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Abstract 

Geographic Information System (GIS) technologies and remote sensing (RS) 

technologies have developed rapidly in recent years, and they have been widely used in 

daily life of ordinary people. The combination of these two remarkable technologies is 

useful for location decision making and has been applied in different kinds of study cases.  

 

Guangyuan is one of the fastest developing cities in the southwest of China. Especially 

after the Wenchuan earthquake in 2008, the development in economic and urban 

reconstruction increased rapidly. Many infrastructure constructions and the reform 

projects are in progress. At the same time, China's urban sewage treatment facilities are 

seriously inadequate. Only a small percentage of sewage has been treated by sewage 

treatment plants in China. So the purpose of this study is to select an optimal site for a 

sewage treatment plant in Guangyuan in a scientific way. 

 

In this particular study, based on GIS software and GIS-based multi-criteria analysis 

(MCA), a decision making model has been built for optimal site selection for a sewage 

treatment plant. Two types of data were used in this study. Digital elevation model and 

satellite image, several factor maps and constraint maps were created for the final analysis. 

The analytic hierarchy process was used to apply the weights for each factor along with 

formula method, in order to get the best result and find the optimal site. Finally, a MCA 

model has been made to be an example for future similar studies.  

 

In the end, an optimal site has been selected. Although aims are achieved in this study, 

there are still some limitations in different perspectives of the study. In the future, more 

precise data can be used in MCA studies, data limitations could be reduced with the 

development of RS techniques. In the future, more similar studies will be finished, which 

means more scientific papers can provide reliable references of determining the criteria 

and weights. 

 

Key words: GIS-based multi-criteria analysis, Site selection, analytic hierarchy process, 

formula method,  
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1. Introduction 

Environmental issues are caused by human activities, meanwhile the situation of the 

environment gets worse that leads detrimental influences against to human beings’ 

survival and development. Environmental issues include damages of the natural 

environment and environmental pollutions. The water pollution issue is getting worse 

recently, in order to solve the water pollution issue, building sewage treatment plant is a 

good way to treat polluted water. The study area is in southwest China, which is an 

important city in Sichuan province. As two major rivers flow through the city and the 

city locates in the upper stream of Jialing river, so it is very necessary to build a sewage 

treatment plant to treat waste water. 

 

1.1 Background 

Recent several decades, the urbanization caused a huge number of population all over 

the world (Sadik, 1999). The major issue caused by urbanization is the rapid growth of 

pollutions, like air pollution, water pollution and light pollution. Therefore, processing 

urbanization in a sustainable way is very important, the sustainable way of development 

is also very important for economic and social functions development. Past few decade, 

urbanization were processed in the traditional way based on biophysical data by using a 

hierarchical approach. But in another hand, the city changes very fast, which makes the 

traditional land use management methods are not suitable for modern urban planning. In 

order to process the urbanization in an efficient way, the methods of urban planning are 

needed to be updated (Pham, Yamaguchi & Bui, 2010). Urbanization in China has huge 

effects on physical environment and the cultural fabric. For instance the issue of 

pollution. Huge cities requires large amount of sources from the environment, large 

population with high-density living conditions can cause a lot of pollutions, but in 

another hand this kind of situation provides many opportunities for improving 

efficiency of energy usage (Seto, 2014).  

 

Especially after the Wenchuan earthquake in 2008, the economic development and urban 

redevelopment projects have been increasing rapidly. Many infrastructure constructions 

and reform projects are in progress by the massive support from National Development 

and Reform Committee. 26 million people will get the benefit from these projects. The 

post-disaster reconstruction generated in the form of point-to-point, which means one 

province provides asset and techniques to help one city in reconstruction. For example, 

Guangyuan has 744 corresponding aid projects, total amount is about 8.6 billion CNY 

there are 38 post-disaster reconstruction projects assisted by Hong Kong and Macao,  

with a total investment of 2.9 billion CNY. While reconstruction it should keep in 

harmony with the natural environment and human living environment, guarantee that 

the pollution emission is below the national standard.  

 

Another system promotes the development of the western part of China is the 

Development Campaign of the Western Regions (The Development Campaign of the 

Western Regions was launched in 2000 by the central government in order to develop 
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and modernize western part of China). The policy aims at filling the economy and 

development gaps between the richest areas in coastal regions and western part of China. 

Increasing foreign investment, emphasizing environmental protection and promoting 

education along with other particular ways are used to promote the economic 

development and modernization of western China.  Airports, railways, highways, 

high-tech zones and heavy industry parks are springing up under this policy. Along with 

these developments, the most vital problem is how to treat infection that discharged 

from all these projects. Considered environmental problems, the pollution treatment 

critically emphasized in the campaign; all developing projects should have least 

detrimental impact to the environment (Oakes, 2004). Except reducing the discharge of 

pollution, building more environmental protection programs is another principle of the 

development campaign. 

 

According to the prediction of Ministry of Water Resources, the population of China 

will reach 1.6 billion in 2030. The per capita water resource will be reduced to 1760m3, 

the total water volume deficit will reach about 40 billion m3 to 50 billion m3, which 

means the water shortage will less than the world-recognized water shortage warning 

value. From the view of geographical distribution, 81% of the total water resources 

shortage will be concentrated among the Yangtze River and southern part of the region. 

What is more severe is that almost 40% water shortage will be concentrated in five 

provinces of southwest of China. Water resources shortage in some areas will be a 

solemn problem to solve and will continue for a long time. Since reform and opening in 

1980s, the urbanization process accelerated rapidly in China, which means China has 

entered a period of rapidly development. Since 1992, China's urban wastewater 

emissions increased 5% every year. In 1999, it was the first time that urban wastewater 

emissions exceeded industrial sewage emissions. In 2001, the sewage emissions from 

municipal had reached 22 billion tons, which is around 53% of the total sewage (Li, Qin 

& Qin, 2012).  

 

At the same time, China's urban sewage treatment facilities seriously lag and inadequate. 

According to statistics, the current national annual sewage discharge is 35 billion m3, 

but only 15% has been treated by sewage treatment plant. According to statistics, there 

are 141 cities haven't built wastewater treatment plants, these cities mainly located in 

more serious water pollution parts of China. 72% of 1600 counties haven't built 

wastewater treatment plants, more than 17,000 towns do not have wastewater disposal 

facilities (Li et al, 2012). So it is very necessary to build sewage treatment plants to 

ensure more and more sewage can be treated before emission. The optimal site of a 

sewage treatment plant is critical, an optimal established wastewater treatment plant 

could protect the environment efficiently, and the economic and urban development can 

stay in a sustainable way. 

