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ABSTRACT 

 

Increasing population, developmental pressures, high demand of 

limited land resources, competition on water resources, and lack of land use planning 

continually contribute to the degradation of water quality of river. To curb this 

problem, integrating land use planning and surface water quality might be a right 

approach to improve water quality for environmental protection. U-tapao River Basin 

(URB) is a sub catchment of the Songkhla Lake Basin (SLB) which is located in the 

southern part of Thailand. It is an important river of the basin and very much 

influenced from point sources and non-point sources of pollution generated from two 

major cities, Hatyai and Songkhla. The main goal of this study was to formulate the 

effective methodology to evaluate land use planning on water quality framework in 

the basin level. The objectives of this study were: i) to find the relationship of land 

uses and water quality; ii) to prepare land use planning map on the basis of land 

suitability ; and iii) to evaluate land use planning on water quality framework.  

Water quality data were collected from the existing monitoring 

framework of Regional Environmental Office-16, Songkhla and land use data were 
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manipulated from the land use maps, provided by the Land Development Department, 

Thailand by using Geographic Information Systems (GIS). Correlation and regression 

analyses were performed to determine relationships among the water quality 

parameters and land uses. Analysis of variance (ANOVA) was used to determine 

variation of mean values of water quality parameters and land uses.  

Analyzing temporal and spatial variations of water quality parameters, 

it was found that the water quality status of river is moderately polluted and the 

downstream region is more polluted than upstream region of the basin. The study also 

identified clear relationship between land uses and water quality parameters. The 

urban land showed positive correlation with water quality parameters. In contrast, the 

agriculture land showed negative correlation with temperature (TEMP) and biological 

oxygen demand (BOD) and positive correlation with dissolved oxygen (DO).  

Analyzing the spatial, annual and seasonal variations of water quality parameters, it 

was found that TEMP was the most sensitive parameter for variation analysis. By 

performing multiple regression analysis, four predictive models for water quality 

parameters (TEMP, pH, DO and BOD) in basin level were successfully established.  

From land use perspective, agriculture, especially rubber is the 

dominating land use of the basin. Due to various reasons agriculture land has been 

converted to urban land thus creating serious environmental problem in the basin. The 

conversion of fertile agriculture land to urban land is a serious issue of policy makers 

or decision makers of this region. To effectively manage the land resources of the 

basin, the study successfully generated the land use suitability maps of agriculture 

(rubber), forest and urban in basin level by utilizing the concept of Multi Criteria 

Decision Making (MCDM) in Geographic Information Systems (GIS) environment.  
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By utilizing concept of land suitability analysis, this study proposed 

sustainable principle based land use planning map of the basin. To evaluate the 

effectiveness of the proposed land use planning map on water quality framework, it 

was compared with real land use map of the year 2009 and some other land use maps 

of the basin. It was found that the proposed land use planning map is better than other 

maps with respect to water quality.  

Since the main goal of this study was to develop effective 

methodology to evaluate the land use planning; the study forwarded the methodology 

of evaluating land use planning on water quality framework. This concept is simple as 

well as practical and it is highly recommended to policy or decision makers of river 

basin and Lake Basin management to implement in real life. With slight modification 

of original concept, the local as well as regional planners can use this concept to 

evaluate their regular land use planning proposals. Besides these, the concept of this 

study is very useful for those academic researchers who are interested to link land use 

with water quality parameters and land use planning.  

 

Keywords: Geographic Information Systems (GIS), Land use planning, Multi Criteria 

Decision Making (MCDM), Suitability analysis, Sustainable Development, U-tapao 

River Basin, Water Quality 
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CHAPTER 1 

INTRODUCTION 

 

Background 

Globally, human population is increasing at unprecedented rate. This 

has created a tremendous stress on local, regional, and global environment (Deng et 

al., 2008; Chakrabarty, 2001). Industrialization and urbanization have brought 

prosperity, and at the same time, have resulted in many environmental problems 

(Deng et al., 2008). Fast increasing population in developing countries in recent years 

has become one of the reasons to raise the demand for food and fuel (Food and 

Agricultural Organization of United Nations [FAO], 1986). It is believed that 

population growth, urbanization, and industrialization are major causes of changing 

land use pattern of society (Chakrabarty, 2001) and water quality of river system 

(Sliva & Williams, 2001). Therefore, the changing pattern of land use is one of the 

major driving forces in global environmental changes and essential debate of 

sustainable development (Lambin et al, 2000). 

Many studies have shown that land use has a strong impact on water 

quality, and significant correlations exist between water quality parameters and types 

of land use (Ahearn et al., 2005; Basnyat et al., 1999; Elzabeth & Machiwa, 2004; Li 

et al., 2009; Sliva & Williams, 2001; Tong & Chen, 2002; Tu & Xia, 2006). The 

impacts of land use on water quality found in previous studies mentioned that human 

activities like agricultural, forest management, industrial and residential wastes 

discharge are very much related to water quality (Basnyat et al., 1999; Duh et al., 

2008; Sliva & Williams, 2001). Generally land use types are related to economic 
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activities and these developments have adverse impacts on water quality as well 

(Fisher et al., 2000). In other words, higher percentages of these developed land uses 

are related to higher concentrations of water pollutants. In contrast, negative 

relationships are usually found between percentages of undeveloped lands and 

concentrations of water pollutants, indicating that undeveloped lands are usually 

related to good water quality (Tu, 2011). 

Increasing population, developmental pressures, high demand of 

limited land resources, competition on water resources, and lack of land use planning 

continually contribute to the degradation of water quality of river (Callender & Rice, 

2000). Agricultural areas occupying larger portion of landscape are one of the 

important sources pollution when rainfall caries sediment, nutrients, or chemicals to 

rivers (Clausen & Meals, 1989). Urban development is also one of the causes of 

substantial modification to flood runoff timing and volume. Urban areas are rapidly 

changing by local and global forces and are often beyond the control (Deng et al., 

2008). It is very urgent to develop an effective land use management system to 

manage the changing pattern of land use structure for sustainable development of the 

society (Pornipaatepong et al., 2010). Sustainable development has become widely 

recognized goal for human society as deterioration of environmental and social 

conditions in many areas of the world continues (Deng et al., 2008). Since, 

sustainable development means taking care of ecological, social, and economic 

aspects of development; it also includes the conservation of resources for the future 

generation. Therefore, integrating land use planning with water quality management 

will be a major player in sustainable development and the society will benefit from 

socio-economic development as well as environmental protection.  
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Identification of problems 

The U-tapao river, located in southern part of Songkhla Lake Basin, 

Thailand, is an important water resource for people living in this area. Over the last 

ten years, combination of different factors affected the water quality of U-tapao river 

and turned to a polluted habitat and thus altering river ecosystem. Some of the major 

causes of this pollution are: rapid, unplanned urban and industrial expansions, 

domestic and industrial waste discharge into the river and other non-point pollution 

such as run-off from streets and highways (Gyawali et al., 2011c). Untreated domestic 

wastewater, frequent flooding and street runoff all contribute to water quality 

deterioration for waterways, which have been affecting environment and socio-

economic structure of the basin. Besides these, liquid wastes from wide variety of 

industries located on the banks are being directly discharged into the river without 

proper treatment. Obviously, the river has been adversely affected by these discharges 

(Gyawali et al., 2012c). In addition, the lower section has experienced urbanization 

over the past three decades as the cities of Hatyai and Songkhla have grown and 

developed (Gyawali et al., 2012a). Given the reasons, the water quality of the U-tapao 

river is expected to continue to deteriorate in future.  

Increasing population and enhancing urbanization processes are 

converting softer green spaces of a river basin into impermeable hard concrete 

surfaces. The changing pattern of agricultural land to urban settlement has impacted 

negatively on the ecological integrity and hydrologic process in the basin. In U-tapao 

river basin, the population and the pressure on land are ever increasing and current 

land use systems are not sustainable as they contribute to the problems of land 

degradation (Gyawali et al., 2012c). Therefore it is important to make a wise 
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assessment of the land suitability for U-tapao river basin for sustainable development. 

The sustainable land use planning, therefore, involves the decision of land use so that 

the available resources are identified and utilized (Chen et al., 2005). Current land use 

planning in U-tapao river basin is not based on land assessment, therefore, there is a 

need to use land in most rational way by suitability matching current land types and 

land uses. Land suitability evaluation is always done by considering the principles of 

sustainability of land resources which help in preventing land degradation and further 

generates maximum possible output with minimum resources. In conclusion, the main 

problems of U-tapao river basin are the deteriorating water quality of river, changing 

agriculture land to urban land and increasing population. And, these problems could 

be managed by implementation of effective land use planning in basin level.  

 

Research Objectives 

Evaluation of land use planning is a challenging issue. It is necessary 

to develop effective decision making tool for evaluation of land use planning on 

environmental basis for sustainable development. This study aimed to develop 

specific technique to evaluate land use planning on the basis of water quality 

framework.  

Specific Objectives  

1. To find the relationship of land uses and water quality 

2. To prepare land use planning map on the basis of land 

suitability 

3. To evaluate land use planning on water quality framework 
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Conceptual framework  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Conceptual Framework of the Study 
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with water quality of river and to develop predicting a model for water quality. Many 

previous studies have established the predicting models for water quality parameters 

by the combination of various land uses (Amiri & Namane, 2008; Azyana & 

Norulaini, 2012; Lie et al., 2008; Nakane & Haidary, 2010; Tu & Xia, 2006; 

Zampella et al., 2007) and current methods on predicting water quality in river based 

on land-use patterns are still in their developmental phase. In the case of U-tapao river 

basin, from extensive literature survey, no previous studies have ever been done to 

establish the relationship of land use patterns and water quality parameters. Therefore, 

this study tried to establish the relationship of land use patterns with water quality 

parameters by using existing methodology in new study area. This approach will be 

beneficial to other researchers who want to link land use and water quality in U-tapao 

river basin as well as other similar river basins. Results of the study will also amplify 

our understanding of the water quality of the river as well as land use. It also suggests 

actions which could be taken to mitigate impacts and improve the water quality in the 

watershed. 

Identification of potentiality or suitability of land uses is a very 

important aspect for land use management. Generally, suitability analysis of 

agriculture has been done in many parts of the world (Tienwong et al., 2009; Thapa & 

Murayama, 2007; Mustafa et al., 2011). Even though the dominating land use of the 

U-tapao basin is agriculture, there are no suitability studies on agriculture in the U-

tapao river basin. This study has developed land use suitability map of river by using 

MCDM in GIS environment. Applying this concept, land use suitability maps of 

different crops can be generated. This study also forwarded the concept of land use 

planning by allocating land suitability of agriculture and urban by protecting forest 
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and water body. Land use planning can be generated in other basins or regions by 

allocating the land use suitability concept. Besides these, this study tried to develop 

the effective technique to evaluate the land use planning on water quality framework 

and this technique is very flexible and can be extended to other sectors with some 

modification.  

In short, the information derived from this study can have direct 

application values to planners and policy makers for defining the impacts of land use 

on water resources and for implementing long-term planning and management 

schemes. The results of this study might be useful to those researchers who are 

interested in land use and water quality issues as well as land use planning of the U-

tapao river basin. Therefore, this study provides the holistic view of land use planning 

by considering the environmental, social and economic issues and it is a new 

approach of planning for sustainable development of river basin.  
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Thesis Organization  

As this thesis has different sections, the summary for each section is 

given below to help readers identifying the content.   

First chapter: It includes background, identification of problems, 

research objectives, conceptual framework, and significance of the study.  

Second chapter: It includes review of literature of surface water quality 

management, sustainable development concept, land use planning and suitability 

analysis, Multi Criteria Decision Making (MCDM) and Geographic Information 

Systems (GIS).  

Third chapter: It includes details of study area.  

Fourth chapter: It includes research methodology section of land use 

and water quality aspects. 

Fifth chapter: It includes results and discussion of land use and water 

quality issues.  

Sixth chapter: It includes research methodology aspect of land use 

suitability analysis of agriculture, forest and urban aspect of the basin by using 

MCDM & AHP in GIS environment.   

Seventh chapter: It includes results and discussion of land use 

suitability analysis and land use planning of U-tapao river basin. 

Eighth chapter: It includes five different types of scenarios regarding 

land use planning maps and decision making supporting tool of evaluating land use 

planning. 

