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Abstract 

Planning is of vital importance for the development urban areas to facilitate sustainable economic 

growth and social functions. The traditional, manual ways of planning that depend on biophysical data 

and use a hierarchical approach are no longer appropriate for site choice since information is rapidly 

updated today. Multi-criteria analysis (MCA) has been used for about two decades with geographic 

information systems (GIS) to analyze spatial problems. GIS-based Multi-Criteria Decision Analysis 

(MCDA) provides tools for assessing the inherent tradeoffs and mechanisms for incorporating and 

documenting the value judgments of interest groups and decision makers and is thus a more reasonable 

and scientific way for site selection to development. Guangzhou, the study area of this paper, is one of 

the fastest developing and largest cities located in Southern China. This research used the GIS-based 

MCDA approaches to find the appropriate sites for residential areas in Guangzhou. Satellite images, 

DEM and several thematic maps of Guangzhou were used in this research. Using different methods and 

technologies, the data were used to create constraint and factor maps for multi-criteria analysis. After 

building the MCA model, the weights for multi-criteria analysis were obtained through an analytic 

hierarchy process (AHP) by comparing the importance of every two factors. Finally, a suitability map for 

housing development was generated. The result indicates that with the help of GIS and remote sensing 

technologies, the process of site selection and urban planning can be done in a more effective and 

scientific way. The limitation and future perspective of GIS based MCDA methods are discussed. 
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1. Introduction 

1.1 Background 

The process of urbanization has brought great numbers of population in the cities, which has been 

predicted to growth over the next 20 years (Sadik, 1999). The rapid growth of cities has brought a myriad 

of problems (Masser, 2001; Sadik, 1999) due to limited land, resources and infrastructure (Xinhua, 2012). 

Therefore, well-considered urban planning is of vital importance for developing the urban area in a way 

that facilitates future economic growth and social functions. The traditional development depends on 

biophysical data and uses a hierarchical approach. But as the cities expand at unprecedented speed, 

traditional ways are no longer appropriate for site choice (Phama, Yamaguchi and Bui, 2010).  

 

Under this circumstance, Geographic Information System (GIS) (a computer system that can hold 

and use data describing places on the earth's surface) offers a possibility to quantitatively study and 

analyze the geographic information and visualize the results on a series of maps. GIS systems make it 

possible for us to scan, query, understand and interpret data which reveal relationships, patterns and 

trends by generating tables and maps (ESRI, 2014). A GIS system can store large volumes of data 

effectively, build models to support decision making process, as well as share data with others. 

 

A wide range of GIS applications have been developed over the past 50 years, dealing with 

complicated and interrelated situations. It has been commonly used in natural resources and 

environmental management, such as building soil and biodiversity databases. It has also been used in 

transportation, public health and education (Supergeo, 2014). GIS system has been used widely in urban 

and regional planning. Governments use internet-based GIS to provide public services (ESRI, 2013). In 

China, GIS technology has been applied to support decision making of finding suitable sites to construct 

landfills (Chen and Mao,2013), supermarkets (Song and Yang, 2010) and resorts (Gao and Qiu,2009). 

 

Multi-criteria analysis (MCA) is an effective approach to support decision making process in which 

different options' are based on a set of explicit objectives measured by weighted criteria (Department for 

Communities and Local Government:London,2009). This is a useful approach to optimize site selection, 

because decision makers' objectives can be optimized. MCA has many advantages: 1) it is explicit and 

open; 2) it is convenient to change objectives and criteria; 3) score and weights are developed in 

accordance with established techniques; 4) experts can be involved to help with performance 

measurement; 5) it provides an effective way for communication, both within the decision makers' group 

and between the decision makers and the stakeholders and 6) scores and weights can provide an audit 

trail. 

 

GIS-based MCA is powerful for spatial related decision making process, especially in optimized 

sites selection and assessment (Estoque, 2011), which has enhanced multi-criteria decision making 

process since 1980s (Roy, 1996). It is a process that combines geographical data and value judgments. It 

usually has two types of criteria: factor and constraint. The former is a criterion enhances or distracts 

from the suitability of an alternative, and the latter is the element or feature that represents limitations 

(Estoque, 2011). GIS-based MCA is commonly used in site selection processes, such as site location, 

land use, proximity to transport and road infrastructure. 

 

There are two types of factors need to be considered when planning residential sites. Showstopper 
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criteria are those that may prevent development completely. Existing or proposed 

biodiversity/geodiversity sites, geological hazard zones and protected drinking water sources zone are 

examples. Assessment criteria, these could affect the suitability, design, layout and housing capacity of a 

site, as the accessibilities to the entertainment sites (Nicholls,2001; Smoyer-Tomic et al.,2004) and the 

distance to public facilities, such as schools, hospitals, supermarkets and public transports (Hodgart,1978; 

Malczewski,2011; McAllister,1976; Shen,2002). GIS-based MCA is an ideal approach to help find the 

most suitable location of such sites. 

