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Abstract 

 

The pearl oyster Pinctada martensii or Pinctada fucata is the oyster for produce the 

South China Sea Pearl, and the production of pearl oyster Pinctada martensii plays a 

key role for the economic and social welfare of the coastal areas. To guarantee both 

rich and sustainability of providing pearl oyster productions, addressing the suitable 

areas for aquaculture is a very important consideration in any aquaculture activities. 

Relatively rarely, in the case of site selection research, the researchers use GIS 

analysis to identify suitable sites in fishery industry in China. Therefore, I decided to 

help the local government to search suitable sites form the view of GIS context. This 

study was conducted to find the optimal sites for suspended culture of pearl oyster 

Pinctada martensii using GIS-based multi-criteria analysis. The original idea came 

from the research of Radiarta and his colleagues in 2008 in Japan. Most of the 

parameters in the GIS model were extracted from remote sensing data (Moderate 

Resolution Imaging Spectroradiometer and Landsat 7). Eleven thematic layers were 

arranged into three sub-models, namely: biophysical model, social-economic model 

and constraint model. The biophysical model includes sea surface temperature, 

chlorophyll-α concentration, suspended sediment concentration and bathymetry. The 

criteria in the social-economic model are distance to cities and towns and distance to 

piers. The constraint model was used to exclude the places from the research area 

where the natural conditions cannot be fulfilled for the development of pearl oyster 

aquaculture; it contains river mouth, tourism area, harbor, salt fields / shrimp ponds, 

and non-related water area. Finally those GIS sub-models were used to address the 

optimal sites for pearl oyster Pinctada martensii culture by using weighted linear 

combination evaluation. In the final result, suitability levels were arranged from 1 

(least suitable) to 8 (most suitable), and about 2.4% of the total potential area had the 

higher levels (level 6 and 7). These areas were considered to be the places that have 

the most suitable conditions for pearl oyster Pinctada martensii for costal water of 

Yingpan.  

 

Keywords: Pearl oyster aquaculture, site addressing, multi-criteria analysis, GIS, 

remote sensing, Yingpan 

 

 

 

 

 

 

 

 

 

 



Table of Contents 

 

1. Introduction ............................................................................................................. 1 

1.1. Background .................................................................................................. 1 

1.2. Aims ............................................................................................................. 4 

1.3. The organization of the thesis....................................................................... 4 

2. Literature review ..................................................................................................... 5 

3. Materials ................................................................................................................. 7 

3.1. Study area ..................................................................................................... 7 

3.2. Software used ............................................................................................... 8 

3.3. Data and data processing ............................................................................ 10 

3.3.1 MODIS data processing ........................................................................ 10 

3.3.2 Landsat ETM+ (2000) data processing ................................................ 11 

3.3.3 Data formats ......................................................................................... 12 

4. Methodologies....................................................................................................... 13 

4.1. Criteria identification and GIS model ........................................................ 13 

4.2. Factor layer generation ............................................................................... 16 

4.2.1 Sea surface temperature ........................................................................ 17 

4.2.2 Chlorophyll-α concentration ................................................................. 21 

4.2.3 Suspended sediment concentration ....................................................... 22 

4.2.4 Bathymetry ............................................................................................ 24 

4.2.5 Distance to town and pier ..................................................................... 26 

4.3. Constraint layers generation ....................................................................... 27 

4.4. Construction of the GIS-based MCA model .............................................. 28 

5. Results and discussions ......................................................................................... 31 

6. Conclusions and future perspectives ..................................................................... 35 

References .................................................................................................................... 37 

 

 

 



III 
 

 

List of Figures  

 

Figure 1 Geography of the Beibu Gulf .......................................................................... 7 

Figure 2 The study area, coastal water area of Yinpan town, Beihai city,  

       Guangxi province, China ................................................................................. 8 

Figure 3 The operational interface of SeaDAS 6.1 ........................................................ 9 

Figure 4 MODIS Aqua data processing ....................................................................... 10 

Figure 5 Landsat ETM+ (2000) satellite image No.125045 and 124045 mosaic ........ 11 

Figure 6 Satellite image for the study area (i.e. the central part in Figure 5) .............. 12 

Figure 7 A hierarchical modeling chart for addressing the suitable site for pearl  

       oyster Pinctada martensii in costal water of Yingpan, Beibu Gulf, China .... 14 

Figure 8 GIS analysis model ........................................................................................ 15 

Figure 9 The mask of costal water of Yingpan ............................................................ 16 

Figure 10 Average sea surface temperature (day time) of costal water of Yingpan .... 18 

Figure 11 Average sea surface temperature (night time) of costal water of Yingpan .. 19 

Figure 12 Average sea surface temperature of costal water of Yingpan ...................... 20 

Figure 13 Suitability map of sea surface temperature for Pinctada  

        martensii aquaculture ................................................................................... 20 

Figure 14 Average chlorophyll-α concentration in costal water of Yingpan ............... 21 

Figure 15 Suitability map of chlorophyll-α concentration for Pinctada  

        martensii aquaculture ................................................................................... 22 

Figure 16(a) Average normalized water leaving radiance at 443 nm of coastal  

        water of Yingpan .......................................................................................... 23 

Figure 16(b) Average normalized water leaving radiance at 443 nm of coastal  

        water of Yingpan .......................................................................................... 23 

Figure 17 Suitability map of suspended sediments concentration for  

        Pinctada martensii aquaculture ................................................................... 23 

Figure 18 Bathymetric sounding points in coastal water area of Yingpan .................. 24 

Figure 19 TIN model of bathymetry ............................................................................ 24 

Figure 20 Bathymetric map of costal water of Yingpan .............................................. 25 

Figure 21 Suitability map of bathymetry for Pinctada martensii aquaculture ............ 25 

Figure 22 Suitability map of distance to town for Pinctada martensii aquaculture .... 26 

Figure 23 Suitability map of distance to pier for Pinctada martensii aquaculture ...... 27 

Figure 24 Constraint map for harbor area .................................................................... 28 

Figure 25 Constraint map for non-related water area .................................................. 28 

Figure 26 Result of the Factor model .......................................................................... 32 

Figure 27 Result of the Constraint model .................................................................... 32 

Figure 28 Final sites selection map for pearl oyster Pinctada Martensii  

        aquaculture in costal water of Yingpan, Beibu Gulf, China ........................ 33 

 

 

 



 

List of Tables 

 

Tabel 1 Data used in the study ..................................................................................... 12 

Tabel 2 Criteria used for pearl oyster Pinctada martensii in coastal water of  

      Yingpan ............................................................................................................ 13 

Tabel 3 Coefficients for SST algorithms (Brown and Minnett, 1999) ......................... 18 

Tabel 4 Suitability scores for creating sea surface temperature suitability map .......... 20 

Tabel 5 Suitability scores for creating chlorophyll-α suitability map .......................... 22 

Tabel 6 : Suitability scores for creating suspended sediment concentration map ........ 23 

Tabel 7 Suitability scores for bathymetry map ............................................................ 25 

Tabel 8 Suitability scores for distance to town ............................................................ 26 

Tabel 9 Suitability scores for distance to pier .............................................................. 27 

Tabel 10 The pairwise comparison matrix for evaluating the weights for factors  

        for pearl oyster Pinctada martensii aquaculture site selection in coastal  

        water area in Yingpan, Beibu Gulf, China ................................................... 29 

Tabel 11 Suitability level distribution for pearl oyster aquaculture site selection  

        in costal water area in Yingpan, Beibu Gulf, China ..................................... 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VII 
 

 

Acknowledgements 

 

I am really thankful to all those who gave me the possibility to complete this thesis. 

 

I would like to acknowledge the Goddard Space Flight Center of NASA for providing 

MODIS Aqua data under the contract agreement. Thanks to Global Observatory for 

Ecosystem Services for the production and distribution of Landsat ETM+ 

Orthorectified Data. Thanks to East Asia Hydrographic Commission of International 

Hydrographic Organization for providing the electronic navigational charts in South 

China Sea. Thanks to TCarta Marine Company for providing the bathymetric 

sounding data. 