Ninth chapter: It includes conclusions, recommendations, limitation of 

this research and future research 
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CHAPTER 2 

LITERATURE REVIEW 

 

Background  

Rivers, one of the most valuable natural resources on earth, have been 

utilized by mankind for domestic and agricultural purposes for thousands of years 

with only few of them being in their natural conditions (Nakane & Haidary, 2010; 

Ngoye & Machiwa, 2004). Along with the rapidly growing urbanization and 

industrialization, different activities like unplanned construction and encroachment, 

clearing of riparian vegetation along the banks, disposal of waste materials, and 

unwise mining activities on the rivers are seriously degrading river ecological system 

(Duong et al., 2006; Bagalwa, 2006; Azyana & Norulaini, 2012). There is no doubt 

that anthropogenic activities are directly or indirectly related to the increment of 

pollution of river and polluted river causes not only the deterioration of water quality 

but also threatens human health and the balance of aquatic ecosystems, economic 

development, and social prosperity (Milovanovic, 2007). Generally, water quality of 

river is degraded from point sources and non-point sources pollution; point sources 

pollutants are directed and released into water bodies in man-made pipes whereas 

non-point source pollutants are washed from the earth‘s surface by storm runoff and 

enter water bodies of their own accord (Amiri & Nakane, 2008; Meynendonckx et al., 

2006; Tong & Chen, 2002; Sliva & Williams, 2001).Compared to causes of point 

sources pollution, non-point sources pollution are more complicated to understand 

(Shrestha et al., 2011; Yang et al., 2007; Bahar et al., 2008; Yang & Jin, 2010; Ahearn 

etal.,2005; Sliva&Williams, 2001). 
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However, it is claimed that land use plays an important role in 

determining non-point source pollution. Therefore, changes in land use and land 

management practices are primarily responsible for the alteration of receiving water 

quality and quantity (Ahearn et al., 2005). As water drains from the land surface, it 

carries the residues from the land. As a result, the quantity of water available for 

runoff, stream flow and ground water flow, as well as the physical, chemical, and 

biological processes in the receiving water bodies can be affected (Xian et al., 2007). 

Land use of a given region might influence hydrological processes of the basin. Land 

use changes can cause floods, droughts, and changes in river and groundwater 

regimes, and they can affect water quality. It is, therefore, conceivable that there is a 

strong relationship between land use types and the quantity of water (Sliva & 

Williams, 2001). If land use changes in the future, the levels of contamination will be 

changed accordingly. Many studies demonstrate that surface water quality has 

degraded noticeably in many parts of world due to poor land use practice (Li.et al., 

2009; Zampella et al., 2007) and there seem significant correlations between water 

quality parameters and land use types (Wali et al., 2002; Tu, 2011; Azyana & 

Norulaini, 2012).  

This study has focused on water quality of U-tapao river and a greater 

emphasis in this literature has been given to rivers and streams, not lakes or other 

holding structures such as reservoirs. The study does not examine the impacts of land 

use change on groundwater. It is predicted or expected that water quality of river can 

be avoided through planning by making proper allocation of land use activities 

consistent with the principles of sustainable development (Gove et al., 2001). 

Therefore, a brief introduction of sustainable development has also been explained in 
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this chapter. Another purpose of this study is to develop the effective land use 

planning of the basin by considering the impact of land uses on water quality. For 

effective land use planning, policy or decision makers mostly follow the land use 

planning guidelines of FAO. For this reason, in this chapter, meaning and definition 

land use planning, the planning process, FAO guidelines of land use planning and the 

concept of integrated land use planning are briefly explained. FAO has mentioned the 

procedure of evaluation of land use. For effective evaluation of land use, the 

suitability analysis of land use has to be done. By following the concept of land use 

suitability analysis of FAO, the study has successfully prepared the suitability maps of 

agricultural, forest and urban areas of the basin. Therefore, the methodology of 

suitability analysis is also briefly explained in this chapter.  

 

Water Quality Management 

Water is an important element of all living beings. Despite the fact that 

70% of the earth‘s surface is covered by water, only 2.5% of that water is fresh and 

only 0.3% of that water is available for human use (United Nations‘ World Water 

Development Report [UNWWDR], 2003). Furthermore, pressures on this resource are 

increasing. Currently, it is estimated that around 54% of all accessible freshwater is 

contained in rivers, lakes and underground aquifers and by 2025 this will increase to 

70%. If per capita consumption of water resources continues to rise at its current rate, 

humankind could be using over 90% of all available freshwater within 25 years, 

leaving just 10% for all other living beings (Goldar & Banerjee, 2004). 

World Health Organization (WHO) pointed out 15 threats to sources of 

drinking water and aquatic ecosystem. These include: waterborne pathogens; algal 



12 
 

toxins and taste and odor problems; pesticides; persistent organic pollutants and 

mercury; endocrine disrupting substances; nutrients; aquatic acidification; ecosystem 

effects of genetically modified organisms; municipal waste water effluents; industrial 

point source discharges; urban runoff; landfills and water disposal; agricultural and 

forestry land use impacts; natural sources of trace element contaminants and impacts 

of dams, diversions and climate change (Emmerth & Bayne, 1996).  

In most developing countries, water pollution is a major reason of 

communicable human diseases, misery and death. According to the WHO, about 4 

million children die every year as a result of diarrhea caused by water-borne infection. 

The bacteria most commonly found in polluted water are coliforms excreted by 

human. Surface runoff and consequently non-point source pollution contributes 

significantly to high level of pathogens in surface water bodies. Improperly designed 

rural sanitary facilities also contribute to contamination of groundwater. In some 

regions, natural geology or soils contain high background concentrations of 

phosphorus and arsenic, threatening human and ecosystem health (Arnold & Gibbons, 

1996). Water quality varies depending on natural background or the degree of 

development. Urban and industrial development, accompanied with higher wastes 

inputs from factories, transportation, typically contribute to water pollution (Bledsoe 

& Watson, 2001). The population in the basin has been growing fast hence increasing 

the risk of pollution to this water resource. Water quality in rivers is generally linked 

with land use in the watershed that can affect the amount and quality of runoff during 

and following rainfall. Forestry, agriculture, industrialization and urbanization modify 

watershed characteristics that influence runoff quality and quantity (Schuler, 1994). 

Many problems of water pollution are caused by changes in land-use patterns on 
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catchment areas as population pressure and economic activity increase (Goldar & 

Banerjee, 2004).  

 

Sources of Water Pollution 

Water pollution is generally classified into two categories, namely, 

point source (PS) and nonpoint source (NPS). Point source pollutants are directed and 

released into water by man-made structures. For instance, effluents from industries 

and wastewater treatment plants are point source pollutants. Non-point sources of 

water pollution come from a wide group of human activities for which the pollutants 

have no obvious point of entry into receiving watercourses (Tong & Chan, 2002; 

Sliva & Williams, 2001). Non-point source (NPS) pollution is typically caused by 

rainfall or snowmelt moving over or through the ground, carrying up natural and 

human pollutants, and picking those pollutants into surface waters (Banadda et al., 

2009). Non-point source pollutants are excess fertilizers, herbicides, and insecticides 

from agricultural lands and residential areas, bacteria and nutrients from livestock and 

faulty septic systems, oil grease, and toxic chemicals from urban runoff and energy 

production, sediment from improperly managed construction sites, crop and forest 

lands, salt from roads and irrigation practices, and acid drainage from abandoned 

mines (Davis & Masten, 2004). These pollutants ultimately find their way into 

groundwater, wetlands, rivers and lakes and finally, to oceans in the form of sediment 

and chemical loads carried by rivers and the ecological impact of these pollutants 

range from simple nuisance to severe.  

Unlike point sources pollution like industrial and sewage treatment 

plants, nonpoint pollution sources are difficult to monitor and regulate because of 
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their diffusive nature (Yang & Jin, 2010). Furthermore, NPS pollution impacts at a 

larger scale but generally at lower concentrations, making pollution sources difficult 

to identify. Although NPS pollutants tend to occur in lower concentrations than PS 

pollutants, the environmental impact they cause can be just as severe (Alkharabshs & 

Taanay, 2003). Obviously, non-point source pollution is much more difficult to 

identify measure and control than point sources (Goldar & Banerjee, 2004). 

Consequently, non-point source pollution is a major problem for surface waters 

because often times it is difficult to identify the source of the pollution. Therefore, 

control of non- point sources of pollution is problematic. 

United States Environmental Protection Agency (US-EPA, 1994) 

identified that agriculture was the leading cause of water quality impairment of rivers 

and lakes in the United States (Table 1).  

 

Table 1 

Leading sources of water quality impairment in the United States  

 

Rank Rivers Lakes Estuaries 

1 Agriculture Agriculture Municipal-point sources 

2 Municipal point sources Urban runoff/storm sewers Urban-runoff/storm sewers 

3 Urban runoff/storm Hydrologic/habitat modification Agriculture 

4 Resource extraction Municipal point sources Industrial point sources 

5 Industrial point sources On-site wastewater Resource extraction 

Source: United States Environmental Protection Agency (1994) 

 

Around 72% of assessed river length and 56% of assessed lakes are 

impacted by agricultural activities in USA (Table 2). From these figures, US-EPA 
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declared that agriculture is the leading source of impairment in the nation‘s rivers and 

lakes. European countries also give emphasis on non-point sources pollution on water. 

They are very much concerned on the increased level of nitrogen, phosphorus, and 

pesticide residues in surface and groundwater. Intense cultivation and livestock 

operations are major agricultural non-point sources pollution to surface and 

groundwater pollution. In a recent comparison of domestic, industrial and agricultural 

sources of pollution from the coastal zone of Mediterranean countries, United Nations 

Environment Programme-World Conservation Monitoring Centre (UNEP-WCMC, 

2009) found that agriculture was the leading source of phosphorus compounds and 

sediment.  

 

Table 2 

Percent of assessed river length and lake area impacted  

 

Source of pollution Rivers 

(%) 

Lakes 

(%) 

 Nature of pollutant Rivers  

(%) 

Lakes 

(%) 

Agriculture 72 56 Siltation (sediment) 45 22 

Municipal-point sources 15 21 Nutrients 37 40 

Urban-runoff/storm sewers 11 24 Pathogens 27  

Resource extraction 11  Pesticides 26  

Industrial point sources 7  Organic-enrichment DO 24 24 

Silviculture 7  Metals 19 47 

Hydrologic/habitat modification 7 23 Priority organic  20 

On-site-wastewater disposal  16 chemicals   

Flow modification  13    

Source: United States Environmental Protection Agency (1994) 

 

 

 

 

 



16 
 

Major causes of deteriorating water quality  

  

Agriculture 

Agricultural activities are considered as the leading causes for 

degradation and pollution of aquatic systems (Gove et al., 2001) and also dominant 

component of global economy. It is well known that agriculture is the single largest 

user of freshwater resources, using a global average of 70% of all surface water 

supplies. Agriculture uses two-thirds of the world‘s water and is the greatest source of 

livelihood, especially in the developing world where large portions of the population 

depend on farming to meet daily survival needs (Clausen & Meals, 1989). Reports 

from across the globe have shown that agriculture is a chief contributor to water 

quality degradation by runoff carries fertilizers, herbicides, pesticides, and livestock 

waste in drainage into tributaries, which carry of the runoff into major water bodies 

(Deng et al., 2008). United States Environmental Protection Agency (2000) reported 

that agriculture non point source pollution (NPS) is the leading source of water bodies 

deteriorating (US-EPA, 2000). Poorly managed animal feeding operations, 

overgrazing, too often plowing, and improper, excessive, or poorly timed application 

of pesticides, irrigation of water and fertilizers are the causes of NPS pollution. 

Therefore, agriculture based water pollution is becoming a major concern not only in 

developing countries but also in developed countries (Wang, 2001). However, 

agriculture is both the cause and victim of water pollution. It is a cause through its 

discharge of pollutants and sediment to surface and/or groundwater and it is a victim 

through use of wastewater and polluted surface and groundwater which contaminate 

crops and transmit disease to consumers and farm workers. Anyway, agriculture, as a 

single largest user of freshwater on a global basis and as a major cause of degradation 
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of surface and groundwater resources through erosion and chemical runoff, has a 

cause to be concerned about the global implications of water quality (Clausen, & 

Meals, 1989).The associated agro-food processing industry is also a significant source 

of organic pollution in most countries. Aquaculture is now recognized as a major 

problem in freshwater, estuarine and coastal environments, leading to eutrophication 

and ecosystem damage (Ribbe et al., 2009).  

Agriculture represents a large portion of the land use in the 

river basin. Runoff from these lands could have a major impact on the water quality of 

the river. Therefore, appropriate steps must be taken to ensure that agricultural 

activities do not adversely affect water quality so that subsequent uses of water for 

different purposes are not impaired (FAO, 1997) and FAO recommended some action 

plans to improve water quality as:  

 Establish operational cost-effective water quality monitoring systems for 

agricultural water uses.  

 Prevent of adverse effects of agricultural activities on water quality for other 

social and economic activities through optimal use of on-farm inputs and the 

minimization of the use of external inputs in agricultural activities.  

 Establish biological, physical and chemical water quality criteria for 

agricultural water users  

 Prevention of soil runoff and sedimentation.  

 Proper disposal of sewage from human settlements and of manure produced 

by intensive livestock breeding.  

 Minimization of adverse effects from agricultural chemicals by use of 

integrated pest management.  
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 Education of communities about the pollution impacts of the use of fertilizers 

and chemicals on water quality and food safety. 

The major pollutants arising from agricultural lands are 

nutrients, particularly nitrogen and phosphorus, pesticides, sediment, pathogens, and 

endocrine disrupting substances. The presence of these substances can make water 

unfit for use by human, and can destroy habitat as well (Xian et al., 2007). 

Nutrients: Nutrients are chemical substances that provide nourishment 

and promote growth of microorganisms and vegetation. They include nitrogen, 

phosphorus, carbon, hydrogen, oxygen, potassium, sulfur, magnesium and calcium. 

