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Integrating decision analytical techniques in geographic information 

systems (GIS) can help remove the two primary obstacles in spatial decision 

making: inaccessibility to required geographic data and difficulties in synthesizing 

various criteria. I developed a GIS model to assist people seeking optimal 

residential locations. Fuzzy set theory was used to codify criteria for each factor 

used in evaluating residential locations, and weighted linear combination (WLC) 

was employed to simulate users’ preferences in decision making. Three 

examples were used to demonstrate the applications in the study area. The 

results from the examples were analyzed. The model and the ArcGIS Extension 

can be used in other geographic areas for residential location selection, or in 

other applications of spatial decision making. 
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CHAPTER 1 

INTRODUCTION 

1.1 The Significance of Multiple Criteria Analysis in Spatial Decision Making 

Spatial decision making (SDM) is a common and important event of our 

lives and critical for business (Gao et al. 2004). It is a daily activity for individuals 

and groups. People take into consideration the realities of spatial distribution 

when selecting a locale to live, locating a new shop or factory, choosing land 

development strategy, or allocating resources. Moloney et al. (1993) observed 

that about 90% of business information relates to geography and covers diverse 

domains, for example: geo-marketing, transportation planning, and resource 

management. Jankowski et al. (2001) pointed out that most individual spatial 

decisions are made ad hoc, without formal analysis. The decisions are usually 

based on heuristics and internalized preferences supported by mental maps and 

‘mental geocoding’ of information about decision options. Most individuals use 

this simple analytical approach in daily pursuits, such as selecting a place to 

shop or entertain. It seems as though people put a relatively small “decision 

equity” at stake. In everyday life, the costs of making a poor choice are relatively 

small in most cases. For example, one may pay a high price for low-quality 

commodities or have a boring night in a club because of a poor choice. However, 

when individuals or groups make important spatial decisions, such as selecting 
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residential or commercial location, the costs of making poor choices can result in 

much higher or unexpected economic loss. Therefore, people are more likely to 

use more sophisticated and comprehensive analytical approaches to implement 

such tasks involving multiple criteria analysis. The objective of spatial multi-

criteria analysis is to assist people to find the best alternative(s) from a number of 

feasible choice-alternatives.  Spatial multi-criteria analysis requires information 

on criterion values and the geographical locations of alternatives in addition to 

the decision maker’s preference with respect to a set of evaluation criteria 

(Jankowski 1995, Malczewski 1996, Jayanthi 2002). The results of analysis 

depend not only on the geographical distribution of attributes, but also on the 

value judgments involved in the decision making process. Studies indicate that 

inaccessibility to required geographic data and difficulties in synthesizing various 

criteria are primary obstacles to spatial problem solving (Ascough II et al. 2002).  

 

1.2 GIS and Spatial Decision Making 

Geographic information system (GIS) is devoted to collect, store, retrieve 

and analyze spatially referenced data, and is capable of performing the complex 

tasks of spatial decision-making (Salem and Jean 2003, Zeng and Zhou 2001). 

In recent decades, GIS has been widely used in many fields by public and private 

sectors. A large number of GIS databases, which cover various application fields, 

such as transportation, environment, land use, commerce, public services, and 

emergency management, have been established in many counties and cities in 
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the U.S. Most databases are open for public access. Meanwhile, the specified 

and professional criteria on evaluating geographic locations are being codified 

with mathematic functions and implemented in GIS. Therefore, the integration of 

GIS functions and decision analytical techniques is expected to reduce the time 

needed for decision making and improve the accuracy of the result.  

Numerous practical applications have shown that GIS is a powerful tool for 

solving siting problems. Charnpratheep et al. (1997) integrated fuzzy set theory 

and the analytic hierarchy process into a raster-based GIS for the preliminary 

screening of landfills in Thailand. They used fuzzy set functions to represent 

imprecise and human cognitive criteria, and priority weights to reflect preferences 

on screening criteria. The result agreed with recommendations from previous 

studies in the same area. Clark and Gaydos (1998) used a cellular automaton 

model based on GIS to predict the future extent of the San Francisco Bay region 

in California and the Washington/Baltimore corridor in the Eastern U.S. Long 

term predictions generated from the model were consistent with results from 

other models and observations of growth. Wyatt (1997) developed a GIS-based 

property evaluation database at an individual property level for the area of 

Horsham in the U.K, and demonstrated the use of GIS spatial analysis for 

mapping the spatial distribution of property values. Other applications of multi-

criteria analysis in GIS include: waste site selection (Zhou and Charnpratheep 

1996), urban studies (Carver 1991, Reitsma 1990, Sui 1992, 1998, Miller 1994, 
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Arentze et al. 1998), locating public facilities (Fortney 1996) and real estate 

(RealtiCorp, described by Trammell and Pratt 1998, Zeng and Zhou 2001).  

 

1.3 Objectives of This Research 

The objectives of this research are: (1) To develop a fuzzy modeling 

approach using GIS to assist people seeking optimal residential location in the 

City of Denton, Texas; and (2) To develop an extension for ArcGIS® integrated 

collection of software products for building a complete geographic information 

system (Environmental Systems Research Institute, Inc. (ESRI), 

http://www.esri.com) that can be used by other ArcGIS users for selecting 

residential locations and other applications. To find a satisfactory residential 

location using conventional ways, people need to gather field information and 

compare them with each other. It is often a stressful and time-consuming 

process, especially for new residents. The approach in this research uses GIS to 

evaluate specific criteria and map the potential optimum area based on the users’ 

individual preferences. With the resulting map, potential purchasers are able to 

narrow down the search area and look for desired properties in the target areas. 