 

Guangzhou is one of the most important and largest cities located in Southern China, which is also 

the capital city of Guangdong province. It is a crucial transportation hub and trading center for its 

geographic location, which is 120 km north-northwest of Hong Kong, and north-northeast of Macau. The 

population of Guangzhou is 12.78 million. Guangzhou has a humid subtropical climate, with hot and 

humidity summer and mild and dry winter. It is a sub-provincial city of ten districts and two county-level 

cities. It is the manufacturing center of the Pearl River Delta, with a GDP of $ 133.5 billion USD. 

Therefore, the sustainable urban planning in Guangzhou is not only important for itself, but also 

significant for China, and the whole world. 

1.2 Aims 

The purpose of this research is to find the appropriate sites for residential areas by using the 

GIS-based MCDA approaches in a major city, Guangzhou, located in Guangdong Province, China. 

Multiple factors will be considered to evaluate the suitability of sites. Specifically, we are going to 

consider the following criteria: 1) Is the site all or mostly within a geological hazard inner zone, where 

there are no proposals to remove the hazard giving rise to the zones; 2) Is the site all or mostly within an 

existing or proposed SSSI(Sites of Special Scientific Interest), Local Nature Reserve or ancient 

woodland? 3) Does the development affect (wholly or partially) the land being used? 4) Is the site flat 

enough for housing developments? 5) Is the site close to public transportation? 6) Is the site close to 

public facilities? Or is the site close to schools, hospitals, supermarkets and public transports? After each 

factor is considered, different weights will be given to them according to their importance. 

 

In detail, the research questions are as below: 

• What factors we should consider necessarily when analyze the settlements of the houses in urban 

cities of Guangzhou, China? What are the weights for each factor when determining the suitable 

places for living? 

• Where are the appropriate places for living in Guangzhou, China as a result of the GIS-based 

MCDA methods? 

• Would the method be decent and powerful for the future urban designing (e.g., the determinations of 

the house settlements) in Guangzhou city, China? 

• What are the advantages/disadvantages of MCDA, compared with informal judgment or highly 

sophisticated methods? 

1.3 The organization of the thesis 

After the brief introduction and background of this article, the remaining parts are organized as 

follows. Literature Review will briefly review the previous literature on GIS-based site selection issues. 

Materials will introduce the specific location of this study, the data, images and software we are going to 

use. Method will describe the detailed data preparation process, how we select the criteria and weight 

them, with the constraints and factor maps provided. Then MCA model will be built and analyzed. 

Results will present the final results and the map for the most suitable sites identified, followed by 

discussion in Discussion. At last, Conclusion and future perspective will give the conclusion, point out 

the limitation and provide future work directions.
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2. Literature Review 

MCA and GIS has a very wide range of application in supporting site selection decision making, and 

the method in different planning projects are similar. The literature review will present some case studies 

for GIS-supported MCA decision making and summarize advantages of MCA over informal judgment. 

 

The earliest study of this type was in 1901 to find a storehouse site in France (Zhang, 2007). The 

technique did not develop much until Hakimi (1964) published transformation centers selection in 

communication network. It is regarded as a milestone of site selection researches, because thereafter, 

many innovative works began to appear (Gao and Qiu, 2009). 

 

Berry (2004) has carried out a study to determine Least Cost Path (LCP) procedure and used Delphi 

process to make decisions. 20 criteria were used to calibrate weights by the AHP procedure. The 

objective of his study was to site an electric transmission line, using least-cost criteria and avoiding areas 

not suitable for the construct such lines. To realize this objective, he identified four factors: high-story 

housing density, distance from roads, service areas and visual exposures. Preference was given in the 

scale of 1-9 to calculate the final map. 

 

In the last 5-10 years, MCDA have become increasingly popular in decision making for various 

applications. Store (2001) used GIS data processing, spatial analysis and modern decision making 

techniques to improve habitat suitability evaluation over large areas. A case study in habitat suitability 

maps were produced for an old-forest polypore, Skeletocutis odora. Kallali et al. (2007) used GIS and 

expert knowledge as a decision support system to determine adequate potential soil aquifer treatment 

(SAT) sites for groundwater recharge of Hammamet-Nabeul aquifer located in 'Cap Bon' peninsula in 

North East of Tunisia. (Chenini et al., 2010) carried out a study in the Maknassy basin located in Central 

Tunisia, incorporating with historic rainfall data analysis, watershed drainage density, and surficial 

geology and aquifer boundary conditions. And the results demonstrated that the GIS methodology has 

good functionality for mapping groundwater recharge zone. Phuaand Minowa (2005) used GIS-based 

MCDA approach for forest conservation planning at a landscape scale. As there is an increasing demand 

for active public involvement in forestry decision-making, Sheppard and Meitner (2005) used 

multi-criteria analysis and visualization for sustainable forest management planning with stakeholder 

groups. Based on the results and participant evaluations, techniques such as this appear effective as 

decision-support tools in conflict-prone areas. Svoray et al. (2005) used a Habitat Heterogeneity Model 

and a multi-criteria mechanism to perform urban land-use allocation in a Mediterranean ecotone. Four 

possible land-uses - nature reserves, forest plantations, residential areas, and industrial areas - were taken 

into consideration. Hill et al. (2005) used a spatial implementation of the Analytic Hierarchy Process 