The addition of nutrients to an aquatic or terrestrial ecosystem increases the biomass 

of plants and, ultimately, decreases the number of species. Generally, agriculture and 

forestry get the benefits from added nutrients, but natural ecosystems generally suffer 

an undesirable change in plant and animal communities. Nutrients from sewage and 

agricultural sources have long been recognized as pollutants of aquatic ecosystems 

(Braskerud, 2002; Carpenter et al., 1998; Jarvie et al, 1998).  

Pesticides: Pesticides are the primary means of control of weeds, 

insects and diseases that affect animal and crop production. Surface runoff, spray drift, 

and direct overspray from agricultural and urban lands are important pathways for 

introducing pesticides to surface waters and due to modern agriculture practices, the 

impact of agricultural pesticides is very severe for ecosystem of water bodies around 

the world (Emmerth & Bayne, 1996).  

Sediments: Much of the increased sediment load to streams arises from 

agricultural practices such as livestock access to streams. These practices increase 

erosion and the movement of soil from farmland into adjacent waters. Much of the 
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phosphorus and pesticide losses from farm land to surface water are bound to eroded 

soil particles. Suspended sediments increase turbidity which results decrease in light 

available for photosynthesis and affect many levels of biological organization. 

Therefore, anthropogenic erosion and sedimentation is a global issue that tends to be 

primarily associated with agriculture and it is believed that it is global sediment 

supply to rivers, lakes, estuaries and finally into the world‘s oceans (Emmerth & 

Bayne, 1996; Daniel et al., 2002; Even et al., 2004).  

Pathogens: Pathogen contamination of aquatic ecosystems is known to 

occur from a range of sources including municipal waste water effluents, agricultural 

wastes, and wildlife. The World Health Organization (WHO) has stated that 

infectious diseases are the world‘s single largest source of human mortality. Many of 

these infectious diseases are waterborne and have tremendous adverse impacts in 

developing countries. Waterborne pathogens also pose threats to recreational waters 

resulting in illnesses and economic impacts on local communities. Another critical 

aspect of waterborne disease is the threat that pathogens pose to aquatic ecosystems 

and biodiversity. Infectious diseases are strong biotic forces that can threaten 

biodiversity by causing population declines and accelerating extinctions (Kuhn et al., 

1997; Emmerth & Bayne, 1996). 

Endocrine Disrupting Substances: Internationally, there is growing 

concern about environmental risks posed by endocrine disrupting substances (EDS). 

These systems can be affected by a number of chemicals, including a wide variety of 

environmental contaminants such as polychlorinated biphenyls (PCBs) and 

organochlorine pesticides, which can exert a diverse array of effects on growth, 

development and reproduction in biota. Intensive agriculture and municipal waste 
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water effluent are two major sources of EDS in the environment (Emmerth & Bayne, 

1996).  

Table 3 

Agricultural impacts on water quality 

 

Agricultural 

 Activity 

Impacts 

Surface water  Ground Water 

Tillage/ Ploughing Sediment/ turbidity/Siltation  

Fertilizing Runoff of Nutrients Leaching of Nitrate 

Manure spreading Pathogens, Metals, Phosphorus and 

Nitrogen 

Contamination by  

Nitrogen 

Pesticides Endocrine Disrupting Substances (EDC) EDC 

Irrigation Salinity Salts, Nitrate 

Aquaculture EDC  

 

Urbanization 

The global population in urban areas is growing at an unprecedented 

rate (Bledsoe & Watson, 2001). Urbanization has brought rapid changes to urban 

spatial structure and greatly increased the amount of stress, in the form of waste and 

pollutants, on the ecosystem. These changes have significantly and adversely affected 

water quality (Wang, 2001). Urbanization affects the environment in many ways. For 

instance, urbanization has been associated with introduction of exotic species, 

modification of landforms and drainage networks, control or modification of natural 

disturbance agents, and the construction of extensive infrastructure (Mander et al., 

1998). With rapid rates of urbanization, sudden and unexpected changes in 

environmental quality may be the cause to unpredictable declines in health of urban 

residents. Another problem of urbanization is altering the hydrology system. As the 

natural landscapes are altered, the percentage of land covered by impervious surface 
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increases. Impervious surfaces can cause serious hydrologic alterations (Arnold & 

Gibbons, 1996). These surfaces prevent natural pollutant processing by decreasing 

infiltration and increasing surface runoff, which increases to peak discharges and 

flood magnitudes (Chakrabatay, 2001).  

Increment of urbanization is very much related with municipality 

waste which is a complex mixture of human waste, suspended solids, debris and a 

variety of chemicals derived from residential, commercial, and industrial sources 

(Banadda et al., 2009). Pollution from municipal sewage is considered to be point 

source and the impact of municipal sewage is directly observed in river system. 

Materials contained in municipal waste water effluents that have a negative effect on 

aquatic ecosystems include: waste materials, nutrients, endocrine disrupting 

substances etc. (Daniel et. al., 2002). Since, municipality waste represents point 

source pollution, with effective management they are relatively simple to monitor, 

regulate and it can often be controlled by treatment at the source because the source 

can be readily identified (Ren et al., 2003).  

Industrialization 

Industrialization is considered to be the cornerstone of development 

strategies due to its significant contribution to the economic growth and human 

welfare, but it carries inevitable costs and problems in terms of pollution of the air and 

water resources (Kannj & Achi, 2011). Worldwide water bodies are the primary 

means for disposal of waste, especially the effluents, from industries that are near 

them. These effluents from industries have a great deal of influence on the pollution 

of the water body; can alter the physical, chemical and biological nature of the 

receiving water body (Yang et al., 2003). Specially, water bodies near the industrial 
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area have been extremely affected from disposal of waste which can alter the physical, 

chemical and biological nature of the receiving water body. Therefore, industrial 

waste is the most common source of water pollution in the present day and it 

increases yearly due to the fact that industries are increasing because most countries 

are getting industrialized (Osibanjio et al, 2011). Industrial waste-water originates 

from the wet nature of industries which require large quantities of water for 

processing and disposal of wastes. Most industries are therefore, located near water 

sources (Adekunle et al., 2010). Due to lack of systematic planning and control 

mechanism, industries have been creating a lot of problems in the water system (Yin 

et al., 2005).  

Deforestation 

The human impacts on the forest for agriculture, cattle ranching or 

urban expansion cause changes on water resources. Deforestation is understood as the 

net conversion from forest to non-forest land cover. Generally, it is believed that 

existence of forest near water body is very helpful for water quality. Due to increment 

of population and industrialization, deforestation rate has been increasing globally. 

This pattern will create problem not only in water quality of rivers or lakes, but also in 

all socio-economic and environmental structures of globe. It also affects bio-diversity 

as well as land use structure. Mostly deforestation creates huge amount of soil erosion, 

ultimately through sedimentation, thereby affecting the quality of water bodies 

(Basnayet et al., 1999; Hess et al., 2006).  
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Land Use Management 

The land use is the product of human decision operating within social, 

political and legal frameworks (Cruz, 2005). For land use management, two terms, 

―land use‖ and ―land cover‖ are very much confusing and considered as the 

synonymous. In general, land use refers to results of human activities, while land 

cover refers to the attribute of natural cover including vegetation, topography, soil, 

surface, and groundwater, as well as artificial construction on the earth surface 

(Lambin et al., 2000). Land use change, is the physical change in land cover caused 

by human activities such as agriculture, and is a common phenomenon associated 

with population growth, market development, technical and institutional innovation, 

and related rural development policy. Land cover changes are linked to the change of 

weather and climate in many ways, as well as to human livelihoods and 

environmental components such as air quality and water supply (Finkenbine et al., 

2000). In this study, land use is expressed in a broad sense, including both land use 

and land cover.  

Urban (or Built-up) Land Use: Urban land includes areas of intensive 

use where a significant percent of the land is covered by impervious materials (e.g. 

buildings, pavement, etc.). This type of land use includes: residential, commercial, 

industrial, transportation, communications and utilities, industrial complexes, mixed 

urban areas etc. So, urban land cover includes land covered by cities, towns, villages, 

strip developments, transportation components, power facilities, communications 

structures, malls, shopping centers, and industrial and commercial complexes. 

Urbanization means the changing land cover types from permeable land to 

anthropogenic impervious surfaces (Christodoulou & Nakos, 1990). By urbanization, 
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impervious surfaces might increase and can alter the natural hydrological condition by 

increasing the volume and rate of surface runoff and decreasing ground water 

recharge and base flow. This eventually leads to larger and more frequent local 

flooding and reduced water supplies for urban and suburban areas (Harbor, 1994).  

Agriculture Land Use: Agriculture land use includes crop and 

livestock production, plant nurseries, orchards, vineyards, and other land-based 

growing activities. This category also includes buildings necessary to conduct 

agricultural activities which are used for various types and direct farm related 

businesses. Agricultural lands are also important for their aesthetic values, and the 

preservation of open space is a major goal of this plan. In global scale, increasing 

population density has forced agricultural production to expand into upland areas. 

This trend resulted in decreasing forest resources with associated soil erosion and 

resource degradation (Helmer, 2004). 

Forest Land Use: Forest lands are primarily wooded or forested. The 

forest land category includes areas to be used primarily for timber harvesting, wildlife 

habitat, hunting, and certain forest-related outdoor recreational activities. Intensive 

recreational uses such as shooting ranges, driving ranges, campgrounds, recreational 

resorts, and commercial hunting or game reserves may be allowed where compatible 

with adjacent land uses. Wet lands and open green space are also included in forest 

land category (Chinea & Helmer, 2003). Due to increment of population and 

urbanization, land use change caused by urban sprawl has been putting great pressure 

on the undeveloped land. Therefore, undeveloped land, mainly forest, has been 

converted into developed land, especially residential land due to the rapid urban 
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sprawl (Helmer, 2004) leading to the main problem of land use management for 

sustainable development.  

Water body: Generally, water body means the land which is covered 

by natural or artificial water like river, stream, lake, reservoir in earth surface. The 

area of water body in the earth is minimum compared with other land uses, but it is 

very important for human survival. From environmental point of view, protection of 

water is an important task for land use management for sustainable development 

(Langebein & Iseri, 1995).  

 

Relationship between land use and water quality 

Surface water is one of the most important components in human life 

and it is used for many purposes. But, this valued resource is being threatened as 

human population growth increases the demand for more water of high quality for 

domestic and economic activities (Eni et al., 2011). The quality of surface water has 

deteriorated in many countries in the past few decades due to changing land use 

pattern around the world (Lee et al., 2009; Rothenberger et al., 2007; Uriorte et al., 

2010; O‘Driscall et al., 2010). Natural processes and both direct and indirect effects of 

human activities are major drivers of land use and land cover change. Land use 

changes are directly affected on water quality streams, rivers, and lakes which are an 

important part of the landscape, as they provide water supply, recreation, and 

transportation for humans, and a place to live for a variety of plants and animals.  

Agriculture Vs water quality 

Agricultural land cover includes land used for production of 

food and fiber. Reports from across the globe have shown that agriculture is a chief 
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contributor to water quality degradation by runoff carried fertilizers, herbicides, 

pesticides, and livestock waste in a drainage basin into tributaries, which carry the 

runoff into major water bodies (Deng et al., 2008). The intensification of agricultural 

practices, in particular the growing use of fertilizers and pesticides are major causes of 

deteriorating water quality. Poorly managed animal feeding operations, overgrazing, 

plowing too often or at the wrong time, and improper, excessive, or poorly timed 

application of pesticides, irrigation water and fertilizers are the causes of non point 

source pollution. Eventually, the changing agriculture land uses also change the levels 

of contaminants of river system (Mahvi et al., 2005).  

Urban Vs water quality 

Even though urban areas cover a relatively small proportion of 

the earth, these areas contain much of the world‘s population and can have significant 

ecological impacts on water quality. During the last few decades, there has been a 

significant shift in global land use towards urban land uses, with increases in both 

residential and other urban uses. Most of the shifts in land use were from agriculture 

or forests to urbanized areas. Even though urbanization has brought rapid changes in 

human life, it has greatly increased the stress, in the form of waste and pollutants, on 

the ecosystem (Ahearn et al., 2005). Urbanization is one of the fastest growing land 

use transformation which is one of the major causes of decreasing the quality of river 

ecosystem (Ho et al., 2003; Moscrip & Montgomery, 1997; Pompeu & Alves, 2005; 

Wang et al.; 2011). In addition, land-use change in urban areas not only decreases the 

area of the vegetation but also enlarges the ratio of the impervious areas and changes 

the hydrology of the basin (Pompeu & Alves., 2005). The negative effects of 

urbanization on watershed hydrology have been recognized for many years (Kearns et 
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al., 2005). Continued land development and land-use changes within cities and at the 

urban fringe present considerable challenges for environmental management (Samat, 

2006). 

It has been found that the unplanned urban and industrial 

expansions and domestic and industrial waste discharge are having a direct impact on 

the water quality of the lakes and rivers. Many previous researches have established 

the relationship of urbanization and water quality. For instance, Eni et al., (2011) have 

found that urban land and other urbanization indicators were highly positively 

correlated with the water quality indicators during a research on the effects of urban 

land use change on water quality in Calbar Municipality, Nigeria. In China, Shanghai, 

Yin et al. (2005) used built-up land surface to investigate the relationship between 

urbanization patterns and water quality. They found strong correlations between 

developed land, population density, and water quality, where contributions of 

untreated domestic wastewater and non-point pollution were majors‘ causes of 

polluting   nearby waterways.  