 

To my supervisor at University of Gävle, Dr. Anpders Brandt, who has read all of my 

reports thoroughly and given many advices to me during the whole research.  

 

To my examiner at University of Gävle, Professor Bin Jiang, for constructive advice 

on the thesis writing. 

 

To Professor Yingsen Li at Shanghai Ocean University, for providing me with the 

relative weights for each criterion. 

 

Thanks to my friend Tao Peng for his technological help. 

 

Especially, I would like to give my special thanks to my parents whose enragement 

and love enabled me to complete the undergraduate study in Sweden.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.gsfc.nasa.gov/


 



1 
 

 

1. Introduction 

 

1.1. Background  

“A geographic information system (GIS) is defined as a system that captures, stores, 

analyzes and manages data that are associated with attributes which are spatially 

referenced to the earth” (Longley et al, 2005). Compared with other management 

systems, The GIS provides an alternative access to data where the GIS uses a 

coordinate referencing system so that the data with regard to a specific position as 

well as its non-space attribute can be compared to other positions, or in other words, 

the georeferenced spatial data in GIS has dual keys, allowing records to be accessed 

either by locations or attributes (Goodchild, 1990; Burrough and McDonell, 1998). In 

a period of nearly 50 years of development, GIS have been widely applied to solve 

real world problems in a variety of disciplines. In cartography, land surveying, 

geography, city planning, energy management, navigation, crime analysis and disaster 

prediction etc. we can almost always find the results of GIS.  

Currently GIS has developed from a simple system to four main branches: 

GISystems, GIServices, GIScience and GIStudies (e.g. Jiang and Yao, 2010). GIS as a 

system, as Tomlinson said, is a computer application designed to perform certain 

specific functions (Coppock and Rhind 1991), which allow users to analyze, edit 

spatial data and present the results. Today, many organizations and countries are 

speeding the development of GIS infrastructure and the popularity rate among 

ordinary people is increasing. GIS as services or GIServices for the general public is 

no longer a new thing. In fact, GIS serves the public every day; Google Maps and 

Google Earth are good examples.  

There exists a dispute in the academic circles If GIS is a tool or a science (Wright et 

al., 1997). Many researchers claim that GIS can be considered as a science, from the 

GIScience stand, because it refers to the academic theory behind the development, use, 

and application of Geographic information systems. But, at the same time it functions 

as a tool where it is involves user, software, hardware, and geospatial data. GIScience 

discuses fundamental issues raised by the use of GIS and related information 

technologies (Goodchild 1990, 1992; Wilson and Fotheringham, 2007).  

GIStudies place more weight on research of social and natural phenomena in the 

context of GIS. Geographic data on Earth is unimaginable rich. When facing the 

intensive information, GIS provides an efficient way to handle, organize and represent 

the data by its abundant functionality. GIS overlay function, also known as maps 

sandwich, is an important GIS function for creating composite maps from different 

spatial data sources. The simple overlay analysis is the one of the early and simple 

methods in spatial analysis. During the past years, the GIS-based analysis of spatial 

data has been developed a lot. Today, the GIS-based spatial analysis involves 



geovisualization, geographic knowledge discovery and decision making support 

system. GIS-based multi-criteria analysis (MCA) is a method for decision support in 

the context of spatial environment. A MCA model contains a set of evaluation criteria 

which are quantifiable indicators of the extent to which decision objectives are 

realized (Malczewski, 1999). In the real world, many phenomenon and problems are 

determined by several considerations, and the decision maker(s) or planner(s) has may 

options or criteria to consider and the result may be very different depending how the 

criteria are valued, so choose the best alternatives is an puzzle for them (Mahmoud 

and Garcia, 2000). For solving these kinds of issues MCA had been created with the 

aim to weight various criteria against each other and combine them so that the best 

possible solution can be found (Brandt, 2009). The MCA procedure consists of two 

parts, constraint model and factor model. Criteria or layers in the constraint model are 

in the Boolean logical form, to allow for restriction of possible places. In the factor 

model, the criteria are treated as continuous factors with assigned values. The 

different factor values will be multiplied by the relative weight of the factor and 

finally summed to yield a suitability map, known as weighted linear combination 

process (Malczewski, 2000).  

This thesis provides a case study of using GIS-based multi-criteria analysis for 

identifying suitable sites for pearl oyster Pinctada martensii in the coastal sea areas of 

Yingpan, Beibu Gulf, China. China produces 95% of the cultured pearls in the world 

and the product covers almost all types of pearls (Paspaley, 2008).  Among the many 

varieties of pearls, the most famous, and also with the highest value pearl is the South 

China Sea Pearl (Yu and Chun, 2006). The pearl oyster Pinctada martensii or 

pinctada fucata is the oyster for produce the South China Sea Pearl (Meng et al., 

1996). Form a biological view; it belongs to Mollusa, Lamellibranchia, Pteriidae. The 

aquaculture of Pinctada martensii is mainly distributed along the coastal water of 

Guangxi, Guangdong, and Hainan provinces (Wang et al., 2008). Currently, over 30% 

of the South China Sea Pearl production is coming from Beibu gulf, Guangxi (Food 

and Agriculture Organization of the United Nations, 2010). The main cultivation site 

in Beibu gulf is situated in the coastal sea areas of Yingpan, where the first modern 

pearl culture industry stated in 1958 in China (Wang et al., 2008)  

In Recent years, the Pinctada martensii in North Gulf has been affected by severe 

mortalities (Yu and Chun, 2006). The investigation carried by Wang and colleague 

reported that wild Pinctada martensii samples could only be found in 5 sampled 

points among 29 in total. Currently, an interpretation of this phenomenon has been 

proposed by Jiang and Wei (1985). In their research the mass mortality is caused by 

inbreeding and loss of genetic diversity. Another important constraint was denoted by 

the study of Liao (2001). He claimed that unsuitable site selection and deterioration of 

water quality due to over-aquaculture should also be responsible for the mortality. To 

rebuild productivity of Pinctada martensii, a local pearl industry improvement 

program was imitated in 2002. Search of appropriate sites for aquaculture of Pinctada 

martensii is an important part in the program because it will largely reduce the risk of 

environmental impact, and promote the overall profits and minimize the conflict 

between aquaculture and other resource used (Yu and Chun, 2006; Radiarta et al., 
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2008). From the literature survey, until now, the methods used in this program or 

similar researches were mainly in the perspective of ecological modelling (e.g. Bundy, 

2002; Cheung et al., 2002 and Chen et al., 2008). In this project the research will 

build on this but with a GIS perspective. Remote sensing data will be the main source 

for collecting the data for the GIS model, because it can provide abundant and very 

accurate data in a very short time. Based on the ability to handle the intensive data 

from remote sensing, multi-criteria analysis can then be performed.  

In Radiarta and his colleagues‟ studies, a GIS-based multi-criteria evaluation model 

was employed to indentify the suitable sites for Japanese scallop aquaculture in Funka 

Bay, Japan. The GIS model was formed by three sub models, namely: a biophysical 

model, a social-infrastructural model and a constraints model. Because the Earth‟s 

natural environment is very complex and it is very hard to find two places that have 

the same physical conditions. This study shall use a different biophysical model that is 

more suitable for present suspended sediment concentration (SSC) in Beibu Gulf, 

China. Furthermore, the chlorophyll-α concentration model was processed using the 

MODIS chlorophyll algorithm Ocean Color 3 version 5 (OC3v5), which is the newest 

version of Ocean Color 3 (OC3) algorithm which was released by Ocean Color Web 

National Aeronautics and Space Administration (OCW/NASA) in February 2010 and 

also more accurate than the OC4v4 model for SeaWiFS sensor used in Radiarta et al‟s 

study. Moreover, compared with the study of Radiarta et al. (2008), the data for 

building the chlorophyll-α concentration model, water surface temperature 

(SST/SST4) model and suspended sediment concentration (SSC) model will be 

generated from higher resolution satellite, i.e. Moderate Resolution Imaging 

Spectroradiometer (MODIS Aqua), 250 m resolution in particular. In the revised 

biophysical model the night temperature data from MODIS‟s 4μm channel (SST4) 

was integrated into the sea surface temperature (SST/SST4) model which makes the 

model closer to the real situation. Last but not least, the bathymetry data was 

generated from 130 sounding points provided by TCarta company; and the harbor 

area for creating the constraint map was coming from the South China Sea Electronic 

Navigational Charts (SCS ENC) created by East Asia Hydrographic Commission 

International Hydrographic Organization (EAHC/IHO). Therefore, the result should 

be more accurate than if digitized from a hydrological chart, as Radiarta et al.‟s work 

(2008).  