The approach will save time and money for both purchasers and realtors, 

improving the efficiency of trading and property management. 

Since weighted linear combination (WLC) is one of the most often used 

decision models in GIS (Malczewski 1999 and 2000, Zeng and Zhou 2001, 

Hopkins 1977, Tomlin 1990, Carver 1991, Eastman 1995, Heywood et al. 1995), 
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a WLC extension for ArcGIS will be developed in this research using ArcObjects® 

platform independent software components (ESRI, http://www.esri.com) and 

Visual Basic® 6.0 development system (Microsoft Corporation, 

http://www.microsoft.com) to facilitate the spatial decision making process. 

Instead of using numeric weights, the graphical user interface (GUI) of the WLC 

extension will allow users to select data layers for each of the three weight 

categories, namely “Very Important,” “Moderately Important,” and “Slightly 

Important.” Numeric weights will be automatically calculated based on the user’s 

selection, and results displayed in ArcMap®  integrated map display, editing and 

production environment (ESRI, http://www.esri.com). 

  

1.4 Factors Used to Define “Good Geographic Locations” 

Although problems of optimal residential location selection are 

complicated and broad, they can be accounted for by two major factors: (1) price, 

comparison with the current property market, or within the affordable range of the 

purchaser; (2) preferred geographic location (Zeng and Zhou 2001). In this 

research, the optimal residential location is defined as the place in accord with 

the purchaser’s preferences and with market price within the affordable range of 

the purchaser. Studies indicate that “good geographic location” is the primary 

factor for most people when they buy a house (Goodall 1972, Zeng and Zhou 

2001, Wyatt 1997, Thrall 1998). Therefore, location will be the primary focus of 

this research.  
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Depending on the purchaser’s workplace, personal income, family size, 

lifecycle, lifestyle and so on, the concept of “good geographic location” is very 

different among individuals (Simpson 1987, Waddell 1993). For example, 

generally households with children prefer residential locations within proximity of 

the natural environment and open space, since parents believe a high-quality 

environment is very important for their children to maintain optimal health and 

development (Cummins and Jackson 2001). Alternatively, households without 

children might put more weight on low commuting costs and convenience, 

preferring residential locations that are accessible to job locations or urban 

amenities (Van Ommeren et al. 1999).  Existing studies have found that if 

residential location desires are satisfied, people are less likely to emphasize the 

importance of work location, especially in moderate or small cities (Kim et al. 

2004). People frequently place higher priority on other characteristics of urban 

areas rather than job proximity when making residential choices. Such factors 

include the presence of environmental amenities (Rouwendal and Meijer 2001, 

Wales 1978), clean air (Gawande et al. 2001), scenic views and preserved 

natural habitat (Hornsten and Fredman 2000, Tyrvainen 2001, Tyrvainen and 

Vaananen 1998), recreation opportunities including access to parks and open 

space (Colwell et al. 2002, Greenberg and Lewis 2000), and the presence of 

nearby retail and service facilities (Bowes and Ihlanfeldt 2001).  

The research by Zeng and Zhou (2001) has confirmed that the above 

factors include most of the essential aspects in finding a good residential location. 
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They developed a prototype real estate GIS to evaluate the geographical 

information and assist people to choose optimal residential locations. They 

adopted the following basic factors, which are in accord with the factors 

described in the previous paragraph: (1) environmental factors such as: slope, 

parks and natural reserves, rivers, beaches and lakes, floodplain, vehicle 

pollution, and railway noise; and (2) social factors such as: shops and shopping 

centers, schools, hospitals, bus stops, public services, and house price. They 

established multiple criteria for selecting good locations, with each criterion 

corresponding to a basic factor based on experts’ knowledge and common sense. 

These criteria were codified with fuzzy membership function and integrated into 

GIS using grid modeling functions. A weighted linear combination model was 

used in GIS to simulate the preference of different people to generate the 

analysis results. The modeled results of the study cases were verified on site, 

producing a 95% match with the reality.  
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CHAPTER 2 

STUDY AREA AND DATA 

2.1 Study Area 

The City of Denton is located in north central Texas in the United States, 

and is the seat of Denton County (Figure 1). It is a small city with a population of 

approximately 96,000 in an area of 159.3 square kilometers (61.5 square miles, 

2004). The population growth rate is estimated at approximately 5% annually, 

and the population is projected to 108,042 by 2010. Based on the 2000 census 

data, there were 32,814 total housing units, including 13,034 owner-occupied 

housing units, and housing occupancy rate was 94.4%. The average 

householder income was $42,094 annually, and the median householder income 

was $29,690 annually (all above data from the Web page of economic 

department of the City of Denton, 

http://www.cityofdenton.com/pages/ecodevo.cfm, last accessed on 12/11/05). 

 

2.2. Data 

Based upon previous studies by other researchers and local conditions, 

the following factors covered most aspects of evaluating “good location” and are 

considered to comprehensively describe the “optimal residential location” in this 
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research. Each factor was represented in a geographic information system (GIS) 

data layer: 

• Physical environment: slope, parks, rivers and lakes, floodplain, and vegetation 

(Table1). 

• Amenities: retail, clustered amenities and schools (Table 2). 

• Pollution and noise: main road pollution and noise, and railway noise (Table 3). 

• Social and economic factors: population density and land price (Table 4). 

