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Abstract: 

Recently, the interaction between humans and their environment is the one of important challenges in the world. Land-

use/cover change (LUCC) is a complex process that includes actors and factors at different social and spatial levels. The 

complexity and dynamics of urban systems make the applicable practice of urban modeling very difficult. With the 

increased computational power and the greater availability of spatial data, micro-simulation such as the agent based and 

cellular automata simulation methods, has been developed by geographers, planners, and scholars, and it has shown great 

potential for representing and simulating the complexity of the dynamic processes involved in urban growth and land use 

change. 

This paper presents Fuzzy Cellular Automata in Geospatial Information System and remote Sensing to simulated and 

predicted urban expansion pattern. These FCA-based dynamic spatial urban models provide an improved ability to forecast 

and assess future urban growth and to create planning scenarios, allowing us to explore the potential impacts of simulations 

that correspond to urban planning and management policies. A fuzzy inference guided cellular automata approach. 

Semantic or linguistic knowledge on Land use change is expressed as fuzzy rules, based on which fuzzy inference is 

applied to determine the urban development potential for each pixel.  

The model integrates an ABM (agent-based model) and FCA (Fuzzy Cellular Automata) to investigate a complex decision-

making process and future urban dynamic processes. Based on this model rapid development and green land protection 

under the influences of the behaviors and decision modes of regional authority agents, real estate developer agents, resident 

agents and non- resident agents and their interactions have been applied to predict the future development patterns of the 

Erbil metropolitan region. 
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1. Introduction: 

 Understanding urban land use change is a crucial prerequisite for effective urban planning. This holds for growing 

and expanding cities, a well-studied process. Cities play a crucial role in our lives, providing habitats for over half of 

the world’s population [2, 3]. However, understanding such systems is extremely complex as they are composed of 

many parts, with many dynamically changing parameters and large numbers of discrete actors interacting within space. 

Understanding the urban growth process is very important in the urban planning, urban management, and 

policymaking process [5,7,10]. Through a better understanding of the mechanism of urban development process, the 

urban planner and manager could be able to reduce the risk of making wrong or bad decisions and enhance the 

effectiveness of new plans. Researches set up many models and invent many assistant tools to get a better 

understanding of the urban expansion phenomena. With the help of models, which are the simplified or abstracted 

representation of the real city, researchers and urban planners are trying to study the urban development process 

thoroughly [2,8,11]  

The aim of the project in which the presented modeling study is embedded is to develop management strategies for 

the shrinking town Erbil to become more model-efficient. In this research, new CA model will be developed and 

implemented to study the urban growth and urban form changing process in Erbil city, Kurdistan region, IRQ. The 

approach is applied to model the growth of the city over a period of 40 years from 1980 to 2020.Master plans will be 

translated into the model structure to regulate the model developing as it was in the real world guiding the urban 

development. After implementation of the CA – ABM model, it will generate some urban form scenarios and thus 

being assessed to check its usability of being used as an assistant tool for urban planning.   

Since Erbil city's development varied very much in four periods, from the start of 1980s to the start of 1990s and from 

the start of 2000s to the end of 2012s, in spatial pattern and temporal aspect, to present the two different periods of 

development, the CA - ABM model will use different parameter setting for the two periods. 

2.  Study area  

Erbil City is located in the north of Iraq. Erbil Province borders Turkey to the north and Iran to the east. Erbil composes 

with both Dahuk and Sulaymaniyah, the area run by the Kurdistan Regional Government (KRG). The City of Erbil is the 

capital of both Erbil Province and the KRG (OCHA and UNAMI, 2009). Mountains predominates the landscape towards 

the north east of the province; the relief in the southern part is rather plain, whilst the middle section is more undulated. 

Erbil City located 316 km north of Bagdad and 80 km west of Mosul, and has road networks to Mosul to the west, Tikrit 

and Baghdad to the south-east, and the frontier of Iran to the north-west. Urban life at Erbil City can be dated back to at 

least 6000 B.C. and it is one of the oldest continuously inhabited cities in the world. Erbil City was a major trading center 

on the route between Baghdad and Mosul, a vital role that it still plays today with significant road networks to the outside 

world. The chosen study area is bounded by the coordinate from 405662.457926 m to 414992.977578 m easting and from 

3999003.137635 m to 4009674.249192 m northing, in zone 38N according to UTM cartographic coordinate system (Fig. 