 

Focusing on treating pollution problems of main rivers is an excellent environment  al 

protection work in next five years of Sichuan government. Reducing pollution emission 

is in order to reduce the threat to drinking water, which could ensure that urban and 

rural drinking water is safe. Only if making an enormous effort in solving the prominent 
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environmental problems, the environmental situation in Sichuan will get better in the 

future. A decade ago, in Sadik’s study, he mentioned that the urban growth is inevitable 

over the next twenty years (Sadik, 1999). Along with the urban expansion, the 

environment will more or less be polluted. Kumar and his team said in their study that it 

was essential to making the urban development in a sustainable way (Kumar, Mukherjee, 

Sharma & Raghubanshi, 2009). At the meantime, the sewage treatment plants are 

severely inadequate in China. In order to treat a large percentage of sewage before 

discharging into rivers, building more sewage treatment plants in the optimal site is 

critical. Both the economic and urban development can be processed harmoniously with 

the environment.   

 

1.2 Aim of the research 

The aim of this study is to find the most optimal sites for sewage treatment plant by 

using the GIS-based Multi-criteria Analysis (MCA) approaches in Guangyuan, Sichuan, 

China. There are several purposes of this study as well. 

 

1. What are the factors or criteria that should be considered of selecting an optimal site 

for a sewage treatment plant?  

2. What areas are selected by the GIS-based Multi-Criteria Analysis (MCA) methods as 

appropriate places for a sewage treatment plant in Guangyuan?  

3. Would the GIS-based Multi-criteria analysis (MCA) method be a common and useful 

tool for the future urban planning in China? 

4. Because of the lack of study of optimal site selection of sewage treatment plant in 

China by MCA method, the aim of this study is to build a new way of optimal site 

selection of sewage treatment plant in China and could be used as a stud y example for 

future studies. 

 

1.3 Study area 

Guangyuan (32°26’N, 105°49’E) located in the northern part of Sichuan province, it 

adjacents with Shanxi province and Gansu province, it is called the north gate of Sichuan. 

The climate is subtropical humid monsoon climate. As the landform, high mountain 

terrain in the north and southern parts are lower hills. Altitude is between the lowest of 

352 meters and highest of 3837 meters. The city has a water area about 158 hectares; the 

total water resource is around 6.9 billion m3, and the total groundwater resource is about 1 

billion m3. Coal reserves of 464 million tons, and natural gas reserves is expected to more 

than five trillion m3. 
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Figure 1.1: Maps of study area  

(Note: Figure (a) shows Location of Sichuan province, figure (b) shows the location of 

Guangyuan.) 

 

Guangyuan has a history over 4000 years, with its magnificent scenery and landscapes, 

many historical and cultural heritages remain in the city. And it is also nurtured and 

attracted lots of well-known grand people. Nowadays Guangyuan just named the best 

tourism city, and already built eight national 4A level scenic spots, which has rich flora 

and fauna resources. Downtown district of Guangyuan is the study area, which 

surrounded by mountains. Jialing river and South river flow through the city and the 

South river run into Jialing river in this area.  

 

As the rivers considered in this case, the first one is South river that flow into Jialing 

river in Guangyuan. This river is called mother river of the city, flow through the city 

from east to the west. Recent years, water is reducing year by year, the water 

self-purification ability is abating and the water quality is on the decline. Sometimes in 

summer, South river pools an abundant of garbage and floater, the river turns black and 

stunk, citizens have complained a lot about this situation. Another river is Jialing river, 

it is the most major tributaries of Yangtze river. The Yangtze river is the most important 

source of life and prosperity for China in last thousands of years. And it is full of 

different variety of aquatic species.  

 

Recent years, the river was polluted by massive amounts of urban wastewater, 

agricultural effluents, and industrial sewage as well. We all get the benefit from the river, 

such as transportation, hydro-power resources and drinking water resources. It is very 

necessary to treat the pollution problem in an easy way (Tilman et al, 2013). As the 

most significant tributary of Yangtze river, Jialing river has a total length o f 1119 km, 

the basin area is about 16 km2 (Huang, Wei, Ji & Tang, 2012). And it suffers a lot from 

different kinds of pollution as well, all kinds of industrial wastewater and dumping 

trashed reckless to river in considerable quantities, make the original Jialing river water 

has been contaminated worse. So building sewage treatment plant in various cities along 

the river is vital important, and Guangyuan is one most important cities in the upper 

stream of the river, this study is trying to select an optimal site for sewage treatment 

plant in Guangyuan. 

 

 

 

(a) (b) 
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1.4 Organization of the thesis 

There are six chapters of the thesis that follows by IMRaD format. Figure 1.2 shows 

below is a simple diagram of the structure of the thesis. First of all is introduction, which 

introduced the background of the study, the aims of this research, the study area and 

organization of the thesis. Secondly is literature study, reviewed related papers to find the 

scientific support and the theories behind the methodology. The third chapter is explains 

the data acquirement, software, the approaches of the data process and also the 

determination of criteria and two ways of determine weights are key parts of this chapter. 

The next chapter is result and discussion, building the GIS-based MCA model is the most 

important part of the whole study. In this chapter, the result is introduced and the 

limitations are discussed. The fifth chapter is a conclusion of the whole study and list few 

possible improvement of this kind of study in the future. Last but not least, the following 

chapter presents all the references of this thesis. Other factor maps, constraint maps and a 

detailed screenshot of script represented in the Appendix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2: The structure of the thesis 

Introduction 

Previous works 

study 

Data processing 

Result & discussion 

Conclusion & Future works 

References Appendix 

Background study 

Factor maps Constraint maps 
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2. Literature study 

Nowadays, remote sensing (RS) and geographic information system (GIS) are two 

important techniques for data collecting and managing, and they have been widely used 

in a broad range of geolocation-related studies. GIS is a computer-based system and deals 

with geographic issues, and geospatial data is used to analyze in this system (data with its 

location information, such as longitude, latitude, altitude). A GIS system has a full 

process from gathering data, processing data and visualization. Along with them, lots of 

new methods are being rapidly developed to satisfy the needs of scientific projects. Along 

with these new methods, multi-criteria analysis (MCA) is one of the best methods for 

decision makers to make a systematic and scientific decision after considering multiple 

factors derived from abundant geospatial data (Strager & Roesenberger, 2006). Deciding 

an optimal facility location is a multi-criteria decision method, which has been widely 

used in both private and public organizations, in order to choose the optimal location and 

relocate operation sites (Yang & Lee, 1997).  