 

Figure 1: Map of Study Area 
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Table 1: Data Layers for Physical Parameters 

Data layer Format Source 

Slope Raster data file Derived from Digital Elevation Model 

(DEM) from the Web site of Texas 

Natural Resource Information System: 

http://www.tnris.state.tx.us, last 

accessed on December 2005. 

Parks ESRI shapefile From the Web site of North Central 

Texas Council of Governments 

(NCTCOG): 

http://www.dfwinfo.com/, last 

accessed on December 2005 

 

Rivers and lakes ESRI shapefile Same as above 

Floodplain ESRI shapefile Same as above 

Green Space Raster data file Derived from the Landsat TM  image 

of December October 2004 of 

Denton County, using remote 

sensing software ERDAS 8.7  
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Table 2:  Data Layers for Amenities 

Data layer Format Source 

Retail ESRI shapefile Created by Geocoding, time: 

December 2005. Including: major 

grocery stores and shopping centers 

Clustered amenities ESRI shapefile As above, including: town square, 

utility services, universities, public 

libraries, theatres 

Attendance zones of 

Schools 

ESRI shapefile Created by digitizing, time: December 

2005, map source from the Web site 

of Denton Independent School 

District, http://www.dentonisd.org/ 

 

 

Table 3:  Data Layers for Pollution and Noise 

Data layer Format Source 

Major roads ESRI shapefile From the Web site of NCTCOG, last 

accessed on December 2005 

Railways ESRI shapefile Same as above 
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Table 4:  Data Layers for Social and Economic Factors 

Data layer Format Source 

Parcel price ESRI 

shapefile 

From the Web site of Denton Central Appraisal 

District: 

http://www.dentoncad.com/Appraisal/PublicAccess/, 

last accessed on 2/26/06 

Population 

density 

ESRI 

shapefile 

From the Web site of NCTCOG, using  

2000 census data, last accessed on December 

2005 

 

 

Except for the data layer of “Parcel price”, all data layers were integrated 

into GIS grid modeling to analyze “good geographic location” (for details see 

“Methodology”). Therefore, all vector layers, except for “Parcel price”, were 

converted to raster format before they were used in the modeling process. The 

cell size of each raster data layer is 30m by 30m, since the slope data layer was 

derived from the digital elevation model (DEM) of which the cell size is 30m by 

30m in accordance with the DEM stand of United States Geographical Survey 

(USGS). Two data layers, retail and clustered amenities, were created by 

geocoding in ArcGIS® integrated collection of software products for building a 

complete geographic information system (Environmental Systems Research 
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Institute, Inc. (ESRI), http://www.esri.com), which is the process of creating map 

features from addresses, place-names or similar information. 

In the City of Denton, private vehicles are the main mode of transport for 

residents, and public transportation is not fully developed. Thus, the factor of bus 

stops, which represents access to public transportation, was not used in this 

research. Also the factor of hospital, representing access to health care, was not 

adopted. In this research, it was assumed that most people preferred to visit their 

personal doctor instead of going to the clinic nearest to their house. Also in most 

areas within City of Denton, at least one clinic is reachable within 15 minutes 

drive time. 
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CHAPTER 3 

METHODOLOGY 

3.1 Fuzzy Set Theory 

This research incorporates fuzzy set theory within geographic information 

system (GIS) spatial analysis. Traditional Boolean logic, which has sharply 

defined boundaries and is deterministic and precise in nature, is not suitable to 

use with the inherent imprecision of GIS and human decision making processes 

(Sui 1992). Traditional Boolean logic allows for only two truth statements: 

True/False, or Zero/One.  When Boolean logic defines whether or not an element 

belongs to a set, there are only two possible results: 0 or 1, where 0 means the 

element does not belong to the set, and 1 means it does. Using Boolean logic to 

define the location of a place, the location can only be good or bad, not partially 

good or bad. However, as most geographic phenomena change gradually in 

space and time, sharp boundaries imposed between categories are 

inappropriate. For example, suppose the service radius of a shop is 1000 meters, 

and proximity to the shop is used as the criterion to evaluate the location of the 

surrounding area. Based on Boolean logic, anything within the service radius of 

the shop is a good location, and anything outside of the service radius of the 

shop is bad. Based upon Boolean logic, a location that is 999 meters from the 

shop is defined as good, while another that is 1001 meters from the shop is a 
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bad location. In real life, the difference between the two distances is insignificant 

and can be ignored. It is unlikely that an individual would assign the two places 

into two distinct categories. Instead of black and white, decision making 

concerning location is often a matter of shades of gray. Obviously, the absolutely 

binary terms: good/bad, or true/false, or zero/one, are inappropriate to describe 

them. It is therefore necessary to introduce the concept of degrees of truth.  

Fuzzy logic unlike traditional Boolean logic, allows for an infinite number of 

truth statements between zero and one, which is termed as a degree of truth. 

Fuzzy logic does not have sharply defined boundaries (Sui 1992). In other words, 

when using fuzzy logic to define the location of a place, the result can be good, 

bad or partially good/bad. Fuzzy logic provides a natural way of dealing with 

problems in which the source of imprecision is the absence of sharply defined 

criteria of class membership rather than the presence of random variables 

(Zimmermann 1988, Sui 1992), and it is able to more closely emulate the human 

decision making process. In practice, a fuzzy set defines a degree of belonging 

[0,1] through a membership function (Zeng and Zhou 2001). According to Zadeh 

(1965), suppose X is a universe of discourse having its generic elements x, or 

X={x}. A fuzzy set F in X is characterized by a membership function. μF(x) 

represents the grade of membership of x in F, and μF(x) is a number in the range 

of 0 to 1, with 1 representing full membership of the set and 0 nonmembership. 