 

 

 

 

 

 

 

 

 

 

 

 



1.2. Aims 

When the geographic information system (GIS) is becoming a gradually important 

tool of inland natural resource management, the tool is receiving more and more 

attention from the aquaculture community for spatial decision support in aquaculture 

(Nath et al., 2000). The very early research can be traced back to 1993 in Scotland by 

Ross and colleagues (Ross et al., 2003). After nearly 20 years of development, the 

technology of application of GIS for spatial decision support in aquaculture has 

become more and more accurate and reliable. However, due to human activities 

mainly limited to the continent, most of the GIS applications are the land-oriented. 

The application of GIS in the ocean area is still very limited.  

Even though China has a very long cost line and the fisheries development has 

greatly influenced the economics of coastal communities, the application of GIS in 

aquaculture is still in the staring stage in China. Therefore, the aim of thesis is to 

provide an example of use of GIS to study localization of suitable sites for 

aquaculture in China seas area. 

More specifically, the aim of the thesis is to set up a revised GIS model, which was 

based on the work of Radiarta et al. (2008), to test the applicability of a similar 

method in the coastal area of Yingpan, Beibu Gulf, China, for addressing the most 

suitable sites for pearl oyster Pinctada martensii aquaculture. 

 

 

1.3. The organization of the thesis 

The remainder of the thesis is organized as follows. Chapter 2 will be the literature 

review concerning the development and application of GIS for spatial decision 

support in aquaculture. Chapter 3 will be the materials including introduction part of 

the study area and raw data process. Chapter 4 will illustrate the methods for case 

study of MCA procedure in costal water area of Yingpan. It will involve the criteria 

identification and model making. Chapter 5 will show the result from the GIS-based 

MCA in conjunction with discussion. Finally in chapter 6, the conclusions of this 

study will be made and the future work will be discussed from different perspectives.  
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2. Literature review 

 

An early research on aquaculture management by using GIS is performed by Ross and 

colleagues in 1993 in Scotland (Nath et al., 2000). The objectives of their work were 

to examine and test GIS as a tool to predict the potential and the possibility of 

Salmonid (a ray-finned fish) in a small bay, and try to build up a general methodology 

for spatial analysis of coastal water aquaculture potential. The criteria in their research 

involve depth, water velocity and salinity, level of dissolved oxygen, temperature and 

temperature change. Except for the depth data, all other information came from their 

manual field survey. With the simple overlay process techniques, all layers (criteria) 

were topologically overlaid in a vertical manner. The result shows that only about 6% 

of the area of the bay would be suitable places for Salmonid hanging culture. The 

result was confirmed unsatisfied after verification of an in situ survey. However, the 

research was considered very creative and advanced at the time. Nath et al. (2000) 

think the most important factor contributing to this result is the use of „worst-case 

modeling‟ in his module. For example, the wave heights were computed based on the 

worst weather records rather than the average level.  

A more vigorous site selection model should also include detailed analysis of social 

economic considerations, for instance labor source and support services 

(Aguilar-Manjarrez, 1996). Based on the original research, Aguilar-Manjarrez and 

Ross (1995) improved the model by introduced social economic factors in their 

research in Sinaloa State, Mexico, for the assessment of land suability for Aquaculture 

and agriculture. Beyond this, other three important improvements had emerged in the 

study. First the authors gave up developing a general methodology objective in their 

early study, and instead they tried to develop a local level (state-level in Mexico) 

guide in aquaculture by using a GIS model. Another improvement is that the 

analytical methods changed from the single overlay to Multi Criteria Evaluation 

(MCE) techniques, which in this method the different factors under consideration 

have different levels of importance; in practice, each factor layer was assigned a 

weight which was generated by the analytical hierarch process (AHP) techniques 

created by Saaty (1980). The accuracy for GIS as a tool for analysis and assessment 

largely depends on the data accuracy. For this case, the GPS had been used in the 

project to locate the position of data in the water surface. The results turned to be very 

accurate after the verification. The comments from Nath et al. (2000) claimed that this 

case study truly indicates that it is very possible for the use of the GIS model to 

evaluate aquaculture potential and guide its development at a regional scale  

Later applications of using GIS models to select aquaculture sites have for example 

been carried out based on work of Aguilar-Manjarrez and Ross in 1995. Those include 

shellfish and finfish aquaculture in British Columbia, Canada (Carswell, 1998), hard 

clam culture and management in Florida, USA (Arnold et al., 2000), scallop growth 

and food depletion modelling in Sungo Bay, China (Bacher et al., 2003), crab and 



shrimp cultivation in south-western Bangladesh (Salam et al., 2003), floating marine 

fish cage aquaculture in Tenerife, Canary Islands (Pérez et al., 2005) and oyster 

culture in Margarita Island, Venezuela (Buitrago et al., 2005). 

  To improve the global ocean resource monitor and management  many ocean 

observing satellite sensors have been launched during the late nineties in 20th century 

to the early time of 21th century, such as Sea-viewing Wide Field-of-View Sensor 

(SeaWiFS) launched in 1997 (see SweaWiFs Project homepage 

http://oceancolor.gsfc.nasa.gov/SeaWiFS/), very High Resolution Radiometer 

(AVHRR/3) launched in 1998 ( National Oceanic and Atmospheric Administration, 

2010), and Moderate Resolution Imaging Spectroradiometer (MODIS) launched in 

2002 (National Aeronautics and Space Administration, 2010). Those satellite sensors 

make it possible to replace the manually filed data surveyed by the remote sensing 

technology. Using remote sensing technology to collect data can highly reduce the 

amount of field sampling and improve the spatial and temporal coverage of estimation. 

Some typical projects using GIS and remote sensing in planning or management for 

aquaculture development in conjunction with site selected cased included e.g. 

Kapetsky and Anguilar-Manjarrez (2007), Radiarta et al. (2008) and Longdill et al. 

(2008).  
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3. Materials 

 

3.1. Study area 

Beibu Gulf or North Gulf is a large semi-enclosed gulf surrounded by land territories 

of China and Vietnam (Figure1). The Gulf is located in the area between tropics and 

subtropics. The climate of this Gulf is subtropical and monsoonal. The yearly average 

temperature is about 24 C with surface temperature of 37.1 C and bottom of 2 C 

(Chen et al., 2008). Several rivers flow into the Gulf, including the Beilunhe River, 

Dafengjiang River, Fangcheng River, Nanliujiang River, Oinjiang River and Red 

River (Chen et al., 1991). Because there are many rivers around the area, much 

nutrient salts are transported from the land to the Gulf. Abundant nutrient salts, such 

as phosphates and nitrates, are very important for the growth of phytoplankton, which 

is the primary productivity of the ocean (Chen et al., 2008). The primary productivity 

level of Beibu Gulf is in the range of 284.13~643.24mg(C) / (m
2
·d) (Ping et al., 2003). 

The environmental conditions in Beibu Gulf are favorable for aquaculture and makes 

the Gulf one of the seven main aquaculture and fishery areas in China. The Pinctada 

martensii is widely cultivated by individuals, fishermen associations and state-owned 

and private companies. 

 

 

Figure 1 Geography of the Beibu Gulf 



The total area of Beibu Gulf is more than 128,000 km
2
 (Chen et al., 2008) but the 

study area is only focused on a very small area in Beibu Gulf, the costal water area of 

Yingpan town in particular, which is located in the northeast of Beibu Gulf (Figure 2). 