 

Because of the contribution of GIS technology, different kinds of factors can be taken 

into account when decided to make a project work. Natural factors and human-caused 

factors are two main aspects of factor compensation, which could make the model more 

efficient and accurate. Furthermore, along with the development of GIS technology, 

multi-criteria analysis (MCA) is becoming more and more popular in GIS processing for 

designing models (Tims, 2009). MCA is a kind of technology used to make decisions, and 

those decisions are usually affected by complex factors. MCA is often used in large 

projects where the decision makers have many options or criteria to consider, and the 

outcome may be very different depending how the criteria are evaluated. The aim is to 

weight different criteria against each other and combine them so that the best possible 

solution can be found. 

 

Traditional ways of site selection, it related with the general of the city planning, urban 

drainage system and the direction of the sewage discharge. The traditional thinking 

considers that sewage is harmful, so usually let the sewage highly centralized treated 

and discharge the sewage out of the city as soon as possible. Traditional p reparation 

process, sewage treatment plants are usually placed in the downstream of the river or 

city suburb. Locating in this kind of place, the processed sewage discharged directly 

into the downstream river, which could avoid polluting the water in upstream of the 

river (Ma, Zhou & Sun, 2006). Traditional method of site selection has a disadvantage 

that is treated water cannot flow back into the city for some useful purposes, which 

could waste lots of water resources. In 21st century, the way of site selection should 

have some new idea. A suitable scaled sewage treatment plant in appropriate locations is  

crucial. Combining with consideration of city's functional zoning, industrial and 

agricultural distribution (Ma et al, 2006). 

 

Many studies have used GIS-based multi-criteria analysis for site selection. For site 

selection, based on different geographic features, GIS could do several works like 

integration, visualization, management and analysis, it could find useful information 
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from a large amount of data; it is a valuable tool for optimal site selection and natural 

decision making (Cheng, Li & Yu, 2007). In 1997, Gordon and his colleague were using 

GIS techniques to select the location of public health service (Gordon & Womersley, 

1997). Hare and Barcus were using the geographical distributions of heart-related 

hospitals along with travel times to figure out the accessibility of heart-related hospitals 

in Kentucky (Hare & Barcus, 2007). In 2008, a study of selecting optimal site for the 

supermarket has been done. In this study, it discussed the main factors affecting the 

supermarket location and the methods for determining the location. In the study, 

geographic information system (GIS) as analysis platform for analysis and neural 

network analysis is also introduced in this study (Wei, Qin, Guo & Lu, 2008).  

 

A study introduced by Chuvieco & Congalton in 1989. In their study, GIS and remote 

sensing are used to develop a forest fire hazard map of a small area in Spain. In their 

study, they got high resolution satellite images from Landsat TM to classify vegetation 

and some other objects. There are five influencing factors are considered in the study, 

they are vegetation species, elevation, slope, aspect and roads. The rank order according 

to the importance of the factors is vegetation, slope, aspect, proximity to roads and 

elevation (Chuvieco & Congalton, 1989). From this study we can say that ve getation 

species is a very important influencing factor for optimal site selection. 

 

Another case study performed by Yildirim, Nisanci and Reis in 2006. It is about 

selecting area in Trabzon situated at the black sea region of Turkey. The aim is to find 

the optimal path for a pipeline from Macka County to Bulak village (Yildirim, Nisanci 

& Reis, 2006). In order to fit the optimal path analysis, it should be considered many 

different factors. Especially the distance between two points, and other factors such as 

slope, land-use, geology, landslide, streams, soil, administrative boundaries, roads and 

tourism. In the final analysis, another least-cost analysis was also included in the final 

result. After this study, it provides a new and different way to determine the optimal 

path between two locations.  

 

GIS-based site selections have been widely used recently in China. In 2009, Gao and 

Qiu did a research of siting evaluation of resort areas in Nan Kun mountain. Seven 

factors were considered in the study, they are national policy and regional planning, 

slope, climate, aspect, transportation and vegetation coverage, they are analyzed and 

weighted, the result shows perfect locations for resort areas (Gao & Qiu, 2009). Chen 

and Mao used three major factors, they are distance to major water body, identified 

slopes and land use types. Those three factors were modeled and reclassified, the areas 

with high possibility was marked in black, which represents the best locations for 

constructing a municipal solid waste landfill (Chen & Mao, 2013). 

 

Church said in 2002, more and more site selection application will be performed in the 

future and the relationship with GIS will be closer (Church, 2002). This conclusion 

based on the specialization of GIS technology, the spatial data collection, process. More 

over these functions, GIS software supports spatial data analysis, which could be 

applied in many traditional location selection analysis. For instance, GIS visualization 
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could simplify massive data and realize interactions between project target and decision 

makers’ demands. In this way the decision makers could easily to make a reasonable 

and scientific decision (Hernández, 2007). Another case depends on the powerful 

graphic representation of GIS technology, along with efficient data organization and 

mass spatial data analysis, GIS-based technology plays a very important role in optimal 

commercial facility site selection. More cases are done by GIS-based technology make 

GIS become one of the most popular visualization platform site selection studies (Wei, 

Qin, Guo & Lu, 2008) 

 

As mentioned above, both remote sensing and GIS techniques are perfect tools for site 

selection and land use by managing them in an accurate and efficient way. The advantage 

of using GIS-based MCA is that it is an open and resettable analysis process. The 

weights can be changed by the time in different situations, and determine of weights is 

changeable during different situation as well. The more important reason for using MCA 

to do the optimal site selection is the result can be directly used for making decisions in 

the next researches or upcoming cases.  
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3. Methodology 

The methodologies mainly based on GIS-based multi-criteria analysis. Digital elevation 

model and satellite image are used as the study basic data. And several software are 

used in the study, like ENVI, Arcgis, Matlab. They are used in different approaches for 

classifying land use map and calculating the weights of factors.  Factor maps and 

constraint maps are generated of this study. AHP and formula method are performed to 

determine the weights of each factors. Finally a result was generated by the MCA model. 

