban population in Iran is increasing due to social and economic development.
The proportion of the population living in Iran urban areas has consistently increased from about 31% in 1956 to 68.4% in 2006.
Migration of the rural population to cities and population growth in cities have caused many problems, such as irregular growth of cities,
improper placement of infrastructure and urban services. Air and environmental pollution, resource degradation and insufficient
infrastructure, are the results of poor urban planning that have negative impact on the environment or livelihoods of people living in
cities. These issues are a consequence of improper land use planning.

Models have been employed to assist in our understanding of relations between land use and its subsequent effects. Different models for
urban growth modeling have been developed. Methods from computational intelligence have made great contributions in all speciﬁc
application domains and hybrid algorithms research as a part of them has become a big trend in computational intelligence. Artificial
Neural Network (ANN) has the capability to deal with imprecise data by training, while fuzzy logic can deal with the uncertainty of
human cognition. ANN learns from scratch by adjusting the interconnections between layers and Fuzzy Inference Systems (FIS) is a
popular computing framework based on the concept of fuzzy set theory, fuzzy logic, and fuzzy reasoning. Fuzzy logic has many
advantages such as flexibility and at the other sides, one of the biggest problems in fuzzy logic application is the location and shape and
of membership function for each fuzzy variable which is generally being solved by trial and error method. In contrast, numerical
computation and learning are the advantages of neural network, however, it is not easy to obtain the optimal structure. Since, in this type
of fuzzy logic, neural network has been used, therefore, by using a learning algorithm the parameters have been changed until reach the
optimal solution. Adaptive Neuro Fuzzy Inference System (ANFIS) computing due to ability to understand nonlinear structures is a
popular framework for solving complex problems. Fusion of ANN and FIS has attracted the growing interest of researchers in various
scientific and engineering areas due to the growing need of adaptive intelligent systems to solve the real world problems.
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In this research, an ANFIS method has been developed for modeling land use change and interpreting the relationship between the
drivers of urbanization. Our study area is the city of Sanandaj located in the west of Iran. Landsat images acquired in 2000 and 2006 have
been used for model development and calibration. The parameters used in this study include distance to major roads, distance to
residential regions, elevation, number of urban pixels in a 3 by 3 neighborhood and distance to green space. Percent Correct Match
(PCM) and Figure of Merit were used to assess model goodness of fit were 93.77% and 64.30%, respectively.

1. Introduction
Urban population in the world has been increased from 22.9% in

In recent decades, remote sensing data and Geospatial

1985 to 47% in 2010. Tendency to urbanization and rapid

Information System (GIS) have been widely applied for

population growth has resulted that above 2% of Earth's land

identification and analyses of land use change in metropolitan

surface covered by urban areas [1]. One of the results of this

area [15, 16, 17, 18, 19, 20, 21]. Remote sensing imageries data

urban population growth is large-scale urban expansion [2, 3].

have been used in urban growth modeling, urban morphology and

Rapid growth of urban areas has led to complex problems,

land uses [22, 23, 24], quantifying land use dynamics and urban

including reduced open space, trafﬁc problems, environmental

growth [25, 26, 27, 28]. Geospatial Information Systems (GIS)

pollution, the deterioration of old and unplanned or poorly

are widely used to represent, analyze, and display various spatial

planned land development [4]. One of the major problems in

data such as remote sensing, topography, soil type, rainfall and

intelligent management of cities is the lack of proper and

vegetation [29].

scientific development and as a result destruction of agricultural

satellite imageries with 28.5m and 30m spatial resolution

land, urban development in high slope and elevations,

acquired in 2000 and 2006 were used. These images were

environmental

increased

obtained from the United States Geological Survey (USGS)

infrastructure and utilities costs and the lack of optimum use of

portal. Data were projected to a World Geodetic System (WGS)

land have been encountered. Thus, monitoring of land use

1984, Universal Transverse Mercator (UTM) Zone 38N

changes is needed to understand and predict the dynamic process

coordinate system. Registration errors were about 0.50 pixels.

of land use patterns at different times. A vital component of the

The 2000 and 2006 Landsat imageries were classified according

research on land use/cover change is the analysis of rates

to Anderson level 1 with ENVI software. Maximum Likelihood

and patterns of land use change which is a powerful tool for

classification has been used to classify the imageries. Overall

urban planners, city and resource managers [5, 6, 7, 8]. Land use

accuracy and kappa coefficient of these imageries were 94.71%

change models as a tool are used to show where, when and how

and 92.68% for 2006, 92.57% and 89.17% for 2000, respectively.