Yingpan town belongs to Beihai City. As early as 2000 years ago, this place was 

famous for its pearl fishing (Liao, 2001). The study area lies between 21 20 ' -21 35 '

North and 109 02 ' -109 34 ' East, with a mean and maximum depth of 7.2 m and 14.5 

m, respectively. The area size is about 913 km
2 
and with a 125km cost line.  

 

 

Figure 2 The study area, coastal water area of Yinpan town, Beihai city, Guangxi 

province, China 

 

3.2. Software used 

The remote sensing analysis software employed by this study were SeaDAS 6.1 

(Figure 3) and ERDAS Imagine 9.3. SeaDAS is short for the Sea-viewing Wide 

Field-of-vies Sensor (SeaWiFS) Data Analysis System. SeaDAS 6.1 is a 

comprehensive remote sensing image analysis package for the processing, display, 

analysis, and quality control of ocean color data. The package was developed by 

Goddard Space Flight Center National Aeronautics and Space Administration 

(GSFC/NASA) and aimed to processing the data captured from Sea-viewing Wide 

Field-of-vies Sensor (SeaWiFS), Moderate Resolution Imaging Spectroradiometer 

(MODIS on Aqua and Terra), the Ocean Color and Temperature Scanner (OCTS) and 

the Coastal Zone Color Scanner Experiment (CZCS) (Ocean Color Homepage 

National Aeronautics and Space Administration, 2010). SeaDAS is functioning in the 

Linux or UNIX platform. The software can both be manipulated by a graphical 

interactive model, like the Microsoft Windows applications by clicking the graphical 

bottoms on the screen, or by terminal programming. All the remote sensing images in 

the biophysical model were processed by SeaDAS 6.1. ERDAS Imaging is the 

world‟s leading remote sensing analysis and spatial modeling software, which is 

developed by Erdas the Earth to Business Company (ERDAS, 2010). The Global 

Orthorectified Landsat Data Landsat ETM+ (2000‟s) WRS 2, which is used for 

building the social economic model and part of the constraint model, were processed 

by ERDAS Imaging 9.3, as well as the final GIS model is set up by the Modeler 

widget in ERDAS Imaging 9.3.  
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Figure 3 The operational interface of SeaDAS 6.1 

 

  The GIS software used in this study is ArcGIS 9.3, developed form Environmental 

System Research Institute in USA (ESRI). ArcGIS is an integrated collection of GIS 

software products. It provides a standards-based platform for spatial analysis, data 

management, and mapping (ESRI, 2010). Georeferencing process, coordinate 

transformation and image value reclassification, etc. were done by ArcGIS 9.3. In 

addition, EDC 1.0 is also included in the project. EDC is the abbreviation of the 

Environmental Data Connector. It is a tool that allows users to connect MODIS HDF 

file with sinusoidal projections to ArcGIS raster or EARDAS‟ Image format. It was 

developed for the National Oceanic and Atmospheric Administration (NOAA) 

Fisheries by Applied Science Associates, Inc. (ASA). Originally, the EDC has two 

versions, one is the extension tool which is designed to work in conjunction with 

ArcGIS9.x, and the other is the EDC Standard version which can be run outside 

ArcGIS (Applied Science Associates, 2010). The former version was used in this 

project.  

 

 

 

 

 

 

 

 

 

 

 



3.3. Data and data processing  

3.3.1 MODIS data processing 

For studying global dynamics, The United States Congress established the U.S. 

Global Change Research Program in 1990. The main contribution of the program is 

NASA‟s Earth Science Enterprise through its Earth Observing System (EOS). The fist 

ECO satellite, named Terra, was launched on December 19 in the year 1999, carrying 

five remote sensors, where the most comprehensive EOS sensor is MODIS. A second 

EOS satellites Aqua, was launched on May 4, 2002, which carried an updated MODIS 

instrument. The data used by this project came from MODS Aqua. MODIS Aqua 

detects a wide spectral range of electromagnetic energy; it takes measurements at 

three spatial resolutions: 250 m, 500 m and 1 km. MODIS Aqua has 36 bands and 

covers the range of 1 nm to 36 μm (the MODS Technical specifications is attached in 

the appendix) (Lindsey and Herring, 2010). 

  Sea surface temperature data, Chlorophyll-α concentration data, and suspended 

sediments data were derived from the MODIS Aqua sensor as level-2 data. Since the 

level-2 data of MODIS Aqua, provided by Distribution Active Archive Centre 

Goddard Space Flight Centre National Aeronautic and Space Administration 

(DAAC/GSFC/NASA), is not fully sampled data, and the resolution is 1 km. The 

level-2 data with high resolution, 500 m or 250 m, must be processed from Level-1A 

data by the user (Figure 4).  

 

 

Figure 4 MODIS Aqua data processing 
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  The processing was according to the work of Thomas and Franz (2005) which 

started from Level-1A data, then to GEO data and level-1B data, and finally to 

Level-2 data (Figure.4). Level-1A data were processed from Level-0 data, which are 

unprocessed raw data. Level-1A data contains the raw radiance counts from all 23 

bands (see appendix) at a resolution of 250 m 500 m and 1 km, as well as navigation 

information, calibration information, and selected spacecraft telemetry. The first step 

of the processing is generating the geolocation file (GEG) by Geogen_modis code 

(MODIS Science Data Support Team (SDST) NASA). This procedure is very similar 

to the georeferenceing in GIS, where the attitude and ephemeris information were 

defined in the GEO file. After the geolocation step, the Level-1A data and GEO file 

were loaded into L1bgen_modis Code (MODIS calibration Support Team (MCST) 

NASA) to generate Level-1B data, where also the radiometric calibration was applied. 

In the last step Level-1B and GEO files were fed into L2gen code (Ocean Biology 

Processing Group (OBPG) NASA) to produce the level-2 data, where the atmospheric 

corrections, ozone correction and coincident met. After the process procedure, the 

Level-2 data contains information of brightness temperature in bands 20-23 

(3.6-4.0μm) and bands 30-32 (10.8-12.3μm), normalized water leaving radiance at 

443 nm and 555 nm, as well as remote sensing reflectance at 443 nm, 490 nm and 555 

nm. 

 

 

3.3.2 Landsat ETM+ (2000) data processing 

Landsat ETM+ (2000) data are orthorectified data and georeferenced end products 

which can be used directly. Because the study area was separately captured by 2 

images, 125045 and 12045 in particular, a mosaic process was used here to generate a 

full coverage image of the study area (Figures 5 & 6). 

 

 

Figure 5 Landsat ETM+ (2000) satellite image No.125045 and 124045 mosaic 

 



 

 

Figure 6 Satellite image for the study area (i.e. the central part in Figure 5) 

 

 

3.3.3 Data formats 

The original types of the data are vector and raster format. The spatial format of the 

vector data can be further defined into three parts: Point, Polyline and polygon. The 

study resolution is 28.5 m
2
 which is the same as the resolution of Landsat ETM+ 

(2000) images. Table 1 describes the attributes of the data used in this study. 