The detailed methodologies of this study will be introduced in this section.  

 

3.1 Software and data acquirement 

There are four main kinds of software were used in this project. They are ArcGIS 10.1 

tools, ENVI 4.8, IDL 8.0 and MATLAB script for Analytic hierarchy process (AHP) as 

briefly introduced as follows. ArcGIS 10.1 tools, developed by the Environmental 

System Research Institute of USA, is a set of tools that used for creating maps, linking 

attribute information with location, visualize and share geographic information and 

maintain a geographic information in a database. ArcMap 10.1, the vital application of 

ArcGIS 10.1 tools, is mainly used for mapping, analyzing and visualization. In this case 

study, ArcMap is used for digitization and classification of land use, and to generate maps. 

ArcCatelog of ArcGIS 10.1 tools is used to organize and manage spatial data. 

 

ENVI (an acronym for ‘Environment for Visualizing Images’) is the most popular 

software application that used to analyze geospatial imagery, which is developed by 

Exelis Visual Information Solutions (Exelis VIS). Exelis is a branch company of ITT 

Exelis, which is applied a lot in remote sensing professional analysis. It was developed 

with amount of scientific algorithms for image processing and analysis. Most important 

thing is the software is automaticly. IDL (Interactive Data Language), which is also 

developed by Exelis Visual Information Solutions (Exelis VIS). IDL is a powerful 

programming language for data analysis. Some particular science fields use IDL a lot, for 

instance astronomy and medical imaging. 

 

AHP is the abbreviation for Analytic hierarchy process. It was developed by Saaty in 

1977 and used to make the complex decision. And in MCA, it is used to calculate weights 

for each criterion which influencing the consistency ratio of weights at the same time. 

The AHP's principle is to evaluate every criterion and option by their relative importance. 

In this case study, MATLAB script is used to realize AHP. And formula method as 

performed to determine the weight in order to get a compared result. 

 

Three categories of data were used in this study, DEM (digital elevation model), satellite 

image and vector data from the internet. Digital elevation model (DEM), as a simple data 

structure to represent complex landscape (Chaplot et al, 2006), is attracting increasing 

attentions. The DEM data used in this study is Advanced Spaceborne Thermal Emission 

and Reflection Radiometer (ASTER), which is available at United States National 

Aeronautics and Space Administration (NASA), as shown in Figure 3.1(a) in the. 
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ASTER GDEM is very simple to use with highly accurate DEM of the landscape of our 

planet and is available to all users for their primary studies and researches. The first 

version of the ASTER GDEM was released in June 2009. ASTER GDEM covers a range 

from 83 degrees north latitude to 83 degrees south, 99 percent of the earth's landscape 

was collected. 

 

  

Figure 3.1: Two types of data of Guangyuan  

(Note: Figure (a) is the DEM data, Figure (b) is the Satellite image.) 

 

Satellite image is of vital importance for land use classification. It can provide updated 

and detailed land use information, which is very useful in various studies, as is shown in 

this study. Among those satellite images for land use classification, Landsat TM images 

are the most commonly used. On July 23, 1972 the Earth Resources Technology Satellite 

was launched. This was eventually renamed to Landsat (Short, 2011). Among the set of 

satellites of Landsat program, Landsat 7 and Landsat 8 are the two satellites that are still 

on service (Landsat 5 retired in 2011). Since December 2005, the Landsat 7 images are 

available for download free of charge, but in 2003, the scan line corrector failed, 

resulting in gaps (strips) in the images. Though the gaps, where the data is missing, can 

be removed using software (e.g., ENVI), the quality of Landsat 7 images are significantly 

reduced. Landsat 8, carrying an operational land imager (OLI), was launched in February 

2013, introducing two new spectral bands, deep blue band for coastal water and a band for 

cirrus cloud detection. Landsat 8 images are available for download 

(http://glovis.usgs.gov or http://earthexplorer.usgs.gov) free of charge. Landsat 8 images 

are of higher quality compared with Landsat 7 images. So in this study, a set of cloud-free 

Landsat 8 images covering Guangyuan (as shown in Figure 3.1(b)) was downloaded. The 

detailed information of the DEM data and satellite images was shown in Table 3.1. 

 

Table 3.1: Detailed information of the data 

Data Source Format Resolution Spatial Reference 

DEM ASTER GDEM GeoTIFF 30M GCS_WGS_1984 

Satellite Image Landsat 8 GeoTIFF 30M WGS_84_UTM_zone_49N 

 

The main roads in Guangyuan is also important in this study. And they should be 

digitalized from existing map or satellite images. All those tasks, which can be 

labor-intensive, can be done using ArcGIS. As an alternative, the main roads shapefiles 

can be downloaded from the internet: http://www.fas.harvard.edu/chgis/data/dcw/.

(a) (b) 

http://glovis.usgs.gov/
http://www.fas.harvard.edu/chgis/data/dcw/
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3.2 Data fundamental processes 

3.2.1 DEM data processing 

In this study, Building Sewage Treatment Plants, slopes and altitude are two important 

aspects that should be taken into consideration. Basing on DEM data, Slope map (Figure 

3.2(a)) and altitude map (Figure 3.2(b)) are generated by the function of spatial analysis 

and reclassification in ArcMap separately. 

 

  
Figure 3.2: Two maps generated by DEM 

(Note: Figure (a) is map of slope, figure (b) is the altitude map.) 

 

3.2.2 Satellite images processing 

In order to digitize the land use map, the supervised classification is not suitable for this 

study. There is one better method to perform digitization, which is using indexes (e.g. 

Normalized Difference Vegetation Index). In this way, different kinds of land use maps 

can be generated separately. Figure 3.3 shows the full list of Landsat 8's bands. Totally 

there are 11 bands. Some of them are shortest wavelengths (bands 1- 4 and 8) sense 

visible light - all the others are in parts of the spectrum that are invisible. Bands 2, 3, and 

4 are visible, they're blue, green, and red. Band 5 represents the near infrared or NIR. 

Bands 6 and 7 represent different slices of the shortwave infrared or SWIR. Band 6 is also 

called middle infrared or MIR. 

 

 
Figure 3.3: Full list of Landsat 8’s bands 

 
In terms of vegetation cover (e.g. forest, agricultural area), NDVI (Normalized 

Difference Vegetation Index) is the most used indicator. Vegetation areas often have NDVI 

values between 0.2 and 0.5, or even higher, which indicate a higher vegetation density. 