The closer the value of μF(x) to 1, the more likely x is to belong to F (Zadeh 1965, 

Zeng and Zhou 2001, Sui 1992).  



 

16 

xx iix F
F /)(∫= μ               (1) 

{=F μ F xx ii /)( }           (2) 

The fuzzy set that is expressed by equation (1) and (2) is for continuum 

and discontinuum X={x} respectively. Using the same example described in the 

last paragraph, Figure 2 shows the difference between Boolean set and Fuzzy 

set.  

The concept of good location is difficult to define precisely based on 

purchasers’ preferences, and it is very hard to impose a clear distinction between 

“good location” and “bad location”. Therefore, Zadeh’s fuzzy set theory (1965) is 

more appropriate in this research. Selection criteria for good locations were 

codified with fuzzy membership functions refer to previous studies (Zeng and 

Zhou 2001, Sui 1992, Wyatt 1997) and local codes. 
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(a) Boolean set 

 

(b) Fuzzy set 

Figure 2: The Evaluation of Land Value Surrounding the Shop 

 

3.2 Fuzzy Set Membership Functions and Rules Used to Evaluate Each Factor  

The general fuzzy membership function (equation 1 and 2) can be 

implemented into 3 types: the linear, the “S” and the logarithm functions 
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(Kaufmann and Gupta 1988, Zeng and Zhou 2001). The fuzzy membership 

functions used in Zeng and Zhou’s research (2001) are also appropriate for this 

research, and have been modified based on local conditions of the study area. 

Functions for each factor in terms of “good location” are defined as follows: 

1) Linear function: for factors that are commonly considered to change 

in a linear form. 

 

 

• Proximity to parks  (a=60m, b=700m) 

• Proximity to green space (a=50m, b=500m) 

• No railway noise (a=30m, b=200m; and using F′(x)=1-F(x)) 

2) The “S” function: for factors whose value of “good” changes more 

rapidly with an increasing distance. 
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• Proximity to water (a=50m, b=100m, c=500m) 

In order to protect water bodies from soil erosion, pesticides and 

herbicides, U.S. Environmental Protection Agency (U.S.EPA, 2005) recommends 

the establishment of vegetative buffer strips of no less than 100 feet in width 

along the banks of rivers and wetlands. Also according to the standards for 

building setbacks of EPA, residential dwellings should be kept at a minimum of 

35 feet away from vegetative buffer strips of streams and lakes (U.S.EPA, 2005). 

Based on local conditions in the City of Denton, 50 meters (164 feet) was used 

as the width of buffer zone around streams and lakes. In addition, according to 

the building code of the City of Denton, no buildings should be constructed within 

the 100 Year Floodplain. Therefore, the area within the 100 Year Floodplain is 

excluded in this layer.  
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• Proximity to retail (a=60m, b=3500m) 

• Close to clustered amenities (a=60m, c=3500m) 
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The area surrounding shops and clustered amenities is often termed a 

negative impact zone due to heavy traffic flow with problems such as air and 

noise pollution. For most people these areas are not a good choice of residential 

location and they will avoid living within such negative impact zones. Therefore, 

when using the proximity to the grocery stores, shopping centers and clustered 

amenities to describe the degree of good residential location, the criteria are 

defined as outside of the negative impact zone, but in proximity to retail and 

clustered amenities. Based on field observations and experts’ experience, an 

area of 60 meters surrounding the shops and clustered amenities was defined as 

the negative impact zone.  

3) The logarithm function:  
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• No on road pollution (a=60m, b=200m) 

Air and noise pollution from motor vehicle emissions surrounding major 

roads reduces greatly within 60 meters, and then slowly afterwards. The risk 

exposure to vehicle emissions on either sides of a major roads is: high: 0 to 60 

meters; medium to low: 60 to 200 meters; and low: >200 meters (Zeng and Zhou 

2001). Data references are also available from U.S. EPA’s Website (U.S.EPA, 

2006). 
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For the school factor, it was inappropriate to use proximity to schools to 

define the degree of good residential location in the study area. In the City of 

Denton, each school, whether elementary, middle or high school, has a specific 

attendance zone. If a student lives within the attendance zone of school A, 

normally the student can only attend school A and cannot attend another school. 

Based upon State of Texas requirements, The Texas Education Agency (TEA) 

rates all campuses in Texas that serve students in grades 1 through 12 into 4 

primary rating labels: exemplary, recognized, academically acceptable or 

academically unacceptable. The ratings are based upon the comprehensive 

results of Texas Assessment of Knowledge and Skills (TAKS) test of each 

campus. Exemplary is the most desirable class and academically unacceptable 

is the most undesirable class. Generally, people prefer that their children attend 

good schools. Considering the factor of school only, locations within the 

attendance zone of a good school are better than locations within the attendance 

zone of an unacceptable school.  For the factor of school, three layers should be 

created to represent the degree of good location based on the spatial distribution 

of attendance zones of elementary schools, middle schools and high schools 

separately. However, the four middle schools, Calhoun, McMath, Crownover, and 

Strickland, of which the attendance zones cover the study area, have the same 

rating: academically acceptable. Also the three high schools, Denton, Fred 

Moore, and Ryan, of which the attendance zones cover the study area, have the 

same rating: academically acceptable.  Therefore, only the layer of elementary 
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schools was used. All but one of the elementary schools in the study area were 

rated into 2 primary rating labels: recognized and academically acceptable. One 

new elementary school, Mildred M Hawk, was not rated at the time of this 

research (Table 5). The elementary school layer was reclassified using the 

following rules: cells in the attendance zone of “recognized schools” were 

assigned a value of 1; cells in the attendance zone of “academically acceptable 

schools” were assigned a value of 0.5; cells in the attendance zone of Mildred M 

Hawk Elementary School were assigned a value of 0.  