 

Tabel 1 Data used in the study 

 

Data Set Description Data Format 
 Vector 

Format 

 MODIS Leve-2 

Data 

Resolution of Level-2 data is 250 m, BT in 

bands 20-23 and 31-32, NWLR 443,555 and 

RSR 443,490,555 

Raster  NA 

Landsat 

ETM+(2000) 

Orthorectified Data 

Resolution of Landsat ETM+ (2000) data is 

28.5 m with the coverage of 12°20′-21°35′N 

and 109°02′-109°34′E 

Raster  NA 

Bathymetrical 

Sounding Points 

The bathymetry data including 230 Sounding 

points with GPS coordinate information 

sampled by sonar 

Vector  Point 

South China Sea 

Electronic 

Navigation Charts 

(SCS ENC) 

EA200001 

The whole Chars involves 4 parts 

(EA200001-EA200004) including harbor 

area, ship channel, lighthouse position, etc. Vector 
Point/Polyline

/Polygon 
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4. Methodologies 

 

4.1. Criteria identification and GIS model 

Although there are many elements that should be taken into consideration in shellfish 

aquaculture, the following elements are considered as the common factors in many 

studies: sea surface temperature (SST), plankton (measured as concentration of 

chlorophyll-  ), suspended sediment concentration (SSC) and bathymetry 

(MacDonald and Thompson, 1985; Hatcher et al., 1994; Ellis et al., 2002; Bacher et 

al., 2003; Radiarta et al., 2008). In addition, social economic factors, which is an 

activity of human involvement, also affect the operations for the aquaculture (Nath et 

al., 2000; Kingzet et al., 2002; Radiarta et al. 2008) 

  Finally, based on the consulting from experts and in conjunction with literature 

study, the parameters used for addressing the suitable sites for Pinctada martensii in 

the coastal water of Yingpan are documented in Table 2 

 

 

Tabel 2 Criteria used for pearl oyster Pinctada martensii in coastal water of Yingpan 

 

Submodels Criteria Description of criteria Data sources(resolution) 

Biophysical 

Sea surface Suitable temperature for 
MODIS-Aqua(250m) 

temperature Pinctada martensii 

Chlorophyll-a Main index of food for 
MODIS-Aqua(250m) 

concentration Pinctada martensii 

Suspended sediment 
The turbidity of water MODIS-Aqua(250m) 

concentration 

Bathymetry 
Suitable depth for 

Sounding points 
suspended culture 

Social- Distance to town Human resource Landsat ETM+(28.5m) 

economic Distance to piers Service support Landsat ETM+(28.5m) 

Constraint 

Harbor Pollution and navigation E-Navigational Chart 

River mouth 
Freshwater and sediment 

Landsat ETM+(28.5m) 
matter supply 

Salter/Shrimp ponds Occupied by other activates Landsat ETM+(28.5m) 

Tourism Surfing, sightseeing, recreation Landsat ETM+(28.5m) 

Non-related area 
Water area that not related 

Landsat ETM+(28.5m) 
in this project 

   

 



In practice, the first step to solve the problem by GIS is to represent the real world in 

the GIS. The procedure usually includes the use of large number of different sources. 

It may result in a process with considerable complexity if it is processed using a 

single model. Empirically, when the number of layers equal or are more than 10, 

GIS-based MCA becomes difficult, even to an experienced modeler (Nath et al., 

2000). In such case, the model for identifying suitable areas for Pinctada martensii in 

coastal waters of Yingpan was built on a hierarchical structure based on the attribute 

of the criteria. The top level of the model is the decision or overall objective, i.e. it 

answers the question of what are we going to do and it is the target that the study 

should end up with. In order to approach the target, the objective can be further 

defined in two lower level models, known as factors and constraints, where the factors 

involves the biophysical model and the social-economic model. The lowest level is 

the criteria. Figure 7 shows the suitability analysis for Pinctada martensii sites search 

in costal water of Yingpan as a hierarchical structure where 11 criteria have been used 

according to the necessary requirements. 

  

 

Figure 7 A hierarchical modeling chart for addressing the suitable site for pearl oyster 

Pinctada martensii in costal water of Yingpan, Beibu Gulf, China 
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  In order to give the reader an overview of the project, the specific constraint and 

factor layers have been discussed, and a work flow of the GIS-based multi-criteria 

analysis model is showed in the Figure 8. The model was developed upon the 

hierarchical modeling structure discussed in previously part.  

 

 

Figure 8 GIS analysis model 

 

 

 

 

 

 

 

 

 



 

4.2. Factor layer generation  

Empirically, the spatial analysis in GIS usually started with mask making to restrict 

the analysis to only consider the relevant area of study. The blue part of the Figure 9 is 

the mask for this study. 

 

 

Figure 9 The mask of costal water of Yingpan 

 

 

  The sea surface temperature map (day & night), chlorophyll-α concentration and 

suspended sediment concentration map were processed upon the MODIS level-2 data, 

a total of 290 images with good coverage were selected from June 2002 to December 

2009. In fact, there are more than 3000 images in the time rage of June 2002 ~ 

December 2009. The reason of excluding 90% of the images is that the satellite 

images usually only contains a very limited amount of data due to atmospheric 

reflectance and absorption. Figures 11 and 12 shows a comparison of two images 

captured from different time. The data in Figure 11 is a good example of included data, 

while Figure 12 is an example if data are excluded.  
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Figure 10 MODIS Aqua images, captured at Friday, 21 May 2010 

 

 

Figur 11 MODIS Aqua images, captured at Sunday, 23 May 2010 

 

 

4.2.1 Sea surface temperature  

The sea surface temperature map was generated from day time (SST) and night time 

(SST4) data. The algorithm used for generating the day time sea surface temperature 

is the thermal infrared algorithm (10 -12  m) by Brown and Minnett (1999): 

 

𝑆 = 𝐶1 + 𝐶2 × 𝑇31 + 𝐶3 × 𝑇3132 + 𝐶4(sec(𝜃) − 1) × 𝑇3132       [1] 

 

where S is the day time Sea Surface Temperature and the unit for S is °C and C1 – C4 

are coefficients (table 3). T31 is the Brightness Temperature (BT) of band 31; T3132 is 

the Brightness Temperature Difference (BTD) between band 32 and band 31, and   



is the satellite zenith angle. 

Tabel 3 Coefficients for SST algorithms (Brown and Minnett, 1999) 

 

Coefficient Name Coefficient settings 

  T30- T31 < = 0.7 T30- T31 > 0.7 

C1 1.23 1.69 

C2 0.96 0.96 

C3 0.12 0.09 

C4 1.77 1.2 

Comment: the data of the table was revised from the original report by rounding to 

two decimal 

 

The result of the average sea surface temperature at day is time shown in Figure 12 

 

 

Figure 12 Average sea surface temperature (day time) of costal water of Yingpan 

 

The algorithm for generating the night time sea surface temperature (SST4) is the 

Mid-range infrared algorithm (3.7 -4.2μm) by Brown and Minnett (1999):  

 

𝑆𝑖,𝑘 = 𝑎 + 𝑏 × 𝑇𝑖 + 𝑐 × 𝑇𝑘 + 𝑓(𝑑)             [2] 

 

where Si,k is night time sea surface temperature and the units for Si,k is °C. The settings 

for coefficients a, b, c, d are estimated separately for each of 3 latitudinal zones based 

on the distance from the equator (see table 1 in appendix). Band number i, k take the 

numbers 20, 22 and 23, Ti is the Brightness Temperature (BT) in band i, and f(d) is a 

functional term that reduces the residual errors: 
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𝑓(𝑑) = 𝑚 × 𝑐𝑜𝑠(2𝜋(𝑥 + 𝑛) ÷ 365) + 𝑝           [3] 

where m, n and p are coefficients estimated separately for each of 3 latitudinal zones 

based distance from the equator (see table 1 in appendix). 

x (northern hemisphere) = days after 173 (summer solstice) 

x (southern hemisphere) = days after 357 (winter solstice) 

For leap years, leap year days = standard year days × (365/366) 

 

The result of the average sea surface temperature at day time, processed from 290 

selected images, is shown in Figure 13.The black area is the land mask (which is set 

by default), and the white line is the coastline. Form the large scale perspective the 

resolution and accuracy of the mask is very low which leads to loss of some data near 

the coast.  

 

 

Figure 13 Average sea surface temperature (night time) of costal water of Yingpan 

 

The final result of sea surface temperature was generated by averaging daytime and 

night‟s sea surface temperature data. A total of 580 images were processed. The result 

is shown in Figure 14. The distribution range of the sea surface temperature is 10 ~ 

35 °C. In about 98.3% of the total area the temperature is concentrated in the range of 

26 ~ 33 °C, and in ca 72.8% of the area the temperature is 26 °C. The size of no data 

area is about 5.2% of the total area. According to the temperature distribution 

situation, based on the suitability score settings given by experts (Table 4), a 

suitability map for Pinctada martensii in the view of sea surface temperature (Figure 

15) could then be generated. 