The NDVI is calculated as equation 1: 

NDVI = (NIR-RED) / (NIR+RED)                         (1)       

(a) (b) 
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Where RED and NIR stand for the spectral reflectance measurements acquired in the 

visible (red) (Band 4 of Landsat 8) and near-infrared (Band 5 of Landsat 8) regions 

respectively. The calculated NDVI map was shown in Figure 3.4(c). Then a threshold 

segmentation operation was applied to these NDVI values, with the limit set between 0.2 

and 0.5, and those pixels whose NDVI values are greater than the threshold set to 1 or 0 

otherwise. And so the vegetation cover calculated as shown in Figure 3.4(d). In terms of 

water cover, similar with forest cover, NDWI (Normalized Difference Water Index) is the 

most used indicator. Water areas often have NDWI values greater than 0. The NDWI is 

calculated as equation 2: 

 

NDWI = (GREEN - NIR) / (GREEN + NIR)                (2) 

  

Visible (green) (Band 3 of Landsat 8) and near- infrared (Band 5 of Landsat 8) regions 

respectively. The calculated NDWI map was shown in Figure 3.4(e). The setting of 

threshold segmentation of NDWI is like this: set to 1 if NDWI greater than 0, set to 0 

otherwise. The calculated water cover is shown in Figure 3.4(f). In terms of building 

cover, NDBI (Normalized Difference Buildings Index) is the most used indicator. The 

NDBI is calculated as equation 3: 

 

NDBI = (MIR - NIR) / (MIR + NIR)                    (3) 

 

Where NIR and MIR stand for the spectral reflectance measurements acquired in the 

near infrared (Band 5 of Landsat 8) and middle- infrared (Band 6 of Landsat 8) regions, 

respectively. The calculated NDBI map was shown in Figure 3.4(a). Setting the threshold 

to 0, and the threshold segmentation result is shown in Figure 3.4(b). Based on the 

different type land cover, different strategies were applied in this study. And to do that, 

constraint maps and factor maps should be generated basing on the land use maps. 

 

  
Figure 3.4: Maps show six categories of land use  

(Note: Figure (a) shows NDBI, figure (b) shows buildings.) 

 

 

 

 

 

 

 

 

(a) (b) 
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3.3 Determination of criteria 

Criteria are very important in this project, and in this section, different criterion is going 

to be determined. During this process, I got tremendous support of two professors from 

China. Professor Yu, who has designed several sewage treatment plants for various cities 

with her group, is working at Environmental Protection Science Research Institute of 

Sichuan Province. For example, they designed the plants in Leshan and Qingchuan. 

These two cities are similar with Guangyuan, especially in population and landscape. 

They all have big rivers flowing through the city, and they all located in the upper stream 

of Jialing river. She provided two design documents for me and told me what kinds of 

criteria are taken into consideration in their projects. The other big help comes from 

Professor Chen, who works in Bureau of Water Supply and Drainage of Guangyuan. He 

gave me his opinion about the criteria based on his previous work of a small sewage 

treatment plant. Based on the opinion of these two professors and the data recourse, 

criteria considered in this project are shown in Table 3.2. 

 

Table 3.2: Factors considered in this research 
 

 

 

 

 

 

 

3.4 Generation of constraint map and factor map 

Constraint maps are created to determine the criteria that are constraints to the sewage 

treatment plant. It is a sort of Boolean map, each pixel has a unique value with 1 or 0. 

Pixels with value of 0 represent the areas are not possible to be the optimal sites. On the 

other hand, Pixels with the value of 1 means the areas that may be the optimal sites. 

Factor maps represent the criteria that will affect the optimal site selection. Each pixel has 

a value from 0 to 255 which the value represents the suitability of each pixel to be the 

optimal site (Kordi & Brandt, 2012). Higher value represents higher suitability of the 

areas for building the sewage treatment plant. 

 

3.4.1 Constraint map 

Three steps totally for generating a constraint map. First step is recoding the value of each 

pixel and create a Boolean map based on the land use map. Some criteria has buffer, so  

assigning the constraint area and its buffer area to 0 and the pixels out of the buffer to 1. 

Oppositely, if it doesn’t have any buffer, the constraint map could be created by just 

assigning the constraint area to 0 and other area to 1. Secondly, the search function is 

applied to find the buffer areas around the constraint area. But this step leads the image 

with more than one class. For instance, set the searching distance of two pixels, then the 

result image would have four classes which from 0 to 3. Class 0 was the basic constraint 

Elements Way of influence 

Altitude Constraint 

Existing buildings Constraint and factor 

Roads Constraint and factor 

Vegetation Constraint and factor 

Water body Constraint and factor 

Slope Constraint 
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class, classes from 1 to 2 are the buffer area, and class 3 is a possible area. Last but not 

least, final step is to recode the image again, assigning classes 0-2 to 0 and assigning class 

3 to 1 to get the final constraint map. 

 

Table 3.3: Constraint maps settings 

 

Table 3.3 summarized the constraint maps settings. Figure 3.5 shows in page 17 two 

results of the process, other constraint maps are shown in Appendix. All these constraint 

maps and their settings are discussed in detail bellow: 

 

• Slope constraint map: usually the plants are needed to be built in a flat area, but this 

is a sewage treatment plant, it needs a little bit slope for drainage. 5-20 degrees is the 

best slope range for building a sewage treatment plant. 

• Altitude constraint map: the altitude of study area is between 300m - 900m, there are 

two things should be considered. First is the plant should locate above the highest 

flow peak of Guangyuan history, it is about 350m. Secondly, it should not be too high 

to extract the sewage from the city pipe network. So 350m - 500m is the best range for 

altitude. 

• Existing buildings constraint map: the sewage treatment plant should get far away 

from the urban area, the general buffer for the urban area is about 150. This distance 

could keep the smell away from people. 

• Vegetation constraint map: the sewage treatment plant should locate away from 

agricultural area and forest area about 100m, in order to protect the crops from the 

pollution, especially the heavy metal in sewage. 

• Water body constraint map: in some cases, they build sewage treatment plant near the 

river, which is convenient for drainage and save cost. But in this case, Guangyuan is  

in the upper stream of Jialing river, the water quality effects millions of people, so I 

think the plants should not be located near the river, locate 100m away from the river 

for safety. 