1). The population density of Erbil municipality and Erbil District is 135.5 (persons/krn'') and 472.9 (persons/krrr') 
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respectively. Population growth in urban areas has a direct influence on the use of land, transportation, education, 

recreational, and places enormous need for housing and infrastructure (Bhaskaran et al., 2010).  

3. Data / software used 
 
The following data and software were used in the framework of this study: 
 
3.1 Satellite data 
 
LANDSAT Enhanced Thematic Mapper (ETM) data in digital format were preferred over other satellite data due to the 

availability of three near- to mid-infrared bands, extremely useful for terrain and lineaments analyses. Furthermore, as 

LANDSAT ETM provides eight co-registered spectral channels (one panchromatic with 15 m spatial resolution, six bands 

ranging from visible to mid-infrared with 30 m spatial resolution, and one thermal band with 60 m spatial resolution), this 

permitted a large spectrum of band combinations, useful in visual interpretation of different features. In view of the LULCC 

of the study, LANDSAT ETM data were selected as acquired in the different years, to evidential features (vegetation, soil 

changes) related to the occurrence of environmental changes by too much vegetation. Six LANDSAT scenes fully covered 

the study area, but another four were also available, acquired in different months and/or years. The LANDSAT data used 

in the study are listed in below table.   

Table 1: Erbil's LANDSAT data  

Path Row Date of acquisition 

168 36 20/06/1984 

168 36 15/06/1990 

168 36 10/06/2000 

168 36 25/06/2010 

 

Erbil's Available Data and Pre-processing  
The list of available data includes:  

 Urban Land Cover for 1990, 2000 and 2010 
 Land Cover Map (LCM) classification for 1990, 2000 and 2010 
 Classified Road Network for 1990, 2000 and 2010 
 DEM  

 
3.2 Software 
The following software we will use:  
For geo – referencing and general image processing we must work with ENVI 4.8. We work with ERDAS 10 for visual 

analysis and interpretation IDRISI for operating CA Modeling and ArcGIS 9.3 for GIS data acquisition, analysis and 

presentation.   
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4. Methods and Materials: 

Prediction of Urban Growth and Land Use Change using CA Transition Rule 
A suitability map was used to estimate the annual demand of land for urban development depending on the historical 

growth of Erbil city. The evolution of a cell was determined by the suitability value and the number of cell that were 

developed. The cells were then calculated to establish how many cells had attained a particular state of a time transition 

rule [1,4,9]. Cell are allocated to a particular state by selecting them from the set of available (the cells which can undergo 

transition) cells that are spread over the city [29].  
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ji ,
 = the suitability score for the cell at row i and column j for urban development. 

 
In the above equation, the function f is formulated using IF, THEN and ELSE statements as shown in Equation 1. The 

repeated application of this rule produced a complex spatial pattern. 

 

IF (S t

ji ,
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ji, ≥ threshold value);                      (2) 

Then  ut ji 1

,

+
= urban; 

Else  ut ji 1

,

+
= non-urban. 

 
The knowledge base is represented as linguistic “IF…THEN” rules, connecting hypotheses to conclusions through a 

certainty factor. The most frequently used inference engines are classified into the stages of aggregation, implication and 

accumulation. Aggregation returns the fulfillment of the hypothesis for every rule individually [29].  Implication combines 

aggregation’s result to the rule’s certainty factor (CF) resulting to the degree of fulfillment for each rule’s conclusion. 