 
Figure 14 Average sea surface temperature of costal water of Yingpan 

 

Tabel 4 Suitability scores for creating sea surface temperature suitability map 

 

Suitability Score Temperature (°C) 

0 No data area, 10 ~ 20 

1 21, 35 

2 22, 34 

3 23, 33 

4 24, 32 

5 25, 31 

6 26, 30 

7 27, 29 

8 28 

 

 

 
Figure 15 Suitability map of sea surface temperature for Pinctada martensii 

aquaculture 
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4.2.2 Chlorophyll-α concentration  

The chlorophyll-α images were processed by using the MODIS chlorophyll 

algorithm Ocean Color 3 Version 5 (OC3V5) (Werdell, 2006): 

 

𝐶𝑎 = 102.24;2.48𝑟:1.53𝑟2:0.11𝑟3;1.11𝑟4
                             [4] 

 

where Ca is the chlorophyll- α concentration, the unit for Ca is mg/m
3
 and 

  

𝑟 = log10*𝑚𝑎𝑥(𝑅443, 𝑅490) ÷ 𝑅555+                          [5] 

 

where R443, R490 and R555 are the Remote Sensing Reflectance at 443 nm, 490nm 

and 555 nm respectively. 

 

290 images had been processed, according to the algorithm above, to get the 

average chlorophyll-α concentration map (Figure 16). The map shows that the 

chlorophyll-α concentration in the costal water area in Yingpan is in the range of 

2~134 mg/m
3
, and that 93% of the total area, the chlorophyll-α concentration range is 

concentrated in the range 12~67 g/m
3
. The size of no data area equals 9.4% of the 

study area. According to the analysis result the data were assigned the corresponding 

suitability scores according to expert‟s opinion (Table 5), and based on the expert‟s 

weighting, the suitability map for Pinctada martensii, in term of chlorophyll-α 

concentration, had been generated (Figure 17) 

 

 
Figure 16 Average chlorophyll-α concentration in costal water of Yingpan 

 

 

 



Tabel 5 Suitability scores for creating chlorophyll-α suitability map 

 

Suitability Score Chlorophyll-α (mg/m
3
) 

0 No Data area, 114~134 

1 99~113 

2 2, 84~98 

3 3, 68~83 

4 4, 53~67 

5 5, 39~52 

6 6, 24~38 

7 7, 9~23 

8 8 

 

 

 

Figure 17 Suitability map of chlorophyll-α concentration for Pinctada martensii 

aquaculture 

 

4.2.3 Suspended sediment concentration  

From the daily MODIS data that were processed from level-0 (described in the 

previous paragraph), normalized water leaving radiance at 443nm and 555 nm were 

extracted. The average result of them (Figure 18) were used to calculate suspended 

sediment concentration (SSC) images following Pan‟s equation (Liao et al., 2005): 

 

𝑆𝑥 = 3.26 × (
𝐿443

𝐿555
)

;3.93
                                    [6] 

 

where Sx is the suspended sediments concentration and the unit for Sx is g/m
3
 

L443 and L555 are the normalized water leaving radiance at 443 nm and 555 nm 

respectively.  
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According to the process of Pan‟s algorithm, the suitability map of suspended 

sediment concentration (Figure 19) was generated according to the suitability scores 

(Table 6) given by expert. 

 

 

Figure 18(a)                             Figure 18(b) 

a: Average normalized water leaving radiance at 443 nm of coastal water of Yingpan 

b: Average normalized water leaving radiance at 555 nm of coastal water of Yingpan 

 

Tabel 6 : Suitability scores for creating suspended sediment concentration map 

 

Suitability scores Suspended Sediment (g/m
3
) 

0 No data area, 67~254 

1 10~14 , 64~66 

2 15~19, 61~63 

3 20~24, 58~60 

4 25~29, 55~57 

5 30~34, 51~54 

6 35~39, 49~50 

7 40~44, 46~48 

8 45 

 

 

 

Figure 19 Suitability map of suspended sediments concentration for Pinctada 

martensii aquaculture 



4.2.4 Bathymetry  

The suitability map process started from a set of sounding points provided by TCarta 

Marine Company. The original data set contains 130 bathymetric sounding points, 

including depth information and coordinate information (Figure 20). Based on the 

discrete points, a bathymetric TIN model was generated by 3D analysis tools in 

ArcGIS (Figure 21). After TIN model generation, the TIN model was converted to 

raster format. This was also done by the 3D analysis tools in ArcGIS.  

 

 

Figure 20 Bathymetric sounding points in coastal water area of Yingpan 

 

Figure 21 TIN model of bathymetry 

The raster format of the bathymetric map is shown in Figure 22, where it can be seen 

that the depth changes from 0 to 14 meters. Based on the corresponding suitability 

sources (Table 7) the raster map had been reclassified into a bathymetry suitability 

map (Figure 23) 
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Figure 22 Bathymetric map of costal water of Yingpan 

 

Tabel 7 Suitability scores for bathymetry map 

 

Weight Bathymetry(m) 

0 No Data area, 0~2.5 

1 2.6 ~ 3.0 

2 3.1 ~ 3.5 

3 3.6 ~4.0 , 14.1 ~ 14.5 

4 4.1 ~ 4.5 , 12.1 ~14.0 

5 4.6 ~ 5.0 , 10.1 ~ 12.0 

6 5.1 ~ 5.5 , 9.1 ~ 10.0 

7 5.6 ~6.0 , 7.1 ~9.0 

8 6.1 ~ 7.0 

 

 

 

Figure 23 Suitability map of bathymetry for Pinctada martensii aquaculture 

 

 

 



4.2.5 Distance to town and pier 

The process for creating the suitability map of distance to town began with the 

screen digitizing of Landsat ETM+ (2000) images. But this process turned out to be 

very difficult and inaccurate, because with the resolution of 28.5 m it is almost 

impossible to identify the outline of the towns and villages. A compromise solution 

for this project had to be made where 90 points captured from Google Earth 5.0 along 

the outline of the corresponding towns/villages were added into the Landsat ETM+ 

image which based on those points, 25 different towns/villages were digitized. From 

the digitized towns/villages a series of buffer zones with 1 km spacing were created. 

Finally, according to the suitability scores (Table 8), the buffer zones were arranged 

into a hierarchical category to generate the suitability map for Pinctada martensii 

aquaculture in the perspective of distance to town (Figure 24).  

 

Tabel 8 Suitability scores for distance to town 

 

Suitability scores Distance to town (km) 

1 17~20 

2 14~17 

3 11~14 

4 9~11 

5 7~8 

6 4~7 

7 2~4 

8 0~2 

 

 

Figure 24 Suitability map of distance to town for Pinctada martensii aquaculture 

 

The process for the distance to pier layer is very similar to the previous part. The 

position was also captured from Google Earth 5 and followed the same manipulation, 

with the different suitability scores form expect (Table 9), and the final suitability map 

of distance to pier for Pinctada martensii aquaculture is shown in Figure 25. 
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Tabel 9 Suitability scores for distance to pier 

 

Weight  Distance to Pier (km) 

1 11~16 

2 10~11 

3 9~10 

4 8~9 

5 7~8 

6 6~7 

7 4~6 

8 0~4 

 

 

 

Figure 25 Suitability map of distance to pier for Pinctada martensii aquaculture 

 

 

4.3. Constraint layers generation 

The process for constraint layer generation is much easier than the factor layer 

generation. The harbor area (Figures 26) was captured form the electronic 

navigational charts in South China Sea. While all the others were digitized from the 

Landsat ETM+ (2000) images, and manually assigned Boolean values afterward. The 

constraint layers marked the place of river mouth, saltern/shrimp ponds, tourism zone, 

harbor area and non-related water area (see appendix). The non-related water area 

described the water area of Beihai bay (Figure 27), which is not included in the study 

area. The reason that this area was excluded from the mask is because it makes the 

mask somehow geographically meaningful and also pleasing the view.  