(AHP), ASSESS (A System for Selecting Suitable Sites), extensively for MCDA in assessment of 

catchment condition for the intensive land use zone of Australia. Wang et al. (2009) reviewed the 

corresponding methods in different stages of multi-criteria decision-making for sustainable energy. Chen 

et al. (2009) examined multi-criteria weight sensitivity of a GIS-based MCDM model by identifying 

criteria that are especially sensitive to weight changes and showing the impacts of changing criteria 

weights on the model outcomes in spatial dimension. Chen et al. (2011) developed an uncertainty 

analysis module for use within a GIS-based MCA tool for catchment management. 
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In China, GIS-based site selections have been widely used. Chen and Mao (2013) identified slope, 

the distance to major water body and land use type as the major factors, and assigned 0.4,0.3 and 0.3 to as 

weight to them, respectively. After calculation and reclassification, the grid with the highest score was 

marked in black, representing the optimized regions for constructing a municipal solid waste landfill. 

 

Song and Yang (2010) used GIS approach to assist site selection for compositive supermarket in 

Yinchuan, the capital city in Ningxia province, the western part of China. To attract the potential 

customers, four factors were identified: density of human population, the accessibility to the major roads, 

the existing supermarkets' impact and suitable sites according to the urban planning. Weights were 

determined by AHP method, and assigned 0.3, 0.26, 0.24 and 0.2 respectively to the four factors. The 

results suggest two locations are ideal: one is on the opposite of the newly government building, where 

will become the political and cultural center. The other one is near the central park, where the population 

is increasing dramatically, but no supermarkets are currently available. 

 

Gao and Qiu (2009) have studied the resort sitting evaluation in Nan Kun Mountain of Guangdong 

province. Major factors including climate, national regional development plans, policies, aspect and 

slope, vegetation coverage and transportation were carefully considered and weighted. 

 

According to Department for Communities and Local Government: London (2009), MCA has many 

advantages over informal judgment unsupported by analysis: 

• it is open and explicit 

• the choice of objectives and criteria that any decision making group may make are open to 

analysis and to change if they are felt to be inappropriate 

• scores and weights, when used, are also explicit and are developed according to established 

techniques. They can also be cross-referenced to other sources of information on relative values, 

and amended if necessary 

• performance measurement can be sub-contracted to experts, so need not necessarily be left in the 

hands of the decision making body itself 

• it can provide an important means of communication, within the decision making body and 

sometimes, later, between that body and the wider community, and 

• scores and weights are used, it provides an audit trail. 

 

Though MCA is an extensively used method in the determination of site selection, this 

method often includes several evaluations, even conflicting criteria. An overall evaluation must 

be made on the establishment of preferences between the criteria. According to their relative 

importance, each of the criteria will be assessed and assigned a weighted value (Zhu and Liu et 

al., 2006). Since the criteria differ by the individuals, for the same problem, different results may 

be yielded by different criteria applied. Two or more MCA methods are recommended 

especially for the unstructured decision problems (Mysiak, 2006). 
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3. Materials 

3.1 Study Area 

The study area is the city of Guangzhou, the third-largest city of China. Guangzhou is a key 

manufacturing and trade center in Southeastern China. The geographic location is 122°57
/ 
to 144°03

/
 E, 

and 22 o 26' to 23°56' N. Guangzhou is part of the Pearl River Delta, with the total area of 7,434.4 square 

kilometers of the city's administration. 10 of its districts take 3,843.43 square kilometers (51.7%) and the 

remaining are the two county-level cities. 

 
 

Figure 3.1 Study Area: Guangzhou (modified from http://www.zwbk.org/)3.2 Software 
 

The major softwares applied in this study include ArcGIS 10.1, ENVI 4.8, and IDL 8.0. Additionally, 

MATLAB scripts were coded for Analytic hierarchy process (AHP). 

 

ArcGIS is a powerful tool for solving geographic problems, by creating many kinds of thematic maps, 

getting the attribute information of a spatial location, spatial visualization, sharing geographic 

information services and managing the geographic information in a geodatabase. ArcMap is the main 

component that used to create, view, edit and analyze geospatial data. In this project, ArcMap is used to 

digitize and classify the land use images, and then to create thematic maps. ArcCatalog is applied for 

organizing and managing spatial data. 
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Table 3.1 Detailed information of the data 

 

 
 

ENVI (short for "Environment for Visualizing Images") is the world's leading software application 

used to process and analyze Satellite imagery. It is commonly used by remote sensing professionals and 

image analysts. It bundles together a great many scientific image processing methods, a lot of which are 

contained in automated, wizard- based approach that walks users through complex tasks. 

 

IDL (short for “Interactive Data Language”), developed by the same company as ENVI, is a 

programming language used for data analysis, especially for image analysis. It is used in particular areas 

of science, such as astronomy, remote sensing and medical imaging. 