• Roads constraint map: the sewage treatment plant should get a far away from roads 

for safety and pollution reasons, the general buffer for roads is about 50. This distance 

could keep the smell and pollution away from people driving or walking along the 

street. 

 

Constraint 0: forbidden; 1: allowed 

Altitude Altitude between 350m and 500m: 1; otherwise: 0 

Existing buildings Inside 150 meters buffer zone: 0; outside: 1 

Roads Inside 50 meters buffer zone: 0; outside: 1 

Vegetation Inside 100 meters buffer zone: 0; outside: 1 

Water body Inside 100 meters buffer zone: 0; outside: 1 

Slope Slope between 5 degrees and 25 degrees: 1; otherwise: 0 
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Figure 3.5: Two constraint maps  

(Note: Figure (a) is the altitude constraint map, figure (b) is the buildings constraint map.) 

 

3.4.2 Factor map 

Factor map represents different criteria that could influence the site selection of a sewage 

treatment plant. It is represented using consecutive distances, and each pixel get the value 

from 0 to 255. Higher value means higher poss ibil it ies for the location to build a sewage 

treatme nt plant (Kordi & Brandt, 2012). Generating a factor map is a little bit more 

difficult than generating a constraint map. There are four steps to generate a factor map. 

The first step is the same as generating a constraint map. Secondly, determine the buffer 

areas, such as the buffer created in the constraint maps. Next step is linearly stretching the 

image to cover 256 grey levels. Using the inquire box to check the value trend of the 

buffer area to ensure it met the requirement, Last but not least, clip the constraint area by 

multiplying the corresponding constraint maps to get the final factor map. The settings of 

factor maps are discussed below and summarized in Table 3.4. Figure 3.6 in page 18 

shows two factor maps got from the process mentioned above, others are shown in 

Appendix. 

 

Table 3.4: Factor maps settings 

Factors Settings 

Existing buildings The further away from the urban area (>=150m), the better 

Roads The closer from the roads buffer (50m), the better 

Vegetation The further away from the vegetation area (>=100m), the better 

Water body The further away from the water body (>=100m), the better 

 

• Existing building factor map: already has a buffer of 150m, so out the buffer, it is 

better to build the plant away from the residential area. It means the further from the 

urban area is better. 

• Road factor map: because of the plant need huge number of pipes underground, it is 

not suitable to build too far from the roads buffer. The closer to the roads buffer is 

better. 

• Water body factor map: in some cases, they build sewage treatment plant near the 

river, which is convenient for drainage and save cost. The plants should not be located 

near the river, locate further from the river is better from a safety perspective. 

• Vegetation constraint map: the sewage treatment plant should locate away from 

agricultural area and forest area at least 150m, in order to protect the crops and natural 

vegetation from the pollution, especially the heavy metal in sewage. It means further 

away from vegetation area is better. 

(a) (b) 
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Figure 3.6: Two factor maps  

(Note: Figure (a) is the roads factor map, figure (b) is the urban factor map.) 

3.4.3 Determination of weight – AHP 

There are several methods for weight determination of each factor.  Among them, a 

pairwise comparison method, analytical hierarchy process (AHP) (Saaty, 1980), is the 

most widely used one. First of all, a matrix is constructed, where each criterion is 

compared with the other criteria, relative to its importance, on a scale from 1 to 9, as 

shown in Figure 3.7. Then, a weight estimate is calculated and used to derive a 

consistency ratio (CR) of the pairwise comparisons. If CR > 0.10, then some pairwise 

values need to be reconstructed, and the process is repeated until the desired value of CR 

< 0.10 is reached. The implementation of AHP as MATLAB script is shown in Appendix. 

Using this script, the weights of each factor was calculated and shown in table 3.5 in page 

19 with the comparison of another way of determine the weight. 

 

 
Figure 3.7: Comparison importance between every two factor s 

 

3.4.4 Determination of weight – Formula method 

Another weight determining method was performed to get the weights of each factors. 

The formula method that was chosen in the study, it is a basic method to get weight for 

each characters. In equation 4, the  is the mean value,  is the standard deviation,  

is the evaluation standard, which is 128 because each factor is normalized from 0-255. 

 

                         (4) 

 

After calculate the weights of each factor and then normalize them again by the equation 

5. The weights of each factor was calculated and shown in table 3.5 in next page. 

 

                             (5) 

 

 

 

 

 

(a) (b) 
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Table 3.5: Weights for each factor calculated by AHP and formula method 

Factors Roads Urban Vegetation Water body 

Weights (AHP) 0.1059 0.1636 0.2829 0.4476 

Weights (FM) 0.4696 0.1506 0.0984 0.2814 

 

3.5 MCA model 

The MCA model can be concluded with three parts. First part is to combine the constraint 

maps to get a final constraint map. Second part is to combine the factor maps to get a final 

factor map. Last but not least, the final result is a combination of final constraint map and 

final factor map. As for the Boolean overlay operations, the equation for generating the 

final constraint map is shown below. The constraint map is easily to generate because the 

value of each pixel is 0 or 1, just multiply those constraint maps together. 

  

                           (6) 

 

As the factor map, pixels with different value from 0 - 255, the final factor map is a 

weighted linear combination of factor maps, an equation shows below to explain how to 

get the final factor map.                    

 

                                              (7)                               

 

Where S is the suitability to the sewage treatment plant location, xi is the factor scores, wi 

is the weights assigned to each factor and N is the number of factors. After the final factor 

map and final constraint map are generated, the GIS-based MCA process can produce the 

final result by multiplying final constraint map with final factor map. Figure 3.8 shows 

an overview of GIS-based MCA model, which ‘C_map’ means constraint map and 

‘F_map’ means factor map. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: A flowchart shows the overview structure of a GIS-based MCA model 

C_Altitude 

 

C_Water 

C_Buildings 

 

C_Roads 
 

C_Vegetation 

 

Overlay Constraint map 

Result 

F_Urban 

F_Roads 

F_Water 

F_Vegetation

 

Weighted 
linear 

combination 

C_Slope 

Factor map 



 

20 

 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
Leave blank 



 

21 

 

4. Result and discussion 

The aim has been achieved that optimal locations have been selected. One constrain 

map, two factor maps and two final results are generated in this study. The MCA model 

was successfully built and the optimal location was selected. Although the study is 

finished and get an optimal site, there are also many limitation need to be pointed out 

and there are still lots parts of the study needed to be improve in the future study. 