 

 



 

Figure 26 Constraint map for harbor area 

 

 

Figure 27 Constraint map for non-related water area 

 

 

4.4. Construction of the GIS-based MCA model 

The first stage to create the GIS-based MCA model was to determine weight for every 

criterion. Although there exists many weighting methods, the pairwise comparison 

method developed by Saaty in1977 in the context of the analytic hierarch process 

(AHP) was employed to generate the relative weights for each criteria. Consequently, 

by manipulating the pairwise comparison for each factor, the relative importance level 

for each factor can be provided. In this project the relative importance level was given 

by Professor Yingshen Li, College of Fisheries and Life Science, Shanghai Ocean 

University, China. He is the secretary general of pearl industry research and 

development center in Shanghai, China. He has published more than 20 scientific 

papers and books about the pearl culture, meanwhile he holds three patent of 

invention in aquaculture technology. From the opinion of professor Li, the relative 

importance level of the factors was evaluated by a 20-point scale. The scale started 

from the least important (1, 2, 3 and 4) to most important (17, 18, 19 and 20), after the 

pairwise comparisons were made, the principal eigenvector in a pairwise comparison 

matrix was generated giving suitable weights for each criteria. The result of pairwise 
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comparisons and weight result is presented in table 10. The advantage of using AHP is 

that the method can calculate the consistency ratio of the weight distribution. A 

consistency value equal to 0.1 or less means the criteria weighting is acceptable and 

demonstrated good consistency in judgment (Saaty, 1977; Radiarta et al, 2008) 

 

Tabel 10 The pairwise comparison matrix for evaluating the weights for factors for 

pearl oyster Pinctada martensii aquaculture site selection in coastal water area in 

Yingpan, Beibu Gulf, China 

 

  SST SSC Chlorophyll Bathymetry 
Distance 

to Town 

Distance 

to Pier 
Weight 

SST 1 3/2 9/8 9/4 6/5 18/5 0.24 

SSC 2/3 1 3/4 3/2 4/5 12/5 0.16 

Chlorophyll 8/9 4/3 1 1/2 16/15 16/5 0.22 

Bathymetry 4/9 2/3 1/2 1 8/15 8/5 0.11 

Distance2town 5/6 5/4 15/16 15/8 1 3/1 0.2 

Distance2Pier 5/18 5/12 5/16 5/8 1/3 1 0.07 

Consistency Ratio: 0.00           

 

The model of suitability site map for Pinctada martensii was implemented through 

the model builder in EARDAS Image 9.3. It was structured upon the MCA procedure 

also known as the weighted linear combination to combine the multi-criteria 

(Malczewski, 2000). The algorithm is as follows: 

 

𝑆 = ∑(𝑊𝑖𝑋𝑖) × 𝐶                                                              [7]  

where S is the suitability, the range for S in this project is 0 to 8, Wi is the weight for 

factor i where ∑Wi=1, and Xi is the criterion for factor i. C is the constraint  

 

𝐶 = 𝐶𝑛 × 𝐶𝑛:1 × ⋯ × 𝐶𝑚                                 [8]        

 

where C is the Boolean constraint, Cn is the criterion score for constraint n, n usually 

starts at 1, the number of m depends on the number of the constraint setting which in 

this project equals 5. 

All spatial data used for this model in this project were built on the WSG 84 UTM 

zone 49 north coordinate system, and all the data/map layers that were put into the 

GIS model were built based on 28.5 m×28.5 m pixels size, interpolated by Kriging 

interpolate method. 
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5. Results and discussions 

 

The resulting statistics for the eleven criteria are presented separately for the two 

submodels in table 11 and the corresponding spatial distributions for the factor model 

and the constraint model are show in Figures 28 and 29.  

 

Tabel 11 Suitability level distribution for pearl oyster aquaculture site selection in 

costal water area in Yingpan, Beibu Gulf, China 

 

          

Suitability 
0 1 2 3 4 5 6 7 8 

 Criteria % 

Biophysical   

Sea Temperature 5.83 0.07 0.13 0.33 0.56 1.03 71.86 13.66 6.54 

Chlorophyll-α 9.25 0.01 32.64 0.01 14.22 13.34 10.65 13.84 6.05 

Suspended Sediment 15.73 3.94 15.95 14.76 10.71 12.04 10.11 14.66 2.11 

Bathymetry 37.36 4.99 5.12 5.18 4.41 9.61 9.94 16.86 6.54 

Social-economic   

Distance to Town NA 1.33 7.29 16.74 13.83 16.59 22.59 13.43 8.19 

Distance to Pier NA 47.52 6.33 12.3 13.8 7.11 5.59 5.39 1.96 

 Factor Model 1.69 3.35 3.13 23.18 32.4 33.37 2.88 0.001 NA 

Constraint   

Harbor 10.53 89.47 NA NA NA NA NA NA NA 

River Mouth 3.38 96.62 NA NA NA NA NA NA NA 

Slatern/Shrimp Ponds 0.38 99.62 NA NA NA NA NA NA NA 

Tourism 2.56 97.44 NA NA NA NA NA NA NA 

Non-related Area 16.85 83.15 NA NA NA NA NA NA NA 

Constraint Model 25.71 74.29 NA NA NA NA NA NA NA 

Final Result 25.74 0.85 1.12 21.31 22.67 25.91 2.4 0.001 NA 

 

Comment: Total potential area is 913 km
2
 

 

 

 

   

 

 

 

 



 
Figure 28 Result of the Factor model 

 

 
Figure 29 Result of the Constraint model 

 

In order to provided the suitable conditions for Pinctada martensii culture, 

appropriate biophysical environmental conditions must be treated as a very important 

consideration. In this model, sea surface temperature, chlorophyll-α concentration, 

suspended sediment concentration and bathymetry were the indexes used to evaluate 

the biophysical environment. No data area had a score of 0. About 6% of the potential 

area had the most suitable score (8) for Pinctada martensii from the perspective of sea 

surface temperature, chlorophyll-α concentration, and bathymetry (Table 11), while 

only 2% of the area in suspended sediment concentration was accounted for the score 

of 8. In the social-economic model the land-based facilities and infrastructure were 

taken into consideration of the criteria settings. With the participation of the 

social-economic model the process result will be more accurate and trustable. 

Approximately 8% area for distance to town criteria were classified as high score (8), 

while the same score for criteria of distance to pier only were ca 2%. Score of 1 and 2 

accounted for 54% for the distance to pier and results pointed to locations that 

generally are far away from land-based facilities and infrastructural, while, only 9% 

of the potential area was assigned the same scores for distance to town criteria. Finally, 

based on the six criteria from the biophysical model and socio-economic model, the 

factor model was generated (Figure 28). No area of the potential area had the most 

suitable score (8), and only 0.001% of the area have a score of 7. Approximately 68% 

and 6% of the area were ranked as middle score (4, 5 and 6) and lower score (3 and 2), 
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respectively. Only 3% of the potential area was classified as the least suitable place, 

and about 2% of the potential area was treated as the not optimal area for the 

unsuitable biophysical conations and no data record. 

  The constraint model contains the limits information for choosing suitability site 

for Pinctada martensii. The harbor area (Beihai harbor and Tieshan harbor), areas 

located in the river mouth (e.g., Red river, Beilunhe river, Dafengjiang river and other 

small rivers), saltem and shrimp ponds along the costal line, tourism zone, and 

non-relate water area were considered as constraints. Those constraint areas were 

assigned the score of 0. They cover about 26% of the potential area in the constraint 

model (Table 11 and Figure 29) 

  In the final output for Pinctada martensii suspending culture sites suitability, no 

potential area had a sore of 8 and the place classified as score of 7 is also very limited 

(0.009 km
2
), while 51% of the area was arranged as middle score (4, 5, and 6), 

whereas, about 23% of the place were considered as areas has with the lowest scores 

(1, 2, and 3).  