 

AHP method is used to calculate weight each option and criterion in MCA, which is a linear additive 

model in MCA. The AHP evaluates each option and criteria according to their degree of importance. In 

this paper, MATLAB script is used to realize AHP. 

3.3 Data description 

 

 (a) Satellite image (b) DEM 

 

Figure 3.2 Guangzhou (a) Satellite image, (b) DEM.
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Datasets used in this research are satellite (Land- sat 8) false color image (Figure 3.2(a)) SRTM 

DEM data (Figure 3.2(b)). The detailed information of them is shown in Table 3.1. Beside that, 

additional data, as geological hazard prone degree map (Figure 3.3(a)) and protected drinking water 

source zone map (Figure 3.3(b)), which were from Guangzhou municipal land resources and housing 

administrative bureau, and Agency of Guangzhou environmental protection, are used for selecting 

housing development sites.

 (a)                                                                                 (b) 

Figure 3.3 Guangzhou (a) Geological hazard prone degree map (from Guangzhou municipal land 

resources and housing administrative bureau), (b) Protected drinking water source zone map (from 

Agency of Guangzhou environmental protection) 
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4. Method 

In the identification of the appropriate residential areas in Guangzhou, GIS system was 

applied for the spatial data sources, including spatial satellite images, vegetation distribution. In 

addition, as the assessment of the appropriateness of residency depends on the demands on the 

specific type of land use, such as geological hazards and the drinkable water reservoirs. The 

assessment is a multi-criteria decision-making problem, and we used an MCA method for 

classifying and weighing criteria. To obtain the area suitable for housing development, we 

follow the following steps: data preprocessing, criteria determination, construction of constraint 

maps and factor maps and MCA analysis. 

4.1 Data preprocessing 

In this study, spatial satellite images, land-use maps, geological information were first digitally input 

into the GIS. For the future assessment, the required information must be extracted from the vectors or 

existing maps to create new maps. The new must be saved in the GIS spatial database. 

4.1.1 Image digitization 

Image digitization means extracting information from raster image to features files, as vector files or 

shape files of ArcGIS. For existing maps, information useful for this research needs to be extracted from 

other irrelevant details. This information include the border, main cities and main roads of Guangzhou, 

geological hazards zones and their prone degree in Guangzhou and protected drinking water source zones 

and their protecting levels in Guangzhou. All those tasks, which can be labor-intensive, can be done 

using ArcGIS. As an alternative, the border, cities and roads shapefiles can be downloaded from Harvard 

University: http://www.fas.harvard.edu/chgis/data/dcw/, as shown in Figure 4.1. 

(a) Border and cities                                                      (b) Road 

Figure 4.1 Guangzhou (a) Border and cities, (b) Main roads (from Harvard University). 

http://www.fas.harvard.edu/chgis/data/dcw/
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(a) Hazards prone degree map 
 

(b) Drinking water source zone protection level map 

 

The geological hazards prone degree map and drinking water source zone protection level maps were 

digitalized manually in ArcGIS and projected into the same spatial reference system as DEM data and 

satellite image data. In this research, GCS_WGS_1984 was selected as the unique spatial reference 

system, and that means all data from other sources should be projected in this unique spatial reference 

system for geographically correspondence. Figure 4.2(a) shows the digitalized geological hazards prone 

degree map of Guangzhou, the high-prone zone were drawn because of active faults, landslides, floods, 

etc. these zones are less suitable for housing development if there are no proposals to remove the hazard 

giving rise to them. Figure 4.2(b) shows the digitalized drinking water source zone protection level map 

of Guangzhou, these higher level zones are protected because there are waterworks lying in them. It is of 

crucial importance to protect them from being polluted. Therefore, the further the houses of residents 

away from these zones, the better. But in practice, water from waterworks need to be transported to 

residents with pipeline, houses located away from these zones beyond 5 km (suggested by an expert who 

work for Agency of Guangzhou environmental protection) will be considered safe from polluting 

drinking water sources.
 

Figure 4.2 Guangzhou (a) Geological hazards prone degree map, (b) Drinking water source zone protection 

level map.
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4.1.2 Satellite image processing 

Forest, water and buildings coverage are available in many free satellite images. Among them, 

Landsat TM images most commonly appear in scientific studies. The Landsat program is the longest 

running enterprise for acquisition of satellite imagery of Earth. Previously, the Landsat was called the 

Earth Resources Technology Satellite, which was launched on July 23, 1972 (Short, 2011). The TM 

(thematic mapper) sensor, which was first introduced on Landsat 5, is very useful for land cover 

classification at 30 m resolution. Updated Landsat TM datasets are not available since Landsat 5 ended 

in 2011. Later in 1999, Landsat 7 introduced the ETM+ (enhanced thematic mapper plus) sensor, which 

include a panchromatic band with 15 m resolution. Since December 2005, the ETM+ images can be 

downloaded for free. However, the black strips appeared in the ETM+ images because the scan line 

corrector failed in 2011, as shown in Figure 4.3(a). Despite the strips, can be removed by some softwares 

(e.g., ArcGIS, ENVI), the quality of ETM+ images are greatly reduced. 
 