Finally accumulation corresponds to compromising different individual conclusions into a final result. Fuzzy logic with CA could design a useful framework for modeling and simulate the urban growth dynamics [11,20,6].  Fuzzy Cellular Automata Urban Growth Model (FCAUGM) is generally capable of simulating and predicting the complexities of urban growth. Trends and characteristics of an urban environment was shown in perfect style by this method because, one of the novelties of this model is the design and development of a set of transition rules based on fuzzy set theory rather than probability theory [1,29,8,10].  
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To simulating Erbil urban Growth Model (EUGM) in this mode we could replicate realistically the spatial dynamics and processes of urban growth, several transition rules were developed. These are classified in four stages: a) by identifying spatially-based factors, b) by creating “driving forces” for urban growth, c) by identifying and using Erbil's transportation Network shape and d) by creating optimum scale factor for Erbil's Developed Pixels (EDP). 
In Erbil's FCAUGM by using Fuzzy Logic, urban variables that consist of partially factors overlapping qualitative fuzzy 

sets. Each fuzzy set is described by a linguistic variable familiar to its quality while quantitative (numerical) information 

is appointed to the proper fuzzy sets by the correspondent membership function.  

FCAUGM model gives the evaluation closer to the complex reality of Erbil's expansion patterns. Assignment of the 

weights to the different indicators can be taken into consideration in an environmental impact using fuzzy logic, in order 

to obtain a significant homogeneity and objectivity. Direct employment of fuzzy logic lies in the way knowledge is 

captured, i.e. by employing man-made rules. The construction of a manual, expertly guided rule-base is a complex task 

due to the presence of a high number of inter-dependent variables. 

Table 2: The factors and scores effect of the transition rule 

Suitability factors 

High Suitable 4 
Suitable 3 
Moderate Suitable 2 
Less Suitable 1 
Unsuitable 0 

Land use Factors 
Urban land 4 
Exclusive land 0 
Non – urban Land 1 
Green areas 0 
Other land use 0 
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5. Conclusions: 

Effective and efficient planning of an urban environment requires information about growth trends and patterns amongst 

other important information. Many urban growth models have been developed over the years and have been used in the 

developed countries for forecasting growth patterns. In the developing country however, there have very few studies 

showing the application of these models and how they perform differently. Erbil City is located in the north of Iraq. Erbil 

Province borders Turkey to the north and Iran to the east. Erbil composes with both DUHOK and SULYMANIEH, the 

area run by the Kurdistan Regional Government (KRG). According to the plan of Erbil, parameters such as distance from 

transport networks, distance from residential areas, distance from the green spaces, urban density, and elevation used to 

urban growth simulation in FCA model.  

Some of its characteristics (fixed driving factors, neighborhood filter rules, etc.) may complicate its application and lower 
the quality of reconstructions. The best results were achieved when moderate changes were considered. The quality of 
reconstructions was poorest when periods or classes with exceptionally high or low variability of land-use were considered. 
The application of historical and archeological data for calibration and validation of reconstructions is desirable if realistic 
reconstructions of the development of the cultural landscape are expected. Based on following suggestions we could design 
best model to simulate Erbil city.  

1. In this method the problem was about low resolution (30m) property of Landsat images which makes the classification 
difficult. Moreover beside the properties of the Landsat image the study area which includes many heterogeneous 
areas make the classification with Landsat images difficult. Erbil city's development varied very much in two periods, 
from the start of 1980s to the start of 1990s and especially from the start of 2000s to the end of 2012s (social - 
economical parameters are very important), in spatial pattern and temporal aspect, to present the two different periods 
of development, the CA - ABM model will be useful rather than CA model because, agents have strong effected on 
Erbil's urban model.   

2. Transportation network in Erbil has circle form. CA model couldn't completely simulate the rules of transportation 
network, because; as I said before after 2000s Erbil has shown rapid expansion based on agents.   

3. In this method the problem was about low resolution (30m) property of Landsat images which makes the classification 
difficult. Moreover beside the properties of the Landsat image the study area which includes many heterogeneous 
areas make the classification with Landsat images difficult. 

4. A few policy scenarios for baseline development, rapid development and green land protection under the influences 
of the behaviors and decision modes of regional authority agents, real estate developer agents, resident agents and 
future agents and their interactions must be  apply to predict the future development patterns of the Erbil metropolitan 
region. 
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