 

 

Figure 30 Final sites selection map for pearl oyster Pinctada Martensii aquaculture in 

costal water of Yingpan, Beibu Gulf, China 

 

This study focused on addressing optimal sites for hanging culture of the pearl oyster 

Pinctada martensii. The whole modeling process showed the capability of GIS to 

integrate different data from different resources. However, the quality of the data 

directly affects the accuracy of the GIS analysis results (Nath et al., 2000). In this 

study, most of the data were extracted from MODIS Aqua and Landsat 7 satellite 

images. In oceanography the ocean water was classified into two types, case I water 

and case II water. Case I water is the water of the abyssal region, where the 

biochemical values, such as salinity, suspended sediment concentration and 

chlorophyll concentration, are relatively stable. Case II water is the water near the 

coastal area. Due to the influence from the continent and human activities, 

biochemical values for case II water are complicated and very hard to predict. The 

algorithm used to generating the chlorophyll-α concentration is OC3v4 which was 

officially released by NASA in February 2010 and designed for calculating the 

trustable chlorophyll-α concentration in case I water. The water type in Beibu Gulf is 

case II water. How accurate of the algorithm for the Beibu Gulf water is still need to 



be proved by field data. Moreover, the algorithm used to evaluate the suspended 

sediments concentration was originally designed for Sea-viewing Wide Field-of-view 

Sensor (SeaWiFS). However, SeaWiFS only provide 1.1 km resolution which is 

somewhat poor for this small region‟s research, and MODIS Aqua has 250 m 

resolution. In this case I deiced to use the algorithm for MODIS Aqua‟s data, for both 

satellites images containing the same bands, to calculate the normalized water leaving 

radiance at 443 nm and 555 nm. But, like the problem of OC3v4, the accuracy of the 

suspended sediments concentration is still needed further verification from the experts. 

Last, due to the relatively low resolution of Landsat ETM+ (2000) images, the 

outlines of towns and villages were coming from the screen digitization of in Google 

Earth; obviously the accuracy of this compromise leads to resolution much lower than 

a field survey would yield.  

  In GIS, quality of the geospatial data also include the perspective of 

spatio-temporal accuracy, or in other words, GIS data should be updated. However, 

GIS data can be very expensive, and balancing costs and data accuracy has always 

been a big problem for GIS. Because this project is only a bachelor thesis and without 

any financial assistance, the author cannot afford to purchase expensive high 

resolution satellite images. The main source for generating the social-economic model 

and constraint model are Landsat ETM+ (2000) images, which are free for the 

academic research project. But the data was captured nearly ten years ago. The past 

20 years of rapid economic development in China has greatly promoted the progress 

of modernization and urbanization of coastal areas. This has greatly reduced the 

timeliness of geospatial data. Obviously, the Landsat ETM+ (2000) images are a bit 

old for this project.  

All in all, due to the uncertain factors discussed above, the result of this study 

cannot be treated as the absolute true situation. But it provides a mean to help the 

decision maker(s) to makes the right choice. This is also the original intention for GIS 

application for decision making.  
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6. Conclusions and future perspectives 

 

The application of the GIS-based MCA model shows that it works effectively to set 

up the spatial models for addressing the optimal sites for suspended culture of pearl 

oyster Pinctada martensii. As expected, the environmental conditions in costal water 

area of Yingpan are getting worse, and the traditional pearl oyster culture area is no 

longer as suitable for pearl industry as before. 

This study shows that suitable data (e.g., remote sensing images) and GIS serve as 

a very powerful tool for the aquaculture decision making process and site selection in 

particular. The result coming from the GIS analysis is largely subject to the input 

geographical information data where remote sensing technology expands the capacity 

for collecting geographic information. Based on such data that are impossible to be 

collected manually, GIS analysis becomes very robust. As more and more information 

can be extracted from satellite images, and also with the improvement of accuracy of 

the remote sensing data, the range of applications for GIS has also been expanded. 

Besides, the study has also discussed the feasibilities of using GIS as a tool for 

decision making in the coastal area of China, which provides a good example for 

fisheries research by GIS for the future work. 

Even if the study of this thesis has already been performed, there still remains a 

problem: to verify the results. Verification for GIS-based multi-criteria is absolutely 

essential, both for quality control of certain data and for testing the result from the 

models (Nath et al., 2000). Critically, this study should make comparisons between 

the suitable sites in GIS model and existing pearl oyster Pinctada martensii 

aquaculture operations. However, due to the short research time, currently, this 

project could not allow for field data collection. The verification part should then 

also verify the accuracy and authenticity of OC3v5 and Pan‟s algorithms for the 

specific conditions that exist in the water area of Beibu Gulf and lay the foundation 

for other research which need to use those two algorithms.  

One of the most important aims for this study, which now had been achieved, was 

by a case study to set up an example for pushing GIS application forward in 

aquaculture management in coastal communities in China. Furthermore, the earlier 

suitable sites which today show low scores are areas that have been subjected to 

severe pollution. The result is not optimistic. The local government should try to 

improve the conditions for the farming environment as their first priority rather than 

continue to expand production. 
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Appendix 

Here in the appendix are the supplementary figures and tables for this thesis. Figures 

1 to 3 are the constraint maps, they are river mouth area, saltern/shrimp ponds and 

tourism site. Table 1 is the coefficient settings and SST4 uncertainties (K) for the 

mid-range infrared bands, which categorized into with and without stratospheric 

aerosols present part. Table 2 is the instrument technical specifications for MODIS 

Aqua sensor.  

 

 

Figure 1 Constraint map for river mouth 

 

 

Figure 2 Constraint map for saltern/shrimp ponds 

 

 

Figure 3 Constraint map for tourism constraint 



Table 1 Coefficients and residual SST4 uncertainties (K) for the mid-range infrared bands 

 

Without stratospheric aerosols present                With stratospheric aerosols present 

Comment: the data of the table was revised from the original report by run up to two decimal 

 

 

 

 

 

 

 

 

 

Algorithm: Bands 22, 23 coefficients 
 

Algorithm: Band 22, 23 coefficients 

 
a b c 

  
a b c 

No seasonal 0.48 1.62 -1 
 

No seasonal -4.43 1.83 -0.8 

 
m n p 

  
m n p 

Seasonal -0.01 -34 0 
 

Seasonal -0.22 -24.22 -0.08 

Seasonal + Zonal: m n p 
 

Seasonal + Zonal: m n p 

Lat: 23.45S - 23.45N -0.01 44.7 0 
 

Lat:23.45S - 23.45N -0.16 -28.37 -0.02 

23.45 - 46.9 N/S -0.01 -9.1 0 
 

23.45 - 46.9N or S -0.27 -28.76 -0.12 

Poleward of 46.9 N/S -0.01 -34 0 
 

Polweard of 46.9N/S -0.22 -24.22 -0.08 

         
Algorithm: Bands 20, 22 coefficients 

 
Algorithm: Bands 20, 22 coefficients 

 
a b c 

  
a b c 

No seasonal 1.64 0.01 1 
 

No seasonal -2.45 -0.29 1.31 

 
m n p 

  
m n p 

Seasonal -0.02 -28 0 
 

Seasonal -0.18 -25.65 -0.07 

Seasonal + Zonal: m n p 
 

Seasonal + Zonal: m n p 

Lat; 23.45S - 23.45N -0.02 -65 0 
 

Lat: 23.45S - 23.45N -0.11 -26.5 -0.01 

23.45 - 46.9N/S -0.02 -28 0 
 

23.45 - 46.9N/S -0.21 -31.89 -0.14 

Poleward of 46.9N/S -0.021 -28 0 
 

Poleward of 46.9N/S -0.18 -25.65 -0.08 

         
Algorithm: Band 20, 23 coefficients 

 
Algorithm: Bands 20, 23 coefficients 

 
a b c 

  
a b c 

No seasonal 1.64 0.8 0.3 
 

No seasonal -7.72 0.15 0.89 

 
m n p 

  
m n p 

Seasonal -0.09 -15 0 
 

Seasonal -0.24 -28.2 -0.07 

Seasonal + Zonal: m n p 
 

Seasonal + Zonal: m n p 

Lat: 23.45S - 23.45N -0.1 -48 0 
 

Lat: 23.45S - 23.45N -0.16 -32.85 0.01 

23.45 _ 46.9 N/S -0.05 0 0 
 

23.45 - 46.9N/S -0.24 -26.07 -0.22 

Poleward of 46.9 N/S -0.09 -15 0 
 

Poleward of 46.9N/S -0.24 -28.2 -0.07 

     



43 
 

Table 2 MODIS (Aqua) Technical Specifications 

 