 

4.1 Final result 

As Figure 4.1 shows the final constraint map that created by multiplying constraints. As 

the legend shows in the map, areas having value of 0 are constraints for a sewage 

treatment plant development, areas having value of 1 are possible locatio ns for building 

a sewage treatment plant. Figure 4.2(a) shows the final factor map, which is generated 

by linearly overlaying weighted (AHP) factor maps. The scores in the legend represent 

the suitability of a sewage treatment plant development by comprehensively considering 

the factors. And Figure 4.2(b) in shows another factor map generated by linearly 

overlaying weighted (Formula method). 

 

  
Figure 4.1: The final constraint map  

(Note: Figure (a) show the final constraint map, figure (b) is the detailed constraint map 

after room in) 

 

  
Figure 4.2: Two final factor maps 

 (Note: Figure (a) shows final factor map generated by AHP, figure (b) shows final 

factor map generated by formula method.) 

 

 

 

 

 

 

(a) 

(a) 

(b) 

(b) 
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The final result 1 is shown in Figure 4.3(a), which is generated by final constraint map 

and final factor map (AHP). From the color green to red represent the increasing 

possibility of building a sewage treatment plant. Figure 4.3(b) shows more detailed 

result after zoom in.  

 

  
  Figure 4.3: Final result map No.1 with AHP method  

(Note: Figure (a) is the overview of result, figure (b) shows the detailed result.) 

 

As shown in Figure 4.4(a), the optimal site for a sewage treatment plant was selected in 

the red area. The red area is located in the downtown of Guangyuan, besides the lower 

stream of Jialing river and maintained an appropriate distance from urban are and forest.  

Another final result is shown in Figure 4.4(a), which is generated by final constraint 

map and final factor map (Formula Method). From the color green to red represent the 

increasing possibility of building a sewage treatment plant. Figure 4.4(b) shows more 

detailed result after zoom in.  

 

   
Figure 4.4: Final result map No.2 with formula method  

(Note: Figure (a) is the overview of result, figure (b) shows the detailed result.) 

 

As the figure 4.4 shows, the second final result choses several locations for sewage 

treatment plants. The optimal location shows in result No.1 is also showing in final 

result No.2. So the location shows in final result No.1 is the optimal site for a sewage 

treatment. But there are other locations shows in final result No.2, from this perspective, 

AHP is better than Formula Method to determine the weights of factors. Besides 

determining an optimal site for a sewage treatment, more important is an MCA model 

has been built for future work of optimal site selection for sewage treatment plant, as 

there are few studies about GIS-based Multi-criteria Analysis in China, this study 

should be an example for future study. 

 

 

(b) 

(b) (a) 

(a) 
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4.2 Discussion about limitations 

In this study, the final result was generated by a MCA model, this way of determination 

optimal location of a sewage treatment plant is new in China, and it is efficient and 

repeatable. The criteria and weights of factors can be changed by the time or specific 

requirements of different kinds of sewage treatment plants. Comparing with other 

traditional ways of choosing optimal site of sewage treatment, more criteria can be 

considered in the study, and the rank order of weights are determined from a scientific 

perspective by AHP method and formula method. There are still some weaknesses in 

this study and needed to be improved and fixed in the future work. Totally there are two 

primary deficiencies in this research, they are limited data quality, the determination of 

criteria and weights. 

 

4.2.1 Data quality limitation 

First of all is the data quality limitation, which leads a quiet accuracy of data process. 

Even in some developed area of China, the GIS development is still weak. Some 

underdeveloped area like Guangyuan, the lack of GIS and remote sensing development 

is apparent. The resolution of DEM and satellite image is 30m*30m, so the spatial 

resolution of the suitability map is 30 meters. And that means the area of each pixel is 

about 900m2. As building a sewage treatment plant, which is might be not detailed 

enough for some particular work, like the layouts of pipes, sewage ponds or car parking 

lot. But as a standard sewage treatment plant is more than 900m2, taking this into 

account the total study area of this research, the resolution is good enough to meet the 

requirements for large scale study. In the future, if government plans to build some 

small scale sewage treatment plants, in that case higher precision data should be used to 

meet the requirements of small study areas. 

4.2.2 Criteria and weight determination 

The limited number of factors is a significant deficiency. The study area is not large, 

only the one major district of the city, but more factors should be considered in this 

study. So far, land use situation, the terrain situation, transportation have been 

considered as factors in the project. But as sewage treatment plant, some other factors 

will influence the final optimal site selection as well. First factor is the cost of the 

construction and the size of the plant. Secondly, the urban water supply and drainage 

pipe network system should be considered as criteria as well. Last but not least, the 

power supply system is a factor could affect the final result. 

 

Another vital deficiency is the weight determination. The relationship between different 

constructions is also critical for optimal site selection. Because there are very few papers 

about selecting an optimal site for sewage treatment plant, there is no principle for the 

rank order of criteria, lack of resource on determining the weights is a major problem. But 

as the first time to use MCA for site selection of sewage treatment plant in Sichuan, I got 

the help from two professors who have enough experience to give me the suggestion of 

the rank order and the weights. In the future, more experts and GIS researchers will get 

into this kind of study, this paper could be an example of determining the weights. 
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5. Conclusion and future work 

In conclusion and future perspective, the conclusion of the study is lined out. From the 

research purpose, literature study and data collection to data process, MCA model 

building and discussion of the final result. The whole process is concluded with 4 steps. 

In the future perspective, based on the limitation of this study, there are three more 

things can be improved in the future, such as data quality, weight determination and GIS 

future development. 

 

5.1 Conclusion 

This project shows how to use GIS-based multi-criteria analysis (MCA) to select the 

optimal site for a sewage treatment plant, and it also shows how effective the method is. 

From the whole process, we can see that GIS-based MCA is a scientific, convenient and 

precise way for site selection, although there are still some limitations in this project and 

need to be improved in the future. The project can be concluded briefly in 4 steps.  

 

• Study the background and read some literatures related to the topic. 

• Acquire the data from open sources, preprocess the data. 

• Create constraint maps and factor maps, and assign weights for factor maps in AHP 

method. Building an MCA model to generate the final result map. 

• Evaluate the processes of the project, such as criteria and weights determination, data 

limitation. 