Industry Vs water quality 

Industrialization is also considered the cornerstone of 

development strategies due to its significant contribution to the economic growth and 

human welfare, but it carries inevitable costs and problems in terms of pollution of the 

air and water resources (Kannj & Achi, 2011). Specially, water bodies near to 

industrial area have been extremely affected from disposal of waste which can alter 

the physical, chemical and biological nature of the receiving water body (Gyawali et 

al., 2012b) resulting in the most common source of water pollution in the present day 

and it keeps on increasing yearly due to the fact that industries are increasing 
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(Osibanjio et al., 2011). Industrial waste contamination of natural water bodies has 

emerged as a major challenge for developing counties. As a result, water bodies 

which are major receptacles of treated and untreated or partially treated industrial 

wastes have become highly polluted.  

Forest Vs water quality 

Generally, forest has minimal effects on water quality. In areas 

covered by forests and rangeland the terrestrial and aquatic environments are in 

dynamic equilibrium. Rainfall is absorbed by the land surface and vegetation and 

released over a long period of time. There is little surface runoff during periods of 

normal rainfall and few nutrients are carried away in drainage waters. Many studies 

have shown that water in forested areas has lower levels of nutrients than water closer 

to human activities (Basnyat et al, 2000; Ngoye & Machiwa, 2004). 

Deforestation and forest degradation are the most important 

land use change processes in the world. In the many parts of the world, economic 

shifts away from agriculture to industrialization lead to decrease in forest cover area. 

Therefore, urban expansion brings with it concern over loss of agriculture or forest 

lands and associated wildlife, loss of cultural or aesthetic value. In the tropical regions, 

rapid and diverse land cover changes occur on the forest and agriculture lands. These 

types of shifting found on industrial and service dominated economy leads to rapid 

urbanization (Islam & Sato, 2012). 

Sustainable Development 

The idea of sustainable development grew from numerous 

environmental movements in earlier decades. The concept of ‗sustainable 

development‘ was introduced by the United Nations World Commission on 
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Environment and Development (WCED) and it can be conceived of in a general sense 

as a process through which there is a satisfaction of human needs while 

simultaneously preserving the quality of the natural environment. The linkage 

between economic development and the natural environment was perhaps first 

acknowledged in 1980 when the International Union for the Conservation of Nature 

published a pamphlet entitled World Conservation Strategy that included the term 

―sustainable development‖ (IUCN,1980). The term, sustainable development, came 

into more general use following the publication of the Brundtland Commission report 

in 1987 (Brundtland Commission, 1987). The Brundtland Commission, which was 

formally known as the World Commission on Environment and Development, was 

created by the United Nations General Assembly.  

The Brundtland Commission established the most commonly used 

definition of sustainable development, as development which ―meets the needs of the 

present generation without compromising the ability of future generations to meet 

their own needs.‖ Sustainable development is a pattern of resource use that aims to 

meet human needs while preserving the environment so that these needs can be met 

not only in the present, but also for future generations. Therefore, sustainable 

development is based on socio-cultural development, political stability and decorum, 

economic growth and ecosystem protection and its main aim is to protect and enhance 

the environment by meeting basic human needs, promoting current and 

intergenerational equity and improving the quality of life of all people. 

 Furthermore, the United Nation (2001) states that the most common 

elements of sustainable development are; firstly, using and protecting the resources in 

such a way that the economic, cultural and social and physical environmental well-
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being of communities is sustained. Secondly, managing those resources in order to 

meet the foreseeable needs of future generations, to safeguard the life-supporting 

capacity of air, water, soil, and ecosystems (including the food-chain), and thirdly to 

avoid, remedy or mitigate adverse impacts of human activities on the resources. 

The theme of sustainable development has no shortage of definition 

offered to define what is meant by sustainable. Fennell & Dowling (2003) argued that 

the sustainable development was seen as a guide to the management of all resources 

in a way that it could fulfill economic, social and needs while maintaining cultural 

identity, ecological process, biological diversity, and life support system. It also 

precedes the development in sustainable way such as promoting the preservation of 

natural resource and applying the sustainability in community development strategies 

and plans. FAO (1995) accepted the sustainable development objectives, and defined 

it as ‗the management and conservation of natural resource base and the orientation of 

technological and institutional change in such a manner as to ensure the attainment 

and continued satisfaction of human needs for present and future generations‘. Such 

sustainable development would conserve land, water, plant and animal resources and 

would lead to environmentally non-degrading, technically appropriate, economically 

viable and socially acceptable production systems (FAO, 1995). Moreover, 

sustainable development is a dynamic process which enables people no relies their 

potential and improve their quality of life in ways which simultaneously protect and 

enhance the earth‘ life support systems. 

Unfortunately these definitions have been difficult to implement in 

practice; consequently, it has been necessary to search for more particular definitions 

of sustainable development. It is now generally recognized that sustainable 
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development does not focus entirely on the environment. The notion of sustainable 

development encompasses three primary areas: the economic, the social, and the 

environmental. As such, sustainable development can be said to rest on three 

fundamental principles: economic development, social development, and 

environmental protection.  

The report of World Commission on Environment and Development 

 

 

The report of World Commission on Environment and Development (WCED, 1987) identified 

a number of key principles including: 

 Inter-generation equity- It means the range of activities and the scope of ecological 

diversity available to future generations is at least as broad as that felt by current ones 

 Intra-generational equity, social justice and poverty alleviation- It is to improve the 

well-being of all residents in a community and does not just benefit the power or the 

rich. 

 Public participation-it means people all share a role to play and communities need to 

collectively make decisions rather than having them imposed by external forces. 

 Environmental protection as an integral component of economic development-

Economic development without environmental conservation is no longer acceptable. 

 Dealing cautiously with risk and uncertainty – In situations where environmental 

impacts of activities are not known, the preferred option is to proceed cautiously or not 

at all, until the likely impacts can be determined. 

 Use of renewable resources at a rate equal to or less than the natural rate of 

regeneration. 

 Accountability—it concerns setting clear standards, and ensuring, monitoring and 

enforcing them. 
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Sustainability  

The concept of sustainability was also highlighted by the International 

Union for the Conservation of Natural Resources in 1980 at its World Conservation 

Strategy (IUCN, 1980). As there is no universally agreed way in which sustainability 

can be achieved, many different views spread over the world and also makes 

confusion when it is used as the synonyms of sustainable development. In general, 

sustainability is the destination, an end-state, and sustainable development is a means 

of getting there. It‘s all about striking the right balance when making decisions, 

ensuring that our economic and social aspirations are achieved within environmental 

limits. 

The concept of sustainability has been applied in different 

organizations and industries by developing own definition based on the UN idea. 

Sustainability is a concept and strategy by which communities seek economic 

development approaches that benefit the local environment and quality of life. 

Sustainable development provides a framework under which communities can use 

resources efficiently, create efficient infrastructures, protect and enhance the quality 

of life, and create new business to strengthen their economies. A sustainable 

community is achieved by a long-term and integrated approach to developing and 

achieving a healthy community by addressing economic, environmental, and social 

issues. Fostering a strong sense of community and building partnerships and 

consensus among key stakeholders are also important elements. 

The United Nations Environment Program (2009) gives more 

explanation that sustainability principles refer to the environmental, economic, and 

socio-cultural aspects of development, and a suitable balance must be established 
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between these three dimensions to guarantee its long-term sustainability; firstly, to 

make the optimal use of natural resources; secondly, to respect the socio-cultural of 

authenticity of host community, and thirdly to ensure viable, long-term economic 

operations, providing socio-economic benefits to all stakeholders that are fairly 

distributed.  

In summary, ―sustainability‖ is a systematic concept, related to the 

continuity of economic, social, institutional and environmental aspects of human 

society and non-human environment. It intends to be a means of configuring 

civilization and human activity so that society, its members and its economies are able 

to meet their needs and express their greatest potential in the present, while preserving 

biodiversity and natural ecosystems, and planning its ability to maintain in the long 

term; sustainability affects every level from the local neighborhood to the entire 

planet. Furthermore, sustainability is the ability to utilize local resources efficiently in 

the long-term by maintaining the ecosystem. 

Agenda 21 and Sustainable Development 

Agenda 21 is a program run by the United Nations (UN) related to 

sustainable development and it was the planet‘s first summit to discuss global 

warming related issues. It is a comprehensive blueprint of action to be taken globally, 

nationally and locally by organizations of the UN, governments, and major groups in 

every area in which humans directly affect the environment. The full text of Agenda 

21 was revealed at the United Nations Conference on Environment and Development 

(Earth Summit), held in Rio de Janerio on June 14, 1992, where 178 governments 

voted to adopt the program. The final text was the result of drafting, consultation and 

negotiation, beginning in 1989 and culminating at the two-week conference. The 
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number 21 refers to an agenda for the 21
st
 century. It may also refer to the number on 

the UN‘s agenda at this particular summit. In 1997, the General Assembly of the UN 

held a special session to appraise five years of progress on the implementation of 

Agenda 21 (Rio +5). The Assembly recognized progress as ‗uneven‘ and identified 

key trends including increasing globalization, widening inequalities in income and a 

continued deterioration of the global environment.  

Agenda 21 explains that population; consumption and technology are 

the primary driving forces of environmental change. It lays out what needs to be done 

to reduce wasteful and inefficient consumption patterns in some parts of the world 

while encouraging increased but sustainable development in others. It offers policies 

and programs to achieve a sustainable balance between consumption, population and 

the Earth‘s life-supporting capacity. It describes some of technologies and techniques 

that need to be developed to provide for human needs while carefully managing 

natural resources. 

Agenda 21 provides options for combating degradation of the land, air 

and water, conserving forests and the diversity of species of life. It deals with poverty 

and excessive consumption, health and education, cities and farmers. There are roles 

for everyone: governments, business people, trade unions, scientists, teachers, 

indigenous people, women, youths and children. Agenda 21 does not shun business. It 

says that sustainable development is the way to reverse both poverty and 

environmental destruction. 

A major theme of Agenda 21 is the need to eradicate poverty by giving 

poor people more access to the resources they need to live sustainably. By adopting 

Agenda 21, industrialized countries recognized that they have a greater role in 
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cleaning up the environment than poor nations, who produce relatively less pollution. 

The richer nations also promised more funding to help other nations develop in ways 

that have lower environmental impacts. Beyond funding, nations need help in 

building the expertise with the capacity to plan and carry out sustainable development 

decisions. This will require transfer of information and skills. 

Agenda 21 calls on governments to adopt national strategies for 

sustainable development. These should be developed with wide participation, 

including non-government organizations and the public. Agenda 21 puts most of the 

responsibility for leading change on national governments, but says they need to work 

in a broad series of partnerships with international organizations, business, regional, 

state, provincial and local governments, non-governmental and citizens‘ groups. 

Therefore, Agenda 21 is a comprehensive plan of action to be undertaken globally, 

nationally and locally. The extensive document covers social and economic issues, 

such as poverty, and environmental issues ranging from the protection of the 

atmosphere to the safe management of waste. The drive towards cataloguing diversity, 

identifying ‗biodiversity hotspots‘ and highlighting the commercial value of 

ecological resources was a major task on under this concept.  

 

Land Use Planning 

Planning is a set of procedures, tools and instruments which is used to 

design and make decisions about what is to be done in the future. One can 

differentiate between formal planning and informal planning. Informal planning is a 

relaxed way of planning whereas formal planning is done by institutions and 

governments to achieve specific goals. Formal planning involves many stakeholders 
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and should be considered as binding once a plan has been approved, and decision 

makers need to stick to it (FAO/UNEP, 1999).  

There are many kinds of plans which are distinguished by their desired 

outcomes and their levels of intervention, for example development plans, strategic 

plans, action plans, operational plans, land use plans, environmental plans or 

construction plans. Other plans are distinguished by the areas they cover: national 

plans, regional plans, village plans, urban plans, rural plans, etc. Generally speaking, 

to plan means to carry out a sequence of actions with the intention to shape the future. 

Formal planning aims at designing developments in an organized and coordinated 

manner. It is a structured process which is guided by considering the following 

questions: What is the present situation? What is the situation we want to have? How 

do we reach that situation?  

With the increasing demand for land, land use planning and land 

evaluation have become more important as people strive to make better use of the 

limited land resources (Jeon & Kim, 2000). In recent years, limited land resources in 

some countries could not meet increasing demands for land. In many developing 

countries, the demand for land becomes more pressing every year due to factors such 

as technical charge, economic development and population increase (Fafchamps & 

Quisumbing, 2002). According to the guidelines published by FAO, (1993) land use 

planning is the systematic assessment of land and water potential, alternatives for land 

use and economic and social conditions in order to select and adopt the best land use 

options. The purpose of land use planning is ―to select and put into practice those land 

uses that will meet the needs of the people best while safeguarding resources for the 

future‖ (FAO, 1993). Land use planning is applied to solve problems of conflicts 
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between certain land use and sustainable environmental development. The 1987 

Brundtland Commission Report promoted the concept of sustainable development, 

which was to become the central theme of the report. Reasonable land use planning 

procedures are basic prerequisites for successful long-term land use development. 