 

Table 5: Ranking of Elementary Schools in the City of Denton, TX  

Num. School name Accountability rating 

2004 TAKS 
Met Standard 
(sum of all 
grades tested) 

2005 TAKS Met 
Standard (sum 
of all grades 
tested) 

1 Borman Academically 
Unacceptable 46% 46% 

2 Eugenia Porter 
Rayzor  Recognized 88% 78% 

3 Evers Park Academically Acceptable 59% 54% 
4 Ginnings Recognized 77% 71% 
5 Hodge Recognized 68% 66% 
6 Houston Recognized 85% 79% 
7 Lee Academically Acceptable 66% 60 
8 McNair Recognized 84% 73% 
9 Mildred M Hawk Not available N/A N/A 
10 Newton Rayzor  Academically Acceptable 72% 58% 
11 Pecan Creek Recognized 80% 80% 
12 Rivera Academically Acceptable 54% 57% 
13 Ryan Academically Acceptable 75% 71% 
14 Wilson Recognized 87% 83% 
From the Web site of Texas Education Agency: 

http://www.tea.state.tx.us/accountability.html, last access time is 03/012/06. 
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For the factor of population density, it was assumed that people prefer to 

live in an area with low density. In the layer of population density, population 

density was calculated for each census block based on 2000 census data, and 

classified into 11 categories. The cells in the lowest population density area were 

assigned a value of 1, the difference of cell’s value in two adjacent categories 

was 0.1, and the cells in the highest density area were assigned a value of 0.  

 

3.3 Flowchart of Data Processing and Analysis 

The analysis process incorporating fuzzy set theory within GIS spatial 

analysis is expressed by the flowchart (Figure 3), and is summarized as the 

following steps: 

(1) Creating derived layers: eight factors of parks, rivers and lakes, retail, 

clustered amenities, green space, railways and major roads. In this research 

these were expressed by fuzzy membership functions of spatial distance to the 

corresponding facilities to represent the degree of good location. The derived 

layers of these factors, in which each cell has an attribute value representing the 

spatial distance to the corresponding facilities, were created by calculating 

Euclidean distance in Spatial Analyst of ArcGIS® integrated collection of software 

products for building a complete geographic information system (Environmental 

Systems Research Institute, Inc. (ESRI), http://www.esri.com). The derived layer 

of slope was derived from the digital elevation model (DEM) of the study area in 

ArcGIS Spatial Analyst. For the factor of schools, the layer of attendance zones 
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of elementary schools was used instead of the layer of distance to schools. The 

layer of polygons representing the attendance zones of elementary schools was 

converted to raster layer and cells in different attendance zones are assigned 

corresponding attribute value according to the rank of schools. For the factor of 

population density, population density was calculated for each census block in 

ArcGIS, then the shape file of census block was converted to raster layer based 

on population density, and all cells were classified into 11 categories to create 

the derived layers of population density. 
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Figure 3: Flowchart of Data Processing and Analysis 
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(2) Creating fuzzy layers: Here “fuzzy layer” is defined as the resultant 

layer from the “derived layer” using fuzzy membership function or reclassification. 

The two fuzzy layers of schools and population density respectively, were 

created by reclassifying the corresponding derived layers. Other fuzzy layers 

were created using the corresponding derived layer as the input data layer and 

implementing the corresponding fuzzy membership function for each factor 

defined above in the raster calculator of ArcGIS. In each fuzzy layer the value of 

cells represents the degree of “good location” for corresponding criterion. The 

closer to 1 the value, the better the location. 

(3) Weighting and combining: For individual purchasers, the importance of 

each factor might be different. A map of good geographic location for a particular 

purchaser was produced by assigning a reasonable weight to each fuzzy layer.  

 

3.4 Development of ArcGIS WLC Extension 

To facilitate the selection process for optimal residential locations, a 

weighted linear combination (WLC) extension of ArcGIS was created using 

Visual Basic ® 6.0 development system (Microsoft Corporation, 

http://www.microsoft.com) and ArcObjects® platform independent software 

components (ESRI, http://www.esri.com). The Visual Basic project for the WLC 

extension was compiled as a dynamic link library (DLL) file with an extension 

name “.dll”, which can be installed on computers with ArcGIS 9.x. Users can load 

the WLC extension like any other ArcGIS extensions. Once the WLC extension is 
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loaded, the user can easily interact with the graphical user interface (GUI) to 

select input factors (fuzzy layers) using 3 primary categories of importance: very 

important, moderately important, and slightly important (Figure 4). Then the 

program can assign reasonable weights to corresponding factors and -combine 

them automatically. The program assigns weights to the factors (fuzzy layers) 

according to the following logic:  