(a) Gaps (strips) in Landsat 7 images (b) Example of Landsat 8 cloud-free image 

 

Figure 4.3 (a) Gaps (strips) in Landsat 7 images for the scan line corrector error, (b) An example of Landsat 

8 cloud-free image. 
 

In February 2013, Landsat 8 began an operational land imager (OLI) service. Landsat 8 includes 

two new spectral bands. One is a deep blue band, usually used for recognizing coastal water and another 

is a band commonly used to detect cirrus cloud. Its datasets are free open in many websites 

(http://glovis.usgs.govor http://earthexplorer.usgs.gov). A set of cloud-free Landsat 8 data was down-

loaded (see Figure 4.3(b)) in this research instead of Landsat 5 or Landsat 7, since it is up-to-date and of 

higher quality. 

 

Figure 4.4 shows all the Landsat 8's bands. Among the 11 bands, the band 1 to band 4 are visible 

light. Others are invisible spectrums. Specifically, bands 2, 3, and 4, are visible blue, green, and red 

respectively. Band 5 represents near-infrared (NIR). Bands 6 and 7 locate in different ranges of 

shortwave infrared SWIR). Band 6 is also named middle infrared (MIR). 

 

According to forest cover, Normalized Difference Vegetation Index (short for NDVI) is the most 

commonly used as an indicator. The NDVI values of vegetation in the forest are usually between 0.3and 

0.5. The higher the NDVI value, the higher the vegetation density. The NDVI equation is as below: 
 

Where NIR represents the reflectance value of near-infrared and RED stands for the reflectance 

value of red band. 

http://glovis.usgs.gov/
http://earthexplorer.usgs.gov/
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Figure 4.4 Full list of Landsat8's bands. (from https://www.mapbox.com/blog/putting- 

landsat-8-bands-to-work/) 

 

The pixels whose NDVI values are between 0.3 and 0.5 remained the original NDVI values. Those 

pixels with NDVI values beyond 0.5 were set to be 1 for NDVI values while the pixels with NDVI values 

less than 0.3 were set to be 0. Consequently, the forest cover was calculated (Figure 4.5(a)). 

(a) Forest cover                                    (b) Water cover                             (c) Building cover 

 

Figure 4.5 (a) Forest cover of Guangzhou, (b) Water cover of Guangzhou, (c) Buildings cover of 

Guangzhou. 

 

NDWI (Normalized Difference Water Index) is the most commonly used index in detecting water. The 

NDWI of water areas is usually positive. The NDWI is calculated as below: 
 

Where GREEN and NIR stand for the spectral reflectance of the green and near-infrared bands 

respectively. The NDWI was set to 1 if greater than 0, and set to 0 otherwise. Thus, the water cover was 

calculated and shown in Figure 4.5(b). 

https://www.mapbox.com/blog/putting-landsat-8-bands-to-work/
https://www.mapbox.com/blog/putting-landsat-8-bands-to-work/
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Up to building cover, NDBI (Normalized Difference Buildings Index) is applied as an indicator. The 

NDBI is calculated as below: 

Where MIR and NIR are the spectral reflectance of the middle infrared and near-infrared bands 

respectively. The threshold was set to be zero. As a result, the building cover is shown in Figure 4.5(c). 

4.1.3 DEM processing 

A lot of terrain features can be accessed from the DEM data (Figure 4.6(a)), including slope, aspect, 

contour, watershed, etc. Among all of them, terrain slope seems to be the most important features for 

housing development. Places with slope greater than 14° are not suitable for housing development and 

the flatter the better. The terrain slope map was calculated using ArcGIS (Figure 4.6(b)). 

(a) DEM                                                                      (b) Slope 

 

Figure 4.6 (a) SRTM DEM data clipped by border of Guangzhou, (b) Terrain slope extracted from DEM. 

 

 

 

4.2 Criteria determination 

According to (Darlington Borough Council, 2013), two factors are needed when planning residential 

sites. Showstopper criteria, those that may prevent development completely, as avoiding existing or 

proposed biodiversity/geodiversity sites, geological hazard zone and protected drinking water sources 

zone. Assessment criteria, these could affect the suitability, design, layout and housing capacity of a site, 

as the accessibilities to the entertainment sites (Nicholls, 2001;Smoyer-Tomic et al., 2004) and the 

distance to public facilities, such as schools, hospitals, supermarkets and public transports (Hodgart,  

1978; Malczewski, 2011; McAllister,1976;Shen, 2002). Taking into account the available information 

and data processed previously, hazards, protected drinking water source, slope, forest, roads, water body, 
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existing buildings and distance to downtown were considered in this research (Table 4.1). General 

overview of the research, strategy is shown by way of a flowchart (Figure 4.8). 