Land use planning needs an integrated procedure to achieve this objective.  

On any given day in most cities and counties across the world, 

numerous land use planning proposals are introduced. Planning is often used by local 

governments to help generate efficient and sustainable development in various 

communities. It uses various techniques for managing the location and character of 

community expansion. Although planning is influenced by state policies, it is 

implemented at the local level (Erickson, 1995). Planning involves the careful study 

and analysis of current land use needs and the anticipation of future needs based on 

population projections. Planners carefully study population projections and suggest 

the amount of land needed for future development in order to support the increased 

population (FAO, 1995). However, traditional land use planning may not engage the 

natural resources and water quality issues in ways that it would be. Land use planning 

has become an important step to ensure long-term sustainability of natural resources. 

Land-use planning may be defined as a systematic process for the arrangement and 

allocation of land resources among period of time and space in accordance with the 

principles of sustainable land-use (Tu, 2010). Accordingly, the focus of land-use 

planning is on regulating and adjusting proportions of lands listed in the system of 

land classification and zoning, as well as resource preservation and protection of the 

environment (Wang, 2001). 
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More specifically, land use planning is a unique plan concerned with 

understanding the connection between human landscape and the ecological and 

physical processes that directly and indirectly sustain our existence The 

environmental or natural resource based approach to planning seeks to explore 

economic growth alternatives that are socially and environmentally sustainable (Yin 

et. al., 2005). Currently, natural resource based land use planning is one of the most 

powerful tools available to communities (Wang, 2001). The goal of planning is to 

shape the built environment for the benefit of society to meet the needs of all people 

and accommodate a growing economy, while at the same time conserving natural 

resources and protecting the environment. This goal would potentially include a 

community‘s high quality of life, a rural sense of place, and natural resource 

protection. By combining community input and values with proper land use planning, 

and responding effectively to the needs and demands of a growing state such as, the 

quality of life and rural character people want can be sustained for years to come 

(Xian et al., 2007).  

Government performs land use planning to organize and regulate the 

use of land so that there is space for people to occupy, for agricultural production and 

to utilize resources above and below the surface, while protecting the environment. 

Land use plans designate specific areas for certain functions. Land use planning is a 

cross-sectoral and integrative decision-making process that facilitates the allocation of 

land to the uses that give the greatest sustainable benefit. This means that all matters 

relating to land use have to be taken into consideration and agreement must be 

reached on how best to use the land to avoid failures and conflicts when allocating 

land to specific functions (FAO/UNEP, 1999). 
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Decisions related to land use are influenced by socio-economic and 

environmental conditions, as well as by anticipated demographic developments in and 

around a natural land unit. This makes it impossible to delegate land-related decisions 

to only one organization addressing land issues, thereby requiring a broad, integrated 

and inter-disciplinary approach. Land-related interventions need careful, holistic and 

sector-overarching coordination; a wide range of expertise must be accessed through 

the integration of all stakeholders to avoid conflicts, land degradation, and setbacks in 

the development (Sandovala et al., 2010). 

It is difficult to integrate all these stakeholder groups in the process of 

preparing a land use plan. The concepts, strategies, and policies for preparing land use 

plans have to address the way how stakeholders are integrated in the decision- making 

process. There are different systems, methods, and instruments available to do so. 

Ideally, a ―bottom-up‖ approach is applied, which starts with planning at a local level, 

involving civil society. These ―grass-roots plans‖ are then integrated with higher level 

plans.  

Land and Land use 

Land is a delineable area of the earth‘s surface. Below and 

above this surface, it holds many kinds of resources. A variety of minerals are found 

below or on the surface, and soils in the upper layer, just below the surface, are an 

essential resource for agricultural production. Water runs on the surface of land in the 

form of rivers and lakes; plants form forests and other vegetation types on the land 

surface; animal populations live amongst and depend on these vegetation formations; 

and finally, people live on the land and alter it to suit their needs. The need of people 
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gives land important functions for livelihood, wealth and power, and can also have 

symbolic importance (Nambia Institute for Democracy [NID], 2000). 

FAO (1993) defined land is an area of the earth‘s surface, 

including all elements of the physical and biological environment that influences land 

use. Land comprises the physical environment including climate, relief, soils, 

hydrology and vegetation, to the extent that these influence potential for land use 

(FAO, 1976). Indeed, land is an essential natural resource, both for the survival and 

prosperity of humanity, and for the maintenance of all terrestrial ecosystems. 

With the increase in the human population, most places on 

earth are now influenced by people who utilize the land and its resources and allocate 

specific functions to it. These functions do not only relate to production through 

agricultural uses but also are used for many other purposes: where roads and railroads 

are built on land it has transport functions; where people build their houses on the 

land, it serves housing and settlement functions; where the land accommodates 

factories and offices, it might serve industrial functions; where shops and markets 

cover the land, it has marketing and supply functions; and where national parks, 

forests or other areas are protected, land has the function of conserving natural 

resources.  

There are many other functions of land which are required for 

people to organize their lives (Erickson, 1995). In this regard, one might think of 

education facilities, health facilities, mining resources under the land, land which is 

used for disposing of waste or land which is restricted in its use to protect water 

resources above or below the surface. All these functions have one thing in common: 

they are difficult to combine, since all require a certain delineable space on the earth‘s 
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surface. And lands are an immovable and limited resource. Therefore, wherever 

people live together and this is on most places on earth conflicts arise because of 

different interests and priorities of people regarding the functions for which land is to 

be used. Typical conflicts about the use of land are: agricultural use versus 

conservation; mining versus agriculture; housing and urban uses versus agriculture. 

Therefore, the challenge is to combine as many functions on a piece of land as 

possible, without destroying the land and its resources. Such combinations of land 

functions are considered in land use concepts and land use systems. On the other hand, 

some functions of land require other functions. For example, agricultural land uses 

require marketing and transport structures to bring the goods produced on the land to 

places where people can acquire them. This shows that land uses and land-related 

decisions have to be looked at from a holistic perspective (FAO/UNEP, 1995). 

Land use is characterized by the arrangements, activities and 

inputs people undertake in a certain land cover type to produce, change or maintain it 

(FAO, 1997). It is a series of operations on land, carried out by man, with the 

intention to obtain products and/or benefits through using land resources. According 

to Huizing et al., (1995) land use can lead to positive or negative impacts on land 

cover because land use is the human activities of natural environment. Land use and 

land management practices have a major impact on natural resources including water, 

soil, fertility, plants and animals. 

Land sustainability 

Nowadays, sustainability is one of the important issues in land 

use system. Sachs (1992) defined five dimensions of sustainability namely, economic, 

social, spatial, cultural and ecological, which should be taken into consideration while 
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dealing with land use. It is a measure of the extent to which a form of land use is 

expected to meet the ‗pillar‘ requirements of productivity, security, protection, 

viability and acceptability into the future. Sustainability is the ability of an 

agricultural system to meet evolving human needs without destroying and, if possible, 

by improving the natural resource base on which it depends (USAID, 1988). FAO 

(1993) briefly defined sustainable land use as perfect balance between production and 

conservation and commonly used popular definition is use of land which meets the 

needs of the present while at the same time conserving resources for future 

generations (WCED, 1987).  

 FAO (1976) defined land suitability as the fitness of land for a 

specified kind of use. In general sustainability indicates that there is a relationship 

between sustainability and suitability, stability, land degradation, and land use. This 

suitability of land is a function of crop requirements and soil/land characteristics and 

land suitability refers to use of land on a sustainable basis. It means that land 

suitability evaluation should take account of the hazards of soil erosion and other 

types of soil degradation (FAO, 1983). The sustainable land use should have 

maximum suitability and minimum vulnerability. Land suitability is a component of 

sustainability evaluation of a land use.  

The Planning Process 

Ideally, the process of land use planning can be summarized in 

five major stages: the organizational stage; the analytical stage; the planning stage; the 

decision-making stage; and the implementation stage (Figure 2). All these stages more 

or less follow on each other. 
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Figure 2. Stages of the land use planning process  

Source: FAO (1986) 

 

FAO guidelines for land use planning 

The procedure of a relative comprehensive land use planning in ―the 

Guidelines for Land Use Planning‖ (FAO, 1995) which includes land suitability 

assessment is illustrated in Figure 3. Each step represents a specific activity, or set of 

activities, where outputs provide information for subsequent steps. 

 

 
Figure 3. FAO Guidelines for land use planning Source: FAO (1995) 
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Step 1 to step 4 are the foundation of the land use planning. They 

include establishing the goals of planning according to the needs of land users and 

governing and organizing the work plan of the planning group. Then land planners 

will analyze the existing land use problems and seek a variety of reasonable solutions, 

ultimately selecting the most promising one based on the consensus of land users, 

planners and decision-makers. During this process, planners and decision-makers will 

know about the problems of the planning area and identify the objectives they want to 

achieve. The fifth step is evaluating land suitability. For this step, the planner will find 

out which areas of land are best suited for the specified kind of land use. First, the 

planners need to determine the requirements of a given land use type and conduct 

surveys to map land units with their physical properties. The land use type is a kind of 

land use described in terms of its products and management practice (FAO, 1993). 

The planners may modify the existing land use. Second, planners compare the 

requirements of the land use type with the properties of the units to arrive at a land 

suitability classification. Mapping land units and their characteristics, setting limiting 

values for land use requirements, and matching land use with land are the basis for 

this procedure. Then, the planners need to map land suitability for each land use type. 

The sixth step is appraising the alternatives. The evaluation carried out so far has been 

essentially in terms of physical suitability. In the seventh step, the planner has to 

summarize the results obtained from the previous steps and the decision-makers have 

to choose the best land use option that meets the planning goals. Eighth step through 

the tenth step, the planners will present and implement the plan. The decision makers 

and the government may introduce regulations and plans to the land users to help 

implementation of the plan. At the last step, the decision-makers and the planners will 
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see how well the plan is implemented. By this way, the planning process comes to the 

full circle.  

Challenges of land use planning 

Land use change is a growing problem confronting policy, 

planning and decision making at all levels. It links problems and opportunities in 

urban and metropolitan communities to the larger issues of economic growth and 

environmental quality (Erickson, 1995). Land use change is the critical connection 

between economic, housing, policy, jobs, and environment and so on. The frontier 

expansion and population growth has primarily accelerated land use change in recent 

centuries. Land resources in some developing countries face pressures from 

continuing land degradation and increasing numbers of people. Sometimes the 

conflict between different kinds of land use is inevitable, especially in developing 

countries, which can further intensify the imbalance between land use and human 

activities leading to degradation of land resources. Urbanization, defined as urban 

population proportion of the total population, is growing rapidly and has impacted 

significantly on spatial urban development, especially on urban land use. Rapid urban 

population expansion and urban sprawl in the developing world has been discussed 

well in recent years. As both urban land and rural land are resources in need of 

effective planning because of their importance in social and economic development, 

people migrate from rural areas to urban centers seeking more working opportunity 

and income. Sprawl is a spatial problem which links issues in the central city and the 

rural landscape. The need for effective land use planning is one of the consequences 

of the rapid urban population expansion and urban sprawl. In metropolitan areas 

urban sprawl is also related to negative impacts of poverty and social inequities, while 
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in rural areas it involves the irretrievable loss of farms, rural livelihoods, and open 

space. Over the last two decades, along with economic growth throughout the world 

there has been considerable land use change and development in the suburban and 

rural fringe of many metropolitan areas (FAO, 1993). The trend of farmland loss is 

particularly evident in rural and suburban communities outside major urban centers. 

Since social-economic conditions have shown a great change urban and suburban land 

development is now an emerging issue that needs to be addressed.  

Effective land use planning is necessary in order to ensure the 

orderly growth and development of both urban and rural areas. The process of 

expansion to the suburban fringe reflects some new environmental and landscape 

problems. The overall decision-making process must incorporate the entire suite of 

factors, including transportation, population growth and distribution, economic 

growth and distribution, location and quality of jobs, location of retail, commercial 

and residential development, land values which change and development, and changes 

in the landscape and environment. These factors need to be considered in their current 

form and consideration should be given to how they may change in the future. The 

future development of each area should be in accordance with a comprehensive plan 

for land use prepared for the entire metropolitan region, in order that future 

generations will not be saddled with an inefficient arrangement of land uses (Kombe, 

2005). 

Land use change in river basin is an increasingly important 

issue confronting a range of stakeholders and policy makers at all levels of 

government. There is a pressing need to use its limited land resources more efficiently 

and effectively because of its growing population and the urbanization effects 
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associated with globalization processes. The rapid urbanization process has caused an 

unprecedented rate of urban land expansion. The intensified land use conflict and 

rapid depletion of agricultural land resources have emerged as a result of the new 

policy and fast development of land use and economy in many fast growing cities. 

Many land-related problems have been identified, including agricultural land loss, 

water pollution, soil erosion, and an increase in the magnitude and frequency of 

flooding in recent years. In particular, fast urban expansion has triggered the loss of a 

large amount of agricultural land in many fast developing areas (Kombe, 2005).  