(1) In each application scenario, there must be at least one very important 

factor selected; (2) The sum of all weights must be 1. Initially, the sum of weights 

for “very important” layers will be 0.6, the sum of weights for “moderately 

important” layers will be 0.3, and the sum of weights for “slightly important” layers 

will be 0.1; (3) Individual factors in the same category carry the same weight; (4) 

Individual weight of a very important factor will be 0.1 more than that of a 

moderately important factor. If this requirement is not met, the program will take 

some or all weights from the moderately important factors and add them to the 

very important factors until the requirement is met, or until the sum of the 

moderately important factors’ weights decreases to 0; (5) Individual weight of a 

moderately important factor will be 0.05 more than that of a slightly important 

factor. Again, if this requirement is not met, the program will take some or all 

weights from the slightly important factors and add them to the moderately 

important factors until the requirement is met or the sum of the slightly important 

factors’ weights decrease to 0;  (6) If no moderately important factor is selected, 

the initial weight of this category (a total of 0.3) will be redistributed among the 
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very important factors. Likewise if no slightly important factor is selected, the 

initial weight of the slightly important factors (a total of 0.1) will be redistributed 

among the very important factors. 

(4) Extracting: From the layer of parcel price, parcels with prices within the 

particular user’s affordable range can be exported to create a mask. Using this 

mask to extract, a “map of good locations” can be extracted from the weighted 

linear combination raster. 

 

 

 

Figure 4:  The Interface of Weighted Linear Combination 



 

29 

CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.1 Results  

Ten fuzzy layers were generated through geoprocessing in ArcGIS® 

integrated collection of software products for building a complete geographic 

information system (Environmental Systems Research Institute, Inc. (ESRI), 

http://www.esri.com) (Figure 5 to 14). The value of cells is between 0 and 1 on 

each fuzzy layer represented the degree of “goodness” according to the 

corresponding evaluation standard: 1 represents 100% of “goodness”, and 0 is 

0% of “goodness”. The results accorded with expectations, and mapped the 

corresponding criteria very well. 

Three study cases according to 3 different users’ preference were used in 

this research to test the model. In order to make the result map easier to be read, 

locations were grouped into five classes based on the attribute value of cells and 

represented by different color on final maps: (1) Most suitable. Cells whose value 

is larger than 0.8 and less than and equal to 1.0 are belong to this category and 

are represented in dark red; (2) Suitable. Cells’ value are larger than 0.6 and less 

than and equal to 0.8, represented in raw umber; (3) Moderate. Cells’ value are 

larger than 0.4 and less than and equal to 0.6, represented in tarragon green; (4) 

Less suitable Cells’ value are larger than 0.2 and less than and equal to 0.4, 
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represented in delft blue; and (5) Least suitable. Cells’ value are larger than and 

equal to 0 and less than 0.2, represented in dark blue. A map of study area with 

most facilities was given for consultant (Figure 15). 

(1) The first case was for a family with young children at elementary 

school. Based on their preference, the selected factors were sorted as: (i) very 

important: proximity to parks, and within the attendance zones of good 

elementary schools; (ii) moderately important: proximity to clustered amenities 

and green space, no on road pollution and no railway noise; (iii) slightly 

important: population density, proximity to retail and good slope. The price range 

was between $100,000 and $180,000. Figure 16 is the result map for the family. 

The most suitable residential locations appeared in the north central, northeast, 

central south, central west and south sections of the study area. Most of these 

areas are near parks and within the attendance zones of elementary schools 

rated recognized (details see Table 6), except the locations in the central west 

which are within the attendance zones of elementary schools rated as academic 

acceptable. But these locations in the central west are closer to parks compared 

to other most suitable locations. While keeping a certain distance from major 

roads and railways, most suitable locations are also close to clustered amenities 

and green space. Some of suitable locations appeared in the north west 

sections, where is close to North Lake Park, but not in the attendance zones of 

recognized elementary schools, and other suitable residential locations are just 

around the most suitable locations. Most of less suitable and least suitable 
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locations appeared in the southwest and southeast sections within the 

attendance zones of Borman Elementary School, which was ranked as academic 

unacceptable, and M.M. Hawk which was not rated. Also, compared with other 

areas, these areas are a little far away from clustered amenities.  

 

Table 6: Most Suitable Locations of Study Case 1 

 

 

(2) The second case was for a young single user with no child. The user’s 

selected factors were sorted as: (i) very important: proximity to clustered 

amenities, retail, and water; (ii) moderately important: good slope, no railway 

noise and proximity to parks; (iii) slightly important: proximity to green space, 

population density and no on-road pollution. The user’s preferred price range 

was between $80,000 and $120,000. Figure 17 shows the result for the user. 

Compared with the map of the family with children, fewer locations were 

displayed because of the narrower price range. The most suitable residential 

locations appeared in the north central, central west, and southwest sections of 

the study area. These areas are close to streams, ponds, clustered amenities, 

Location Parks Elementary schools 
North central Evers Ginnings 
North east Avandale, and Schultz Wilson, and Hodge 
Central south Fred Moore, and Phoenix McNair 
Central west Evers Evers Park, Newton Rayzor 
South South Lake Houston 
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shops and shopping centers (details see Table 7), and they are also close to 

major roads such as US 380 and I 35. Most of suitable residential locations 

appeared close to commercial area, and around the most suitable locations. 

Most of the less suitable residential locations appeared in the south west, north 

and east sections, far away from streams, ponds, clustered amenities and shops.  