 

 

 

                                             Table 4.1 Factors considered in this research 

 
 

 

 

 

4.3 Constraint maps 

4.3.1 Theory behind constraint maps 

Constraint maps represent different criteria which will not be considered as housing development 

sites in areas they represent. It is a kind of Boolean maps which is made up of ones and zeros. The pixels 

which have zero value stand for the areas which cannot be utilized. Namely, it is constraint. The pixels 

which have value one represent the areas which have no constraint and can be applied (Brandt, 2009). 

4.3.2 Constraint map generation 

To generate the constraint map, two conditions were considered. If no buffer areas were needed, just 

reclassify the original land use map by assigning the constraint class to zero and the rest of classes to one. 

In terms of forest cover, water cover and buildings cover, just assign the zeros to one and the ones to zero, 

as they are all constraint for housing development and need no buffer. If buffer areas were required, apply 

buffer analysis to the original land use map in ArcMap first. Then reclassify the buffer analysis result, 

with assigning pixels smaller than the buffer threshold to zero and to one otherwise. This process created 

a constraint map. 

4.3.3 Constraint areas 

As shown in Table 4.2, protected drinking water source, slope, forest, roads, water body and existing 

buildings constraint maps are needed in this research. 
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Table 4.2 Criteria of constraint maps 

 

 
 

 

In terms of slope, the slope gentler than 14 degree are suitable areas for house building while the 

slopes larger than 14 degree are not suitable unless they are changed into more gentle slopes according to 

the study of Gao and Qiu (2009). In terms of forest, water body and existing buildings, the houses going 

to be developed should not damage any of them. So they should be left alone. In terms of protected 

drinking water source areas, they definitely should be protected carefully, or it can cause serious 

problems for citizens living there. So, a safety zone about 500 meters from them is preferred. As for roads, 

it may be too dangerous to build houses by the side of main roads as threatened by traffic accident, so a 

safety zone of 200 meters is reserved. 

 

Based on the discussion above, all the constraint areas are set as shown in Table 4.2. And their 

constraint maps are shown in Figure 4.9 and Figure 4.10. Figure 5.1(a) shows the overlay of all the 

criteria constraint maps, which represent the total constraint of housing development. 

4.4 Factor maps 

4.4.1 Theory behind factor maps 

Factor maps represent different criteria which influence the suitability for housing development. The 

consecutive distances are usually made up of values from 0 to 255. The higher the value, the more 

appropriate the location for housing development (Brandt, 2009). 

4.4.2 Factor map generation 

In this research, two types of factor map need to be generated. A Euclidean distance calculation was 

performed to generate factor maps for distance to protected drinking water sources, roads and the 

downtown factor map. Then, based on the relationship between the suitability of housing development 

and the distance, suitable scores were calculated. To generate factor maps not related to distance, as slope 

factor map and hazards factor map, scores of suitability varies from 0 to 255 were calculated using the 

relationship between the suitability of housing development and the original data. The final factor map 

was created.
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4.4.3 Requirements for housing development 

As shown in Table 4.1, factors of hazards, protected drinking water sources, slope, roads and 

distance to downtown were considered. In terms of hazards, areas lower with geological hazard prone 

degrees are better suited for housing development. 

 

In terms of protected drinking water sources, distances to the protected areas is beyond 2 km were 

considered free from pollution and suitable for housing development. Otherwise, scores were 

determined by the distance to the protected zones. 

 

In terms of slope, lower slopes are better suited for housing development. In terms of roads beyond 

the constraint distance, closer is better. In terms of distance to downtown, closer is also better. 

On the basis of above, factor maps were generated as shown in Figure 4.11 and Figure 4.12. 

 

4.5 Multi-criteria Analysis 

4.5.1 Weight determination 

Several methods were commonly used to weight each factor. AHP, a pairwise comparison method, 

(Saaty, 1980), is the most popular method. First, a matrix is created, in which each value represents the 

degree of importance of a criteria in the row compared with the criteria in the column, on a scale from 

one to nine (see Figure4.7). Next, weight estimation is analyzed and applied to get a consistency ratio 

(CR) of each comparison. If CR is greater than 0.10, then pairwise values should be reconstructed. The 

calculation is done repeatedly until the CR is less than 0.10. The MATLAB scripts of this process are 

shown in Chapter7. As a result, the determined weights are calculated and shown in Table 4.3. 

 

 

 

 

 

4.5.2 MCA model 

To get the final housing development suitability map, a final step, aggregate the criteria using MCA 

model, is needed. The MCA model consists of the combination of constraint maps, the combination of 

factor maps and the combination of final constraint map and factor map. For the combination of 

 

Figure 4.7 Compare importances between every two factors. 

Table 4.3 Weights for each factor 

Factors Hazards Protected water Slope Roads Distance to downtown 

Weights 0.2103 0.1385 0.1008 0.2130 0.3374 
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constraint maps, which only have values of zero and one in them, simply multiplying them will work 

fine. For the combination of factor maps, a weighted linear overlay operation will be performed. The 

final suitability score S  can be calculated as follows: 

Where x iis the score of each factor, w i  is the weight of each factor, c i  represents the constraints, and N  is 

the number of factors.
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Figure 4.8 Flowchart (a) Data preparation, (b) Multi-criteria analysis. 
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Figure 4.9 Constraint maps for (a) water body, (b) terrain slope, (c) roads, (d) protected drinking water 

sources.