Tong, (1990) found that urban development in the watershed 

caused substantial modification on flood runoff and water quality. Changing land use 

and land management practices are therefore regarded as one of the main factors in 

altering the hydrological system, causing changes in runoff (Mander et al., 1998), 

surface water supply yields, as well as the quality of receiving water. Wang (2001) 

mentioned that there is significance relationship between the land use patterns with 

water quality of river and suggested that integrating water quality management and 

land-use planning is the best way to handle this type of problem. Ngoya and Machiwa 

(2004) studied on the influence of land use pattern in the Ruvu river watershed on 

water quality in the river system. They found that forested areas had lower levels of 

nutrients compared to areas close to human settlements. Agricultural areas also 

significantly contributed to higher concentration of nutrients concentration in the 

Ruvu river system. They suggested planned land use management concept should be 

introduced in catchment area where the rivers are polluted by human activities. 

Similarly, Ren et al., (2003) did research on the changing pattern of urbanization as 

well as land use pattern on the water quality of Huangphu River. The study showed 
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that rapid urbanization corresponds with rapid degradation of water quality. It also 

showed that urban land uses are positively correlated with the decline in water quality. 

Integrated land use planning  

Based on the experiences of many researchers, academicians, 

and governments in many countries, modern concepts of land use planning consider 

the integration of different perspectives, needs and restrictions in the land use 

planning process. This approach to land use planning is called Integrated Land Use 

Planning (ILUP). ILUP examines all uses of land in an integrated manner. This is the 

only way to make the most effective and efficient use of land and natural resources, to 

link social and economic development with environmental protection, to minimize 

land-related conflicts and to achieve the objectives of sustainable development (FAO, 

1988,1990,1995). The core of the integrated approach is the coordination of sector 

planning and management activities that relate to the various aspects of land use and 

land resources (FAO/UNEP, 1999). Land resources are used for a variety of purposes; 

as these interact and may compete with one another, it is necessary to plan and 

manage all uses in an integrated manner. The purpose of land use planning therefore 

is to select and put into practice those land uses that will best meet the needs of the 

people while safeguarding resources for the future. Land use planning should not take 

place in isolation from other developmental planning; rather they should be integrated 

(Namibia Nature Foundation [NID], 2010). 

The principles of ILUP are: 

• Although ILUP is a uniform process, it is not a standardized one, as it reflects 

the regional or local situation. 
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• ILUP aims at sustainability (balancing social, economic and environmental 

needs considering capacity building). 

• ILUP promotes civic engagement (it includes active local participation, is 

based on local knowledge, is oriented towards consensus building and 

involves stakeholders in decision making). 

• ILUP requires sector integration and interdisciplinary cooperation (horizontal 

integration). 

• ILUP integrates bottom-up aspects with top-down aspects (vertical 

integration of planning levels). 

• ILUP is future-oriented (visionary). 

• ILUP relates to spaces and places (spatial orientation),and 

• ILUP is implementation-oriented through the collaboration of stakeholders. 

The fact is that land use is not static, but is influenced by dynamic 

processes. A plan is therefore bound to a timeframe defining what is to be achieved by 

when within the given time frame. For instance, over the period of 10 years, new 

developments might change the basic assumptions underlying the land use plan. 

Constant reviews and regular updates have therefore to be considered. 

Global concern about food security and quality of life for future 

generations, and growing awareness of environmental degradation pose penetrating 

questions to science. The 1992 UNCED conference in Rio de Janeiro led to the 

recognition that the issue of sustainable land use deserves interdisciplinary attention, 

recognizing its inherent complexity. Following up on Agenda 21 Chapter 10, i.e. the 

―Program of Action for Sustainable Development‖, the FAO suggested an ―Integrated 

approach to the planning and management of land resources.‖ (FAO, 1994) states the 
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following ―The world as a whole has experienced a doubling of its human population 

over the past half century. The cost to the planet has been high, in terms of destruction 

of the resource base, degradation of the environment, and effect on global systems.‖ 

Decision-making about the use of land resources depends on the availability of the 

necessary information on physical factors such as climate, soil, water, and on present 

land use, social factors, and economic factors‖ (Somalia Water Land Information 

Management [SWALIM], 2009). 

Although many researchers have paid particular attention to the effect 

of land use on water quality, a water-quality component often is missing in land-use 

plans and land-use planning. This could be due to the fact that water-quality 

management and land-use planning often are administrated by different agencies that 

do not coordinate constantly. Most planning agencies and local authorities do not 

have resources to collect extensive land use and water quality data in developing 

plans and water-quality management agencies traditionally address existing water-

quality problems rather than preventing them (Wang, 2001).Therefore, it is essential 

to protect local water resources by thinking on a watershed planning level. 

Watershed-based planning is important because it involves decisions on the amount 

and location of development and impervious cover, as well as choices about 

appropriate land use management techniques. 

The impact of urban land uses on river water quality demonstrated that 

the known land-water relationship is significant enough for planners and decision-

makers to pay proper attention to water-quality issues in evaluating plans and 

facilitating collaborations. Achieving the sustainable management of water and land 

resources could be a major consideration in exploring planning alternatives within a 
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watershed. Many studies demonstrate several evidences that call for integration of 

water-quality management and land-use planning to aim at water uses in a manner 

that will maximize the socio-economic benefits to the society without jeopardizing the 

balance of the resource-related ecosystems. The integration of water-quality 

management and land-use planning can promote protecting the biotic quality and 

habitat health and preventing pollution, which serves the purpose of protecting water 

quality and maintaining ecologically and economically healthy land development. 

This linkage suggests that the goal of protecting water quality through land-use 

planning can and should be achieved through habitat protection. Maintaining a 

healthy habitat can help to improve water quality and promote biodiversity and 

preserve landscape features of the watershed. As water quality and land-use data 

become more accessible, planners and policy-makers at different levels should bring 

stakeholders together to substantially increase the health of the environment by 

identifying sources of the problems, understanding the relationship between the 

sources and consequences, and searching for solutions to these problems (Wang, 

2001). 

Integrated land-use planning seeks to balance economic, social and 

cultural opportunities in a specific area with the need to maintain and enhance the 

health of the area‘s water system. It is a process whereby all interested parties, large 

and small, come together to make decisions about how the land and its resources 

should be used and managed, and to coordinate their activities in a sustainable fashion. 

It holds that maintaining the integrity of the ecosystem is the primary consideration. 

Integrated land-use planning may also prove valuable in some areas that have already 

been allocated, as these development rights may have to be reconciled with important 
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emerging demands such as expanding cities, aboriginal land claims and conservation. 

While integrated land-use planning is an evolving concept that is being implemented 

to varying degrees across the globe, it already has success stories (Sandovala et al., 

2010). 

Evaluation of land use  

Land use planning is a tool to help policy makers, decision makers, and 

land users solve current land use problems and to achieve highest possible options for 

future land use. Land evaluation is one of the main components of land-use planning 

(FAO, 1986). The evaluation of land depends on interdisciplinary activities that rely 

on large amounts of information from different sources. But, land evaluation can be 

done physically and economically. Physical land evaluation is based on physical 

factors whereas economic land evaluation is based on the economic measures of 

benefits of specific land utilization. Therefore, land evaluation may be conducted in 

either physical or economic terms. However, a lot of land use decisions are made on 

the basis of socio-economic aspects, hence the principal objective of land evaluation 

is to collect the optimum land use for each type of land, taking into account both 

physical and socio-economic considerations and the conservation of environmental 

resources for future use (Rossiter, 2001). Both physical and socio-economic analyses 

provide the foundation for land evaluation and ultimately for land use planning (FAO, 

1984, 1991, 1993).  
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Figure 4. Steps of land evaluation and land use planning  

Source: FAO (1986) 

 

The principles and general approach adopted for land evaluation start 

with the publication of the FAO Framework for Land Evaluation (1976) and has 

proved to be one of the most durable and widely used FAO methodologies in 

evaluation of land resources. Based on the objectives of the evaluation, the framework 

uniformly defines concepts related to land evaluation such as land, land mapping unit, 

major kinds of land use, land utilization types, multiple and compound land use, land 

characteristics, land qualities, diagnostic criteria, land use requirements, imitations, 

land suitability, land suitability order, class, subclass, unit and potential suitability 

classification. The main objective of the land evaluation is the prediction of the 

inherent capacity of a land unit to support a specific land use for a long period of time 

without deterioration, in order to minimize the socio-economic and environmental 

costs (FAO, 2003). 
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Land suitability  

Land suitability is a part of land use planning methodology and 

defines possible options for the future land use for decision makers. FAO (1985) 

analyzed land suitability mainly focusing on the land quality. Land quality is an 

attribute of land which acts in a distinct manner in its influence on the suitability of 

the land for a specific kind of use. Examples of land qualities widely applicable for 

land use suitability are temperature regime, moisture availability, soil drainage, 

rooting conditions etc. (FAO, 1984). Usually land quality cannot be measured or 

estimated in a routine survey, which must be inferred from a set of diagnostic land 

characteristics. Most land qualities are determined the interaction of land 

characteristics, which are measurable attributes of the land.  

Land suitability analysis is an interdisciplinary approach which 

includes information from different domains like soil science, crop science, 

meteorology, social science, economics and management. In general, land suitability 

analysis indicates the influences of physical issues in relation with social-economic, 

infrastructure, environmental issues. The results are intended to be used for land 

resource related decision making, both strategic land use planning by policy/planning 

institutions such as extension agencies, and specific local land allocation by the direct 

land users, that is, the farmers. Generally, land suitability is the fitness of a given type 

of land for a defined use and assessment of land suitability is made by comparison 

between land use and land quality, coupled with analysis in environmental, economic 

and social terms (FAO, 1984). Suitability is a measure of how well the characteristics 

of a land match the requirements of sustainable development. The preparation of 

sustainable development plan requires consideration of all components of the 
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economic, social and environment. Land suitability evaluation can also be defined as 

the assessment or prediction of land quality for a specific use, in terms of its 

productivity, degradation hazards and management requirements (Alejandro & Jorge, 

2000; Allen et al., 1995; Collins et al., 2001).  

Processes of land suitability analysis (Figure 4) 

 Defining objectives 

 Collecting the data 

 Identifying land uses and their units  

 Identifying environmental and socio-economic issues 

 Assessing land suitability 

Defining of objectives is an important step in the suitability 

analysis. It helps investigators to set off the right direction, with a good chance of 

providing all the advice that the planners will need. After setting objectives, the next 

step is to collect data. To manage the data collection, it should be focused on 

maximum utilization of existing data adjusting new technology and concentrating on 

suitability analysis. For the case of identifying relevant types of land use, reliable 

knowledge of land characteristics, and of the way these differ from place to place, is 

essential to good land evaluation. For this case, the investigators should carry out 

surveys to establish needs and wishes of the local land users and needs of the 

community as a whole and should rank objectives in order of priority. For the case of 

identifying environmental and socio-economic issues; this can be done after having 

discussion with local people and experts in these areas.  

As mentioned above, land suitability is the fitness of a given 

type of land for a specified kind of land use. The process of land suitability 
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classification is the appraisal and grouping of specific land in terms of their suitability 

for defined uses (FAO, 1984). 

Land Suitability Orders: Reflecting kinds of suitability, land suitability 

orders indicate whether given types of land are suitable or not suitable; for the land 

utilization type concerned. There are two orders represented by the symbols S and N. 

The areas that are not assessed are allocated to an extra class ―NR‖ meaning not 

relevant. Land suitability orders indicate whether land is assessed as suitable or not 

suitable for the use under consideration.  

Land Suitability Classes: Land suitability classes reflect the degrees of 

suitability. The classes are numbered consecutively, by Arabic numbers, in sequence 

of decreasing degrees of suitability within the order, three classes are normally 

recognized: Highly suitable, moderately suitable and marginally suitable, indicated by 

symbols S1, S2 and S3 respectively.  

S1 (Highly suitable): Land having no significant limitations to 

sustained application of a given land utilization type, or only minor limitations that 

will not significantly reduce productivity or benefits and will not raise inputs above an 

acceptable level.  

S2 (Moderately suitable): Land having limitations which in 

aggregate are moderately severe for a sustained application of a given land utilization 

type. The limitations will reduce productivity or benefits and increase required inputs 

to the extent that the overall advantage to be gained from the use will be appreciably 

inferior to that expected on class S1 land.  

S3 (Marginally suitable): Land having limitations which in 

aggregate are severe for sustained application of a given land utilization type and will 
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so reduce productivity or benefits, or increase required inputs, that this expenditure 

will only be marginally justified.  

N1 (Currently not suitable): Land having limitations which 

may be surmountable in time but which cannot be corrected with existing knowledge 

at currently acceptable cost. The limitations are so severe as to preclude successful 

sustained application of the given land utilization type.  

N2 (Permanently not suitable): Land having limitations which 

appear as severe as to preclude any possibilities of successful sustained application of 

a given land utilization type. 

Land Suitability sub-classes: Subclasses reflect kinds of 

limitations or required improvements measures within classes.  

Land Suitability Units: This indicates the differences in 

required management within subclasses. 

 

Multi criteria decision making (MCDM) 

Assessment of land use suitability is the essential part of land use 

evaluation and land use planning. But, determining suitable land for a particular use is 

a complex process involving multiple decisions that may relate to biophysical, socio-

economic and institutional/organizational aspects. Therefore, for land use suitability 

analysis, many criteria should be integrated and evaluated with respect to many 

alternative land use types.  