Table 7: Most Suitable Locations of Study Case 2  

Locations Water Clustered amenities Shops& shopping 

centers 

North Central Cooper creek North Branch Library Kroger 

Central West Pecan creek, North 

Lake 

North Branch Library, 

Movie Tavern 

Albertsons, Denton 

Town Center 

South West Ponds South Branch Library, 

Cinemark, Sliver cinema 

Albertsons 

 

 

(3) The last case was for a retired couple. The assigned factors were: (i) 

very important: population density, proximity to green space and clustered 

amenities; (ii) moderately important: no on-road pollution, no railway noise, 

proximity to retail and parks; (iii) slightly important: good slope and proximity to 

water. Their preferred price range was between $150,000 and $220,000. Figure 

18 shows the result for the couple. The most suitable residential locations for the 

couple appeared in the central west and south sections. The population density 

is very low in these areas with no more than 69 persons per square km (details 
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see Table 8). These areas are close to clustered amenities, green space, shops 

and shopping centers, and are distant from major roads and railways. Most of 

suitable residential locations appeared in areas with a fairly low population 

density, and are close to clustered amenities and retail. The remainder appeared 

in areas with a very low population density and close to green space. 

 

Table 8: Most Suitable Locations for Study Case 3  

Locations Population density Clustered 

amenities 

Shops & shopping center 

Central West 0-29 persons/km2 North Branch 

library 

Albertsons, Denton Town 

Center 

South East 0-69 persons/km2 South Branch 

library, Cinemark, 

Sliver cinema 

Albertsons, Golden Triangle, 

Southridge Village  

 

 

North, central west, central and south, four places in the study area were 

selected to do on site investigation. According to each result map, residential 

locations belong to five different categories from most suitable to least suitable 

were involved. The distance between selected locations to corresponding 

facilities were measured. The on site investigation confirmed the evaluation 

results of the three examples were in accord with the corresponding screening 

terms.  
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Figure 5: Fuzzy Layer of Cluster Amenities Proximity 
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Figure 6: Fuzzy Layer of Retail Proximity 



 

36 

 

Figure 7: Fuzzy Layer of No On-Road Pollution 
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Figure 8: Fuzzy Layer of No Railway Noise 
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Figure 9: Fuzzy Layer of Green Space Proximity 
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Figure 10: Fuzzy Layer of Parks Proximity 
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Figure 11: Fuzzy Layer of Elementary School 
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Figure 12: Fuzzy Layer of Population Density  
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Figure 13: Fuzzy Layer of Good Slope 
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Figure 14: Fuzzy Layer of Water Proximity 
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Figure 15: Map of City of Denton 
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Figure 16: Result Map for a Family with Young Children at Elementary School 
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Figure 17:  Result Map for a Young Single 
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Figure 18: Result Map for a Retired Couple  
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4.2 Discussion 

Good geographic location is a relative definition and is different from 

individual to individual. Factors used in this research covered most aspects of 

evaluating geographical location in the study area. Using the model to screen 

suitable locations, users can apply the built-in weighted linear combination (WLC) 

model to simulate their preference, and the analytical process let users avoid 

biased results by just focusing on their preferred factors and ignoring others. The 

criteria of evaluating corresponding factors provide an objective opinion to users 

and help them avoid potential pitfalls.  The method is flexible for all users. The 

criteria can be modified to meet particular requirement(s) and produce more 

tailored simulation results. When using the weighted linear combination model, it 

is recommended that the “very important factors” should be no more than 1/3 of 

all factors. Since in the WLC model, each individual factor in the same primary 

category carries the same weight, the more factors are selected in the same 

category, the less weight is assigned to each factor. If a user selects too many 

very important factors, the difference of importance between the very important 

factors and other factors will be diluted. For example, if a user selects all factors 

as “very important factors”, all factors will have the same weight; there is no 

difference in importance from factor to factor. This is an ineffective selection. The 

emphasized factors should always be minority. 

Besides different preferences of individuals, good geographical locations 

also change with spatial and temporal changes. For example, in metropolitan 
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areas where people may frequently use public transportation, access of public 

transportation will be an important factor influencing the evaluation of location. 

When applying the method and model to other places, related factors should be 

added/removed according to local conditions, and if necessary, the criteria of 

evaluating factors should be modified appropriately. The quality of evaluations 

using the method depends on the quality of data. Some factors such as 

infrastructures, facilities, retails and local social-economic conditions changes 

over time. Therefore, updating data should be done in a certain period. It is 

recommended to do it every 6 months. In addition, some facilities which locate 

outside the boundary of interesting area but can serve for margin areas of 

interesting area may be ignored. When users doing the evaluations, enlarging 

the boundary of interesting area appropriately can minimize such impacts and 

get a more liable evaluation for the margin areas. 

This research used a simplified Euclidean distance instead of traveling 

distance of road networks to evaluate proximity to clustered amenities and retail. 

Because road networks are extensive in the City of Denton, it is assumed it is not 

significantly different using this method. When this method applying to other 

areas with sparse road networks, the results may be less appropriate. In future 

studies, network analysis should be used to evaluate these factors. The network 

analysis in geographic information system (GIS) can calculate the shortest routes 

and shortest travel time for any location to specified facilities. Therefore, in future 
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studies, based on their preference, users can choose to use either the shortest 

routes or the shortest travel time to evaluate such factors.  