 

(a) Water 
 

(b) Slope 

 

(c) Roads 
 

(d) Protected drinking water sources zone 
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(a) Forest (b) Existing buildings 

 

Figure 4.10 Constraint maps for (a) Forest, (b) Existing buildings. 
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(a) Hazards 
 

(b) Slope 

(c) Distance to Roads (d) Distance to Cities 

Figure 4.11 Factor maps for (a) Geological hazards, (b) Terrain slope, (c) Distance to roads, (d) 

Distance to cities. 
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Figure 4.12 Factor map for distance to protected 
water. 
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5. Results  

The purpose of this study was to identify the most appropriate residential area in Guangzhou using 

the GIS base MCDA method. The MCA model was appropriately developed and the optimal spatial 

places have been selected. The results of the analysis are shown as one constraint map (Figure 5.1(a)), 

one factor map (Figure 5.1(b)) and the housing development suitability map (Figure 5.2).  

 

Figure 5.1(a) shows the constraint map generated from the multiplication of all constraints 

discussed previously. As described in the legend of the map, areas with value of 0 are not available for 

residence planning. The ideal locations for the settlement of the residents are green part, which is more 

possibly suitable for housing development. The maps wipe out the areas, which are unsafe and 

impossible for house building, such as the forests, the water bodies and the occupied areas by existing 

buildings. No housing construction should be allowed in vicinity of protected drinking water source and 

roads. In the constraint map, the suitable areas for housing development could be roughly divided into 

two parts, the northern part and the southern part. The southern part is larger than the northern part. 

(a) Constraint map                                                                           (b) Factor map 

 

Figure 5.1 (a) Constraint map: simply multiply constraints, (b) Factor map: linear combination of 

weighted factor maps. 

 

Figure 5.1(b) shows the factor map generated by linearly overlaying weighted factor maps. The 

scores describe the suitability of housing development by comprehensively considering the factors. It has 
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been sliced into different categories and colors to describe the degree of suitability. In consideration of 

the distance to the source of drinking water, the downtown area and roads, geological hazards, and the 

slope angle, the most suitable areas for housing construction is selected in the green. The most favored 

sites are areas close to the downtown area, road (not in the areas around within 200m) and the source of 

drinkable water (not in the areas around within 500m), with least geological hazards and gentle slope 

angles. The least favorite areas are steeper areas with more possibility of geological hazards, longer 

distance to downtown, roads and the source of drinking water.  

 

The optimum areas in the factor map could also divided into two parts, same as the suitable areas in 

the constraint map. However, the northern part in factor map (Figure 5.1(b)) is much smaller than the 

northern part in the constraint map (Figure 5.1(a)). 

 

Figure 5.2 shows the final housing development suitability map after combination all constraints 

and factors. The color green indicates most suitable areas, while orange indicates least suitable, other 

colors indicate intermediate states as shown by the legend of the map. The largest area optimal for 

housing development lies in the south of Guangzhou, as indicated by Figure 5.1(a) and 5.1(b).

 
 

Figure 5.2 Housing development suitability map. 
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6. Discussions 

In this study, the result was in terms of a single MCA method. Despite its efficiency and convenience 

for the users, the results produced by the MCA method might change if different criteria, weights of factors, 

or different methods are applied. For the validation of our results, we will firstly compare our results with 

the existing urban areas in Guangzhou and then discuss the selection of each factor and its weight, last but 

not least, the data quality. 

 

6.1 Comparison with the Downtown Areas of Guangzhou 

The most populated areas have most houses. The information of the distribution of houses is 

unavailable. Instead, we could use the information of population distribution as the indication. 

 

    From Figure 6.1, the districts had the population density much exceeding other districts were 

Yuenxiu, Liwan, Dongshan. These districts were in the old city core, which was founded around 2000 

years ago (Jim, C.Y. and Chen, W.Y., 2007). The new towns, including Haizhu, Tianhe, Fangcun and 

Liwan, having been developed after the 1980s, also had large population (Jim, C.Y. and Chen, W.Y., 2007). 

In comparison with the final results, we found that the most populated areas of Guangzhou, the downtown 

areas (Figure 6.2) overlapped with the green areas in Figure 5.2.    

 

This demonstrates that our choice for the sites of housing development is feasible. The distribution of 

Figure 6.1 The population distribution of 

Guangzhou. The red rectangle represents the 

urban areas as in figure 6.2. (Modified from 

http://www.anhuinews.com/zhuyeguanli/syste

m/2011/05/17/004046591.shtml) 

Figure 6.2 Map of Guangzhou showing the old city core and the 

surrounding new town areas (Jim, C.Y. and Chen, W.Y., 2007) 
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the downtown areas in Guangzhou is the result of city plan, which involved the analysis of the site selection. 