The main purpose of the Multi-criteria evaluation techniques is to 

investigate a number of alternatives in the light of multiple criteria and conflicting 

objectives. Multi-criteria evaluation for land use issues is not a new concept, however 
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multi-criteria evaluation based on the same principle, but implementing explicitly 

reasoned decision rules to enable the combination of many criteria into a single index 

of suitability is the new concept. Multi-criteria evaluation is a transparent way of 

systematically collecting and processing objective information, and expressing and 

communicating subjective judgments concerning choice from a set of alternatives 

affecting several stakeholders. Such systematic, rational and transparent judgments 

most probably lead to more effective and efficient decisions by individuals or groups 

of decision makers (Deng, 1999; Carver, 1991).  

Analytical hierarchical process (AHP) 

MCDM method has to deal with heterogeneous criteria that are 

both qualitative and quantitative in nature. With these criteria, some criteria are more 

important than others. For this case, ranking and rating are generally used on the basis 

of personal judgment method and this method is mostly criticized for not reflecting 

the decision makers‘ views clearly and also for not having any rationale behind the 

approach. To overcome this problem, Saaty has developed Analytical hierarchical 

process (AHP) and nowadays, it is widely used in land use suitability analysis (Saaty 

1980; Saaty & Vargas, 1988). The AHP is based on three principles: i) decomposition 

of the overall goal, ii) comparative judgment of the criteria, and iii) synthesis of the 

priorities. So, the first step of AHP technique begins with the structuring of the 

criteria and sub-criteria required for the land suitability and set them in a hierarchical 

form. The overall goal of the research is suitability evaluation which occupies the top 

most level in the hierarchy. The next level consists of the main criteria set out to 

support the goal, and sub-criteria of the criteria occupy position in the next 

hierarchical level. At the bottom level there are the alternatives to be evaluated. Such 
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structure allows the incorporation and accommodation of both qualitative and 

quantitative criteria for assessing land suitability. The hierarchical structure is 

illustrated in figure below: 

 

Figure 5. AHP: Hierarchical structure 

Source: Saaty (1980) 

AHP offers some advantages over the classical site suitability analysis 

techniques. First, it provides a structural approach to measuring suitability by 

―decomposing‖ the suitability analysis problem into hierarchical units and levels. This 

allows a systematic and more in-depth analysis of the factors which may be better 

understood when it is deconstructed into their lower and more specific forms or 

indicators. Second, AHP relies less on the completeness of the data set, and more on 

―expert‖ opinions or observations about the different factors and their perceived 

effects on land suitability. Third, the approach is more transparent and hence more 

likely to be accepted especially when the suitability analysis ultimately serves as a 

basis for land allocation. Fourth, AHP allows for the participation of both experts and 

stakeholders in providing the suitability measure of a land relative to a proposed land 
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use. Such framework allows the incorporation and accommodation of both qualitative 

and quantitative criteria for land suitability assessment analysis.  

In multi criteria decision making process, giving values or weight to 

different criteria is very complicated and challenging. To overcome this problem, 

Saaty (1980) has adjusted pair wise comparison method with AHP. In this technique, 

the decision maker will perform simple pair-wise comparison (comparing two 

elements at a time). The values of the pair-wise comparison are determined according 

to the scale introduced by Saaty (1980). The available values for the comparison are 

the member of the set: {9, 8, 7, 6, 5, 4, 3, 2, 1, 1/2, 1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9}, 9 

representing absolutely importance and 1/9 representing absolute no importance.  

 

Table 4 

Fundamental scale used in pairwise comparison  

 

Qualitative 

Definition 

Explanation Intensity of 

importance 

Equal importance Two activities affect equally to the objective 1 

Weak  2 

Moderate 

importance 

Experience and judgment slightly favor one 

activity over another 

3 

Moderate plus  4 

Strong importance Experience and judgment strongly favor one 

activity over another 

5 

Strong plus  6 

Very strong  An activity is favored very strongly over 

another and dominance is demonstrated in 

practice 

7 

Very, very strong  8 

Extreme 

importance 

The evidence favoring one activity over another 

is of the highest possible order of affirmation 

9 

Source: Saaty (1980) 
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Even though, Saaty‘s judgment matrices have received a relatively 

wide acceptance as being an effective way for extracting qualitative information for 

real world MCDM problems, there is a problem of handling large number of criteria 

and sub-criteria. To adjust this problem, Saaty‘s method makes use of eigenvalue 

theory (a modified least squares problem in AHP) and entails the construction of a 

decision matrix by using the relative importance of the alternatives in terms of each 

criterion. With regards to internal uncertainty, an index of some sort was required to 

evaluate the reasonable level of consistency in the pair-wise comparisons. Saaty 

(1980) developed what he calls the consistency ratio (CR), which involves the 

maximum right eigenvalue. In essence, the CR is designed in such a way that if CR < 

0.10, the ratio indicates an acceptable level of consistency; if however, CR ≥ 0.10, the 

values of the ratio are indicative of inconsistent judgments and revision is required.  

The formula of Consistency Ratio (CR) got from the Consistency 

Index (CI) is as follows:  

   
        

     ⁄  

     
  ⁄  

 

Where:  

λmax: The maximum eigen value  

CI : Consistency Index 

CR : Consistency Ratio  

RI : Random Index  

n: The numbers of criteria or sub-criteria in each pairwise comparison matrix  

Random Index (RI) says that the average of consistency of 

comparative matrix in pairs is 1-10, obtained from the experiment of Oak Ridge 
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National Laboratory and Wharton School. The bigger the matrix is, the higher the 

inconsistency level will be. Matrix Random Index shown in table below. 

 

Table 5 

 Average random consistency index (RI)  

 

N 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

 

The requirements are: 

If CR ≤ 10%, means matrix is consistent and AHP can be continued 

If CR > 10%, assessment and revision is required because matrix is not consistent 

 

Geographic Information Systems (GIS)  

A geographic information system (GIS) is a computer based tool for 

mapping and analyzing geographic phenomenon that exists and events that occur on 

earth (Baniya, 2008). In general, a GIS provides facilities for data capture, data 

management, data manipulation and analysis and the presentation of results in both 

graphic and report form, with a particular emphasis upon preserving and utilizing 

inherent characteristics of spatial data. The ability to incorporate, manage and analyze 

spatial data, and answer spatial questions is the distinctive characteristic of GIS. It has 

also the ability to integrate a variety of geographic technologies like Global 

Positioning System (GPS) and Remote Sensing (Basnyat et al., 2000). By these 

utilities, GIS can support spatial decision making process in effective way 

(Bandyopadhyay et al., 2009).  
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Generally, GIS integrates five key components, namely Hardware, 

Software, Data, People and Methods to operate the system. Hardware is the computer 

system on which a GIS operates and Software provides the function and tools needed 

to store, analyze, and display geographic information. Data is the important 

component of a GIS. Basically, GIS utilizes two types of data: spatial data which 

describes the absolute and relative location of Geographic features and attribute data 

which describes the characteristics of the spatial features and these characteristics can 

be quantitative and/or qualitative in nature. Traditionally spatial data has been stored 

and presented in the form of a map. Three basic types of spatial data models have 

evolved for storing geographic data digitally. These are referred to as Vector, Raster 

and Image. People are an important part of GIS because it is the people who manage 

the system and develop plans for applying it to real world problems.  

Four main functions of GIS 

Data Input: Data input allows the user to capture, collect and transform 

spatial and thematic data into digital form. Digital data are collected from many 

sources such as aerial photographs, satellite images, field samples, and scanning or 

digitization of hard copy maps.  

Data management (storage and retrieval): One of the key elements of 

this work is the building of the database capable for the storage, retrieval, and sharing 

of the data in an easy and efficient way. The data storage and retrieval subsystem 

organizes the data with spatial attributes which permits it to be quickly retrieved by 

the user for analysis and permits rapid and accurate updates to be made to the 

database. The main objective of this phase is making data ready for various types of 

classification for different applications mostly for land suitability evaluation.  
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Data manipulation and analysis: The data manipulation and analysis 

subsystem allows the user to define and execute spatial attributes to generate the 

derived information. Analysis is a process for looking at geographic patterns of data 

and the relationship between features; and this can be as simple as making a map or as 

complex as involving models that mimic the real world by combining many data 

layers. Manipulation involves transformation (i.e., from raster to vector data structure), 

generalization, overlay, and interpolation procedures.  

Data output: The data output subsystem allows the user to generate 

graphic displays normally maps and tabular reports representing derived information 

products. So, output is the final stage of the presentation of the result to the end users 

and decision makers. The results of GIS can be reported as a map, values in a table, or 

as a chart.  

GIS provides a powerful set of tools for data visualization, data 

analysis and evaluation of scenarios. It is an integrating technology that allows, 

encourages and expects users to bring data together from many different sources 

through the unifying medium of geography. GIS can be used in concrete applications 

ranging from resource assessment to land evaluation and land use planning. One 

major part of GIS is the ability to overlay various layers of spatially referenced data, 

allowing the user to determine graphically and analytically, how structures and 

objects, interact with each other.  

Integrating GIS, AHP and MCDM for land use suitability analysis 

The general objective of multi criteria decision making (MCDM) is to 

assist the decision maker in selecting the ‗best‘ alternative from a number of feasible 

alternatives under the presence of multiple choice criteria and diverse criterion 
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priorities. But, managing multi-criterion choice in decision making is major challenge 

faced by individual, public, and private cooperation. To handle this problem, 

Analytical Hierarchy Process (AHP) is a widely used method in multi-criteria 

decision making and was introduced by Saaty (1980). AHP is a proven, effective 

means of dealing with complex decision making and can assist with identifying and 

weighing selection criteria, analyzing the data collected for the criteria, and 

expediting the decision-making process (Saaty, 2000). By making pair-wise 

comparisons at each level of the hierarchy, participants can develop relative weights, 

called priorities, to differentiate the importance of the criteria.  

Land suitability analysis is inherently a spatial multi-criteria decision 

making process (Store & Kangas, 2001). Determining suitable land for a particular 

use is a complex process involving multiple decisions that may relate to many 

biophysical factors. In practice, land use suitability cannot solely be done only from 

biophysical resources information. The other socio-economic factors like 

transportation network, local economy, education, demographic features etc. should 

be included for decision making process. So, the AHP is a practical and effective 

method for solving spatial multi-criteria decision problems which uses hierarchical 

structures to represent a problem and then develop priorities for alternatives based on 

the judgment of the user (Saaty, 1980).  

In suitability based land use planning, GIS is very effective (Florent et 

al., 2001). GIS helps the user to determine what locations are most/least suitable for 

specific purpose (Lo & Yeng, 2002). In this way, the results of GIS analysis can 

provide support for decision making. It also enables to create and modify any land 

suitability analysis that makes the best use of available data (Sieber, 2006; Prakash, 
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2003; Raghunath, 2006). In spatial decision making process, development of specific 

criteria is crucial to locate optimally suitable geographic areas for a specific land use. 

Criteria can be of two kinds: factors and constraints. Constraints are Boolean criteria 

that constraint (i.e. limit) the analysis to a particular geographic regions. In contract, 

factors are criteria that define some degree of suitability for all geographic regions. 

The ultimate aim of GIS is to provide support for spatial decision making process 

(Store & Kangas, 2001).  

 

Scenario analysis in land use planning 

High quality land use planning provides a clear and convincing picture 

of the future, which strengthens the plan‘s influence in the land planning arena. Even 

land use planning has significance importance for policy maker; it is surprising that it 

is not routinely evaluated against accepted plan quality standards (Berke & Godschalk, 

2009). Highly evaluated land use plans have wide-ranging powers to influence 

environmental justice, disaster resistance, transportation efficiency, infrastructure 

costs and many other important aspects of community life (Berke & Godschalk, 2009; 

Knaap et al., 2001). If planning has to achieve its full strength, it should reflect its 

objective and application values. Only systematic evaluation enables us to identify its 

specific strength and weakness, to judge whether its overall quality is good, and to 

provide a basis for ensuring that it reach a desirable standard. Planning evaluation is 

itself a learning process that yields important planning lessons and guidelines (Berke 

& Godschalk, 2009).  

For evaluation land use planning, many researchers or policy makers 

have been using various criteria which might dependent on the goals and objectives of 
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the planning process. Baer (1997) has adapted the socio-economic and legal 

framework to evaluate the planning map. Evaluation of planning is emerging as a 

valuable tool for systematic analysis of the goodness of plans. Many studies have 

done of evaluation of land use planning on issues like natural hazards, sustainable 

development, human rights, coastal area management and housing affordability 

(Burby et al., 1997; Berke et al., 1997; Godschalk et al.,1999; Brody,2003; Edward & 

Haines,2007).  