changes could arise in the future in order to adapt current

Fig.1 shows the Landsat imageries. We have used 10% of 2000

public policy [9,10]. In the past decades, different models have

and 2006 imageries data for calibrating models and rest of the

been developed to exhibit and quantify land use changes [11, 12,

data have used to simulate the urban pattern at 2006. Datasets

13, 14], mainly in land-use change (LUC) models. In this paper

employed include five parameters include distance to roads,

we implement ANFIS algorithm as a new approach in

distance to green spaces, distance to residential areas, elevation

environmental modeling such as urban growth modeling. Percent

and number of urban pixels in a 3*3 neighborhood. Following

Correct Match (PCM) and Figure of Merit (FoM) have been used

[30], each value in an entire predictor variable map (e.g., distance

to evaluate urban growth modeling accuracy.

to green space) was normalized by dividing each value by the

deteriorate

and

natural

hazards,

In this study, two Landsat TM and ETM+

maximum value contained in the predictor variable map (Fig. 2).
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Figure 1 Sanandaj satellite imageries

2. Methods
ANFIS is a multi-layer adaptive network-based fuzzy inference
system proposed by [31]. Fuzzy inference system is a method which
the most important feature is its ability to apply human knowledge
and expertise causing this system to be very close to human
perception. In addition, it is a powerful tool for modeling

number of urban pixels in a

uncertainties associated with human cognition, thinking and

3*3 neighborhood

Distance to residential area

perception. This flexibility is one of its advantages. The most
important problem in fuzzy inference system is finding proper
membership function for each fuzzy variable. On the other side,
ANN has the ability to learn pattern and relationship between data
from educational data. Combining these two methods is the way to
learn human knowledge. Furthermore, it cover a number of

Distance to main roads

Elevation

shortcomings, such as the problem of finding the correct position and
shapes for membership functions in fuzzy inference system and lack
of flexibility in neural network. In other words, learning, use of
human knowledge and flexibility are ANFIS advantages which make
this method to be very suitable to solve some of complex systems. In

Distance to Green spaces

the other words, during the learning process, membership functions

Figure 2 The normalized input dataset

changes toward their optimal values.
In this study we implemented a grid partition ANFIS which

Inputs

Gaussian bell function is the membership function. Table 1

Dis2 green space

Gaussian bell

3

describes the membership functions (mf) in this study. MSE

Dis2 residential area

Gaussian bell

3

Dis2 main road

Gaussian bell

3

slope

Gaussian bell

2

number of urban pixels

Gaussian bell

2

were obtained 0.2085 in 100 epochs.

mf

Number of mf

in a 3*3 neighborhood
Table 1. Membership functions for each input
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Result and Discussion

The study area in this research is Sanandaj city, in the west of
Iran. In the past few decades, Sanandaj has shown remarkable

Figure of Merit 

b
abcd

(1)

urban growth. One of the reasons for the rapid population growth

where;

in this in this city is migration from neighboring cities and even

a=error due to observed change predicted as persistence

from neighboring provinces to the city because of the economic

b=correct due to observed change predicted as change

and social potential of this city. We evaluated our accuracy using

c=error due to observed change predicted as wrong gaining

FoM and PCM parameters. According to the definition of these

category

parameters, they are good parameters to show us modeling

d=error due to observed persistence predicted as change

accuracy.

Figure of Merit

PCM
Percent Correct Match (PCM) is a way to evaluate models of

Figure of Merit (Equation 1) is a method to evaluate resemblance
between actual and simulated map suggested first time by [32]. If
simulated map have a high goodness of fit to actual map, Figure

urban development. This method compares only the parameters
of the original diameter of the A and D in the confusion matrix
using Equation 2 (Table 2) [33].

of Merit will be high and vice versa.

PCM 

Model

A D
A B C  D

(2)

Reality
Change

Non Change

Total

Change

A

B

A+B

Non Change

C

D

C+D

A+C

B+D

A+B+C+D

Total

Table 2. Confusion matrix

After the model calibration using historical observed data (10%)

data) the urban pattern (year 2006) based on current urban growth

of the year 2000 and 2006, the model simulated (the rest of the

trends (Fig. 3).
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Figure 3 Simulated map compare with ground truth map for 2006

selection of proper number of membership function is a big

Conclusion

challenge in using ANFIS.
This study employed ANFIS algorithm in urban growth
modeling for Sanandaj city between 2000 and 2006 (Fig 5). PCM

The implemented algorithm, can be considered as a powerful

and FoM are obtained 93.77% and 64.30%, respectively.

method in environmental modeling such as urban expansion
pattern. This method employ ANN and fuzzy inference system

The rum time program in this algorithm directly depend on the
number of membership functions. On the other hand, greater

abilities to understand relation between inputs and output and
perceive complex pattern such as urban patterns.

number of membership function means better accuracy. Thus,
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