They are the suitable areas for housing development as demonstrated by the city planning, the history, the 

people and our results. From the similarity between the distribution of downtown areas and our results of 

site selection, for future housing development, we can see that the first choice could be the area near the 

developed areas or the empty spaces in those developed areas. 

 

6.2 The Criteria Selection 

 
In the determination of the optimal housing sites in Guangzhou, criteria selection is essential for the 

assessment. Multiple factors, such as the political policies on building, the population, the money need for 

the housing development, the distance to the roads and rivers and the weather, might have influence on the 

final decision. In our study, the weather is of minor influence, as the weather all over Guangzhou is suitable 

for living. The restrictions by the laws are overlapped with other factors, such as the distance to the roads, 

rivers and forests. Therefore, we take the distance to the roads, rivers and forests into account. Zhu and Liu 

et al. (2006) analyzed the housing development in the perspective of the buyers in Singapore. They used 

detailed factors such as accessibility to public transportation and shopping centers to make their decision. 

Those factors (Zhu and Liu et al., 2006) are considered also in our study, but we only consider them 

roughly. We include them in the overall factor as the distance to the downtown in our analysis. Unlike their 

study, our study considers more unchangeable and objective factors, such as geological hazards. Assuming 

we have enough money for the housing development, according to Darlington Borough Council (2013), 

two kinds of factors should be considered here. (1) Showstopper criteria, those that may prevent 

development completely, as avoiding geological hazards prone zone, protected drinking water sources 

zone, steep slope, lush forests, roads, water body and existing buildings. (2) Assessment criteria, these 

could affect the suitability, design, layout and housing capacity of a site, as the accessibility to the 

entertainment sites (Nicholls, 2001) (the distance to roads and downtown), geological hazards prone degree, 

steepness of the slope and the distance to protected drinking water sources zone. 

 

Notice that in real world, with limited amount of money, the cost of housing development on different 

topography, with different accessibility to facility must also be considered.  

 

6.3 The determination of weights 

 
The weights determination is another element affecting the final results. Zhu and Liu et al. (2006) 

decided the weight of factors by the questionnaire of the potential buyers. This questionnaire method might 

lack credibility when the investigated population is small, or within the same range of age, or have the same 

cultural or ethnic background. This method can hardly be applied in our study because of space and time. 

We used analytical hierarchy process (AHP), which is typical in housing sites selection, to determine the 

weights of our factors. The AHP method excels in decomposing complex decisions, and it allows the 

decision maker to incorporate uncertainties, objective and subjective considerations in the decision 

processes (Saaty, 1980).In our study, we used MATLAB script to realize AHP. Comparing the importance 

between every two factors, we got the weights in Table 4.3. 0.2103, 0.1385, 0.1008, 0.2130 and 0.3374 

were given to geological hazards prone degree, distance to protected drinking water sources zone, slope 

steepness, distance to roads and distance to downtown separately.
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Note that among all the factors, the distance to the roads and the distance to downtown are of greater 

significance than other factors. As shown in Table 4.3, the distance to downtown is more weighted than the 

distance to the roads, indicating that the downtown area is more attractive than roads for housing 

development. Thus, when selecting sites for housing development, areas near downtown but far away from 

roads will be considered.  

 

6.4 The Quality of the Data 

 
For the validation of the resullts, the data quality should also be considered.In fact, the data quality can 

have a large effect on the results. If the presicion of the data is too low, no results can be generated. In our 

study,the spatial resolution of the suitability map is 30 meters, which is also the spatial resolution of 

satellite images used in this research. And that means the area of each pixel is 900m
2
. For housing 

developments, that may not be detailed enough. But taking into account the total study area of this research, 

which is proposed for large-scale planning, the resolution is good enough to meet the requirements. If more 

detail of housing development site selection is needed, further research should be done with higher 

precision data and relatively small study areas 
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7. Conclusion and future perspective 

The result of this project shows that applying GIS-based MCA for housing development site 

selection is both feasible and effective. Having the final goal, housing development site selection, a set of 

constraints and factors are determined, then a MCA model was built to analyze all constraint maps and 

factor maps by giving them different weights, and to get the final housing development suitability map. 

In that process, many data processing technologies and AHP were applied. In the meantime, this research 

proved that, with the help of GIS and remote sensing technologies, the process of site selection and urban 

planning can be done in a more effective and scientific way. 

 

In the future studies, more criteria should be taken into consideration, a more objective criteria 

importance comparing process should be developed, more data and materials should be involved and 

more data processing technologies should be applied. Furthermore, with the experience of successful site 

selection and urban planning using GIS and remote sensing technologies, experts and decision makers 

can do their job more efficiently. Generally speaking, the aims of this research, selecting housing 

development sites using GIS-based MCDA methods, were achieved. Limitation and future perspective 

were discussed. The results can not only develop the resources in a sustainable way, but also maximize 

the profits of local government and people. 
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Appendix 

MATLAB script for AHP 

 
Source: program written by Da Wei and Yijie Ding, 2014, Sweden. 