  

The result of this project shows that applying GIS-based multi-criteria analysis (MCA) 

for a sewage treatment plant site selection is feasible and effective. In the meantime, this 

research shows that with the help of GIS and remote sensing technologies, the researches 

of site selection and urban planning can be done in a more effective and scientific way. As 

mentioned before, there are many advantages of using MCA compare with using normal 

analysis for site selection. First of all, MCA makes the whole process open and explicit, 

the criteria are chosen by decision makers, it could be changed or replaced in anytime if 

they though which is inappropriate. One more advantage is as scores and weights are 

played important roles in the process, it provides the opportunities for changing in the 

future if the rank of importance changes. 

 

Recently, GIS development and remote sensing technologies are widespread all over the 

world. And the GIS-based Multi-criteria analysis for site selection is the trend of site 

selection in western countries. In China, GIS and GIS-based MCA are both in the 

beginning period, barely to use MCA for site selection. There are few scientific paper 

related to site selection for sewage treatment. It means that site selection of a sewage 

treatment plant is in a traditional way in China. So this project also provides a reference 

for future studies on sewage treatment site selection. More than this, it might be possible 

to use GIS-based multi-criteria analysis for site selection in the future works. The 

government and environment protection agency will get the benefit from this new way of 

thinking. It makes their work easier and more efficient, and it could be a standard of site 

selection. 
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5.2 Future work 

As mentioned before in the discussion section, the criteria and weight determination are 

based on the suggestions of two professors, this might be suitable for this study because 

the area is familiar to them. In the future study, the determination of criteria a nd weight 

can use some suggestions from local GIS experts. And as the weight calculation, in this 

study, the AHP and formula method are used to do a comparison. In the future more and 

more methods can put in this kind of studies to do the comparison work, such as Huff 

model (Huff, 1963). If these aspects can be improved in the future, the optimal site 

selection study will be huge improved. 

 

From another perspective, in the future, more efforts should be put to solve the problems 

mentioned before. Such as the data quality limitation, volunteer geographic information 

development and weight determination. The volunteer geographic information system is 

the trend of GIS development, with its perfect developed, it could provide real-time and 

precise data for researching and analyzing. With the development of the GIS and remote 

sensing technologies, more precise data and higher resolution image can be found for this 

kind of study. For instance, data with resolution of 5M*5M could be used to select the 

location of parking lot or public entertainment center. Data with resolution of 0.5M*0.5M 

could be used to select location of mobile lavatories or phone booth. In that time, more 

and more specific studies can be done.  

 

What is more important is that we should apply GIS-based multi-criteria analysis of site 

selection in optimal site selection for sewage treatment plant, this study could be an 

example for future studies. It is also can be used in different fields in the future. 

Especially in China, more familiar studies will be done in the future could provide enough 

experience for any kinds of site selection such as train station, hydropower dam and fire 

stations. And this scientific and efficient way could provide reliable result for decision 

makers to make right decision. 
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Appendix 

In the appendix, firstly are four land use maps that are mentioned in 3.2.2 Satellite 

images process, they are NDVI, vegetation, NDWI and water area. Followed by these 

images are constraint maps and factor maps of different criteria, which were generated 

in this study. All these maps were used for the final analysis in the MCA model. They 

are constraint maps of roads, slope, vegetation and water and factor maps of vegetation 

and water. The next part of script shows how to generate the weights of factors by AHP 

method in Matlab.  

 

Four categories of land use maps 

 
 

  
    NDVI                             Vegetation area 

 

  
NDWI                            Water area 

 

 

Constraint maps 

 

 

  
Roads constraint map                     Slope constraint map 
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Vegetation constraint map                 Water constraint map 

 

 

Factor maps 

 

 

  
Vegetation factor map                   Water factor map 
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The screenshot of script of AHP method generated in Matlab 

 

 
 

A=[1   1  2  1   1 ; 

1  1  1  1 / 2 . 0   1 / 2 . 0 ; 

1 / 2 . 0   1  1  1 / 3 . 0   1 / 3 . 0 ; 

1  2  3  1  1 / 3 . 0 ; 

1  2  3  3   1 ] ; %f a c t o r s   c o m p a r i s o n   m a t r i x  A 

 

[ m, n ]= s i z e (A) ; %t h e   c o u n t  o f   

f a c t o r s RI =[ 0   0  0 . 5  8   0 . 9  0   1 . 1  2   1 . 2  4   1 . 3  2   1 . 4  1   1 . 4 5   

1 . 4 9   1 . 5 1 ] ; R=r a n k (A) ; %r a n k   o f  A 

[ V, D]= e i g (A) ; % e i g e n v e c t o r s  V  and   e i g e n v a l u e s  D  o  f  

A 

t z=max (D) ; 

B=max ( t z ) ; %maximum   e i g e n v a l u e s 

[ row ,   c o l ]= f i n d (D==B) ; %l o c a t i o n   o f  maximum   e i g e n v a l u e s 

C=V ( : , c o l ) ; %e i g e n v e c t o r   c o r r e s p o n d i n g   t o   t h e  maximum   e i g e n v a l u e 

CI=(B- n ) / ( n - 1 ) ; %C o n s i s t e n c y   i n d i c a t o r s    

( CI ) CR=CI / RI ( 1 , n ) ; 

i f  CR<0 . 1 0 

d i s p ( ’ CI= ’ ) ; d i s p ( CI ) ; 

d i s p ( ’CR= ’ ) ; d i s p (CR) ; 

d i s  p ( ’ f  a c t o r s   c o m p a r i s o n   m a t r i x  A  p a s s e d   c o n s i s t e n c y   t e s  t ,   w e i g h t  

o f  ... e a c h   f a c t o r : ’ ) ; 

Q=z e r o s ( n , 1 ) ; 

f o r   i =1 : n 

Q( i , 1 ) =C( i , 1 ) / sum (C ( : , 1 ) ) ;  %n o r m a l i  z e   e i g e n v e c t  o  

r s 

e l s   e 

end 

Q  %o u t p u t  w e i g h t s 

 

d i s p ( ’ f  a c t o r s   c o m p a r i s o n   m a t r i x  A  f a i l e d   c o n s i s t e n c y   t e s t ,   p l e a s e  .. . r e c 

o n s t r u c t  t h e   f a c t o r s   c o m p a r i s o n   m a t r i 
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