From field investigations, it becomes obvious that characteristics of 

neighborhoods might affect people’s decision when seeking optimal residential 

locations. Characteristics involve density, style, and age of buildings, views, the 

conditions of streets, the census characteristics of residents, and so on. To 

evaluate the characteristics of neighborhood depends on people’s subjective 

preference, and it is difficult to quantify. Future study may consider visualizing 

characteristics of neighborhoods. Site pictures and high-resolution satellite 

images are very helpful for people to recognize characteristics of neighborhood. 

Linking these images to result maps will assist people in their decision making. 

To obtain more details, images and basic data of individual properties can be 

hyperlinked with the corresponding parcels. This will provide great convenience 

for users.  

Future studies may consider integrating fuzzy logic and Boolean logic into 

the model. Some people may have specific requirements for some certain factors 

to which the Boolean logic is still applicable. For example, some people may 

want to live only within the attendance zones of good schools. They would like to 

consider other factors under this prerequisite. In the first study case, attending 

good elementary school is one of the very important factors for the user, but on 

the result map, some of the most suitable locations are not located within the 

attendance zone of recognized elementary schools. Because the factor of school 
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is not the only evaluation standard, when the evaluated values of other factors 

are all very high, they can make up the fallen value in evaluating factor of school. 

At this point, using Boolean logic to evaluate factor of school, the most suitable 

locations can be guaranteed falling in the attendance zones of recognized 

elementary schools. In future studies with similar factors, an alternative criterion 

using Boolean logic will be able to meet the specific requirements of certain 

users. 

Moreover, it should be noted that the resolution of raster layers is an 

important factor affecting the results from the model. The spatial distributions of 

elements or phenomena have a close relationship with geographical scales. The 

distribution may be homogenous at one scale, but heterogeneous at another 

scale (Dong, 2000a, 2000b; Malczewski 2000). For example, the slope of the 

land may remain the same in a piece of land of 30m by 30m, however in a land 

of 1km2, the slope of the land may vary distinctly. Furthermore, the best 

geographical scale for different elements or phenomena may be different 

(Malczewski 2000). For example, per square kilometer is usually used in 

representing population density, but it may not be suitable to represent the 

topographic slope using a cell size of 1 km by 1 km. In general, data with higher 

resolution matches the geographical realities better, and using high resolution 

data can lessen the bias of evaluation result. But using high resolution data is 

limited by many factors such as individual data accessibility, the effectiveness 

and efficiency of data processing. When using the model to evaluate 
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geographical locations, one needs to pay more attention to selecting an 

appropriate data resolution according to the scale of study area and the 

requirement of evaluation. In fact, the change of the observation scale, or 

scaling, is a complex issue in spatial modeling which can be studied using 

measures such as fractal dimension (Salingaros, 2003; Lu and Tang, 2004) and 

lacunarity (Plotnick et al., 1996; Dong, 2000a, 2000b; Sui and Wu, 2002).  
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CHAPTER 5 

CONCLUSIONS 

With the capability of handling vagueness and imprecision, the fuzzy set 

theory is suitable for spatial decision making, and also is able to avoid losing 

information raised by defining sharply boundaries in the screening criteria. 

Integrating the fuzzy set theory into geographic information system (GIS) 

modeling, this research provides a practical and easy way for people to select 

their optimal residential locations. It overcomes the primary obstacles of 

accessibility to spatial data and synthesizing multiple criteria for most individuals. 

With sufficiently taking account of individuals’ preferences, the model implements 

objective and comprehensive evaluating for geographical locations. Comparing 

to conventional methods, it greatly improves the efficiency of selection and saves 

time and costs for people. By adding/removing related factors, and adjusting 

evaluation criteria, the method is able to apply in other fields involving spatial 

decision making and land value evaluating, such as locating commercial and 

public facilities, city planning, and optimal public transportation routes selection. 

Moreover, the weighting linear combination (WLC) extension for GIS developed 

in this research is generally applicable to other GIS projects involving raster 

modeling.  



 

54 

From the above study cases, it shows in the City of Denton that: (1) the 

locations in the north central, northeast, central south, central west and south, 

with characteristics of close to parks, green space, within the attendance zones 

of recognized elementary schools, and keeping a certain distance from major 

roads and railways, are the most suitable resident locations for a family with 

young children at elementary schools; (2) the locations in north central, central 

west and southwest, which are close to water, clustered amenities and retail and 

relatively close to parks, are most suitable for young single who prefers urban 

services and leisure life and; (3) the locations in the central west and southwest, 

with characteristics of low population density, close to green space, clustered 

amenities, keeping a certain distance from major roads and railways, and 

relatively close to parks and retail, are good choice for the retired people who 

prefer a high environment quality, a quiet neighborhood, and facility to use urban 

services; (4) the more flexible of affordable price, the more locations are for 

choosing.  

Implementing fuzzy GIS modeling over the Internet might be of interest to 

many users. So far, Internet Map Servers (IMS) such as ArcIMS® (Environmental 

Systems Research Institute, Inc. (ESRI), http://www.esri.com) cannot implement 

grid modeling functions directly. However, ArcMap® integrated map display, 

editing and production environment (ESRI, http://www.esri.com) documents can 

be published on the Web using ESRI’s ArcIMS ArcMap Server. By 

programmatically creating ArcMap documents with various weight combinations, 
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Internet users can create maps just like they do with a desktop ArcGIS® 

integrated collection of software products for building a complete geographic 

information system (Environmental Systems Research Institute, Inc. (ESRI), 

http://www.esri.com). Such a design will greatly improve the accessibility and 

practicability of GIS spatial modeling, including the fuzzy GIS modeling described 

in this research. 
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