Scenario analysis methods were used in various fields (Foran & 

Wardle, 1995; Mohren, 2003; Hoyland, 2001). In land use planning aspect, scenario 

analysis method is frequently used. In land use planning perspective, scenario based 

decision making tool is very supportive and it gives idea to select the best strategy or 

policy for management decision making. A scenario describes a possible future state 

of an organization‘s environment, and considers possible developments of relevant 

interdependent factors in this environment. The method is particularly useful for 

strategic planning when the future is perceived as bound by a high degree of 

uncertainty (Kepner et al., 2004). For example, Baker et al. (2004) did scenario 

analysis by developing three types of land use alternative in Willamette River Basin, 

Oregon and these scenarios have evaluated on river condition, water availability & 

use, stream condition and terrestrial wildlife. Kepner et al. (2004) developed three 

types of scenario maps of San Pedro River Basin by integrating hydrologic modeling 

with a scenario analysis framework to evaluate plausible future forecasts and 

understand the potential impact of landscape change on water system. In scenario 

analysis, Water Evaluation and Planning Tool (WEAP) has been using by integrating 

water availability, water demand, water quality and water use efficiency. For the case 
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of decision making on the base of scenario analysis, Pikounis et al. (2003) has 

investigated the hydrological effects of specific land use changes in a catchment of 

the river Pinios through the application of the Soil and Water Assessment Tool 

(SWAT) and developed three types of land use scenarios as i) expansion of 

agriculture land, ii) complete deforestation of sub-basin level and iii) expansion of 

urban areas in sub-basin level. Similarly, Kepner et al. (2008) did scenario analysis to 

assess future landscape change on watershed condition in the Pacific Northeast (USA) 

by utilizing GIS and SWAT model. For this study, they studied potential impact of 

three future scenario of 2050 (conservation, plan trend and development) on 

hydrologic condition of the basin. It was found that the conservation and plan trend 

alternatives have the least negative impacts to the surface water hydrology.  

The concept of scenario analysis can be used to the changing pattern of 

land use on sustainable development issue. For example, Hu & Lian (2009) 

investigated the changes of the landscape pattern and the changes of the ecological 

sustainability in five land use scenario which were proposed based on land use 

analysis, land suitability evaluation, planning and peasant‘s demand in Ansai Country, 

China. They found that the scenario having concentrating cropland to loessial soil 

with slope <15
0
 and converting the rest of the land to orchards, woodlands, shrub 

lands, grassland was a good choice from ecological sustainability point of view. 

Theobald and Hobbs (2002) developed multiple scenarios and also did scenario 

analysis for how planning alternatives could affect critical habitat of the region. In this 

study, scenario analysis concept was also used to evaluate the land use planning map 

of U-tapao river basin on water quality framework. 
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CHAPTER 3 

 STUDY AREA 

Geographical location 

U-tapao River Basin (URB) is one of the parts of the Songkhla Lake 

Basin, Thailand. Sonkhla Lake is the largest lake (lagoon) in Thailand. The basin has 

an area 8,729 km
2
 including 1017 km

2
 of main lake water body, and extents into three 

provinces (Songkhla, Phatthalung, and Nakon Si Thammarat) (Cheson & Lim, 2008). 

URB is about 60 km long from north to south, and 40 km wide from west to east, and 

total coverage is about 2,305 km
2
. The longitude and latitude of basin is 100º 10‘ 

through 100º 37‘ E and 6º 28‘ through 7º 10‘ N respectively. With the Universal 

Transverse Mercator, it lies in the zone 47 N. The north coordinate is PH 656792 and 

the south is PH677714. The west is in NJ 613770 and the east is PH 680773.  

 

 

 

Figure 6. U-tapao river basin and Songkhla Lake basin, Thailand (Source: GEO-

Informatics Research Center for Natural Resource and Environment (GEO-

INRCNRE). 
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The U-tapao river is one of the most important rivers of the Basin and 

the length of river is 68 km and the average depth 3-8 m (Sirtnawin & 

Sompongchaiyakul, 2005) and the average width of river is 2.45 m (1.5-90 m). The 

river originates from Sankalakiri and Bantad Mountains and flows from south to north 

through communities, industries and agricultural areas (Musikavong & Wattanachira, 

2010; Sirtnawin & Sompongchaiyakul, 2005) before emptying into the outer part of 

Songkhla Lake. The discharge ranges from less than 6 m
3
/s in the dry season to more 

than 90 m
3
/s in the wet season (Sirtnawin & Sompongchaiyakul, 2005; Musikavong 

& Wattanachira, 2010). There are two reservoirs namely Sadao Reservoir and 

Khlonglha Reservoir located in the upstream location of the river. Sadao Reservoir 

has the capacity approximately of 52 million cubic meters, while Klongla Reservoir 

has the capacity approximately of 30 million cubic meters. The area covers the 

reservoir for amphur Hadyai, Sadao, Rattapoom, Kuanniang, Namom, Bangklam, and 

Klonghoikong. 

  

Political boundary 

The whole area of U-tapao river basin (URB) lies in Songkhla 

province. The area of the province is 7,394 km
2
 and the population of density of 

province is about 179.2 per square kilometer and it is sub-divided into 16 districts or 

Amphoe (Mueang Sonkhla, Sathing Phra, Chana, Na Thawi, Thepha, Saba Yoi, Ranot, 

Khrasse Sin, Rathaphum, Sadao, Hatyai, Na Mom, Khuang Niang, Bang Klam, 

Singhanaklon and Klong Hoi Khong) and it is further subdivided into 127 sub 

districts (Tambon) and 987 villages (Muban). Out of 16 districts, 7 districts are 

located in U-tapao River Basin (Table 6).  
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Table 6 

Area of 7 districts of URB 

 

SN District(Amphoe) Area (km
2
) Sub-districts Villages 

1 Hatyai 704.56 12 82 

2 Klong Hoi Khog 290.16 4 32 

3 Rathaphum 12.96 1  

4 Sadao 1028.99 9 66 

5 Na Mom 143.90 4 29 

6 Bang Klam 142.10 4 36 

7 Khuan Niang 59.88 1 7 

Source: GEO-INRCNRE 

 

 

 

 

Figure 7. Political boundary map of U-tapao River Basin (Source: GEO-INRCNRE) 
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Sub-watersheds 

The basin is divided into 10 watersheds and the area and land use distribution 

is given in Table 7 below. 

 

 

 

Figure 8. Ten watersheds of U-tapao River Basin (Source: GEO- INRCNRE) 

 

Table 7 

Ten watersheds of URB, area and land use distribution in percentage 

Watersheds Area(km
2
) Land use distribution (in %) in 2000 

 Agriculture Forest Urban Water body 

WS-I Klong Bang Klam 144.92 78.64 11.18 2.15 8.03 

WS-II Khlong Wa 257.65 67.59 3.75 13.82 14.84 

WS-III Khlong Wat/Khlong Tam 338.68 68.13 25.86 3.55 2.46 

WS-IV Klong Pom 104.99 84.68 3.18 7.41 4.73 

WS-V Khlong La/Khlong Jam Rai 350.26 78.59 14.57 2.77 4.07 

WS-VI Klong Tong/Khlong Pra Tu 164.29 93.32 4.29 2.26 0.13 

WS-VII Khlong Ram 326.59 84.71 13.91 1.01 0.37 

WS-VIII Khlong Phang La/Khlong Ngae 184.91 90.99 5.89 1.67 1.45 

WS-IX Khlong Lea 172.32 96.72 0.34 2.68 0.27 

WS-X Khlong Sa Dao 260.39 76.83 21.69 0.57 0.91 
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Climate 

Basin has a tropical climate (Meteorological Department, 1994) and is 

governed by two monsoons; the southwest monsoon causing rainfall during May to 

September and the northeast monsoon causing rainfall during October to January. 

Therefore, the wet season starts from May to January, under the influence of the 

southwest monsoon from May to September and the northeast monsoon from October 

to January. The average annual temperature of the basin is around 28 
0
C and generally, 

the highest temperature is observed during March through April whereas the lowest 

temperature is observed during November through January (Figure 9). There is not so 

much seasonal difference of air temperature in the basin, the average temperature of 

wet season is 27.17 
0
C and that of dry season is 28.46 

0
C.  

 

 
 

Figure 9. Average monthly air temperature of U-tapao river basin, Thailand 

Source: Southern Metrological Centre, Hatyai 

 

During rainfall, the heaviest rainfalls usually occur during the northeast 

monsoon period, with a major peak in on October–December (Figure 10). The 

average rainfall in the basin is approximately 2,216 mm per annum varying between 
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1,600 and 2,400 mm. About 60% of the annual rainfall occurs over a short period 

between October and December (Panapitukkul et al., 2005). There is a significant 

seasonal rainfall in the basin, the average rainfall in wet season is 1,782.48 mm 

whereas in dry season is 433.64 mm (Southern Metrological Department, Hatyai, 

Thailand).  

 

 
 

Figure 10. Average monthly rainfall of U-tapao River Basin, Thailand  

Source: Southern Metrological centre, Hatyai 

 

The average humidity level of the basin is about 77.96% and the 

highest values are observed during October through December and the lowest values 

are observed around January through March (Figure 11). There is a slight difference 

on mean humidity level on the basin, the average humidity in wet season is 78.99% 

and dry season is 75.89%. The average wind speed on the basin is around 2.82 km/hr 

and the highest peak period is during January and lowest is during May (Figure 12). 

There is a slight difference on mean values of wind speed, the average wind speed in 

wet season is 2.72 km/hr and in dry season is 3.03 km/hr. 
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Figure 11. Average monthly humidity of U-tapao River Basin, Thailand 

Source: Southern Metrological Centre, Hatyai 

 

 

 

 
 

Figure 12. Average monthly wind speed of U-tapao River Basin, Thailand 

Source: Southern Metrological Centre, Hatyai 
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degree. Overall, the average slope of the basin is about 6.89 degree. The elevation of 

the basin varies from place to place. The highest elevation with point from sea level is 

925.73 m whereas the lowest elevation is -10.52 m below the sea level. Overall, 

59.98% land of basin has the elevation less than 200 m, 24.87% land has the elevation 

between 200 to 400 m and 15.15% land has elevation more than 400m. 

 

 

 

 

Figure 13. DEM Map of U-tapao River Basin, Thailand  

Source: GEO-INRCNRE 
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Soil 

About 65.44% land of the basin has soil depth above 150 cm, about 

24.01% of land has soil depth between 50 to 150 cm and 10.55% of land of the basin 

has the soil depth less than 50 cm. Most of land of the basin (73.91%) has low fertility 

level, 25.70% land has moderate fertility level and only remaining 1.39% land has 

high fertility level. Regarding soil drainage, most of land (43.69%) is well drained, 

22.57% land is moderately well drained, 11.6% of land is somewhat poorly drained, 

18.45% land is poorly drained and 3.64% land is very poorly drained. Regarding pH 

value of soil, 37.5% of land has pH value within the range of 4.5 to 5.5, 58.7% land 

has pH value within range of 5.5 to 6.5, less than 2% land has pH value more than 6.5 

and less than 1% land has pH value less than 4.5. 

 

Socio-economic  

Livelihood 

The basin has always been rich in agricultural resources, rubber 

and rice production which are the main sources of livelihood and food for many of the 

small communities around the basin. There are wide range of non-agricultural 

occupation throughout the basin, such as rubber and seafood industries, tourism, 

transportation, and restaurants. The major agricultural occupations are: (a) Fishery: 

most people who live around lake earn their livelihoods from fishing. In recent years, 

however, because of declining in aquatic catch, many fishermen have been forced to 

find new occupation in the cities as factory workers and so on. (b) Aqua-farming: It 

grew rapidly and has been expanded to freshwater areas, even displacing some rice 

farms. The wastewater from shrimp farms is discharged into the river. (c) Rice 
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farming: Rice farming is a traditional occupation of the people living around basin. 

However, in recent years, as a result of floods, droughts, and farmers moving to other 

occupations, most paddy fields have been converted to alternative uses such as shrimp 

farming, rubber planting, or residential areas. (d) Orchards and rubber plantations: 

Rubber has been one of the most important economic crops for a long time. Most fruit 

orchards with various types of trees grown together in the same area, depending on 

the suitability of the land and demand. (e) Pig farming: Pigs are an important source 

of meat in Thailand and there are many pig farms around basin. Most pig farms are 

small in size, run by household labor. 

 

Problems of U-tapao river basin 

Urbanization  

The analysis of urban development in the basin during the 2000-2009 

periods indicates that most of the urban growth occurred in the portion of basin where 

agriculture lands were available for new development. During this period, urban land 

increased more than two fold, from approximately 84.206 km
2
 to approximately 

180.589 km
2
 (7.83% of the total basin area). Analyzing the land use data from 2000 to 

2009, the residential land use was increased dramatically about 96.16%, especially 

after 2006. Expansion of Hatyai city and housing development were provoking factors 

of this dramatic increment. From 2000 to 2009, institutional land use changed from 

10.94 km
2 

to 26.06 km
2
 whereas industrial land use changed from 10.05 km

2
 to 16.87 

km
2
. Due to expansion of Hatyai airport, the transportation land use was also 

increased dramatically from 1.31 km
2
 to 19.74 km

2
. Overall, urban land use was 

increased dramatically after 2006 (Figure 14). 
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Figure 14. Increasing urban land uses from the year 2000 to 2009 in URB  

Source: GEO-INRCNRE 

 

Industrialization 

Overall, most of the industries are located on the banks of river, 24.9 % 

industries are located in the upstream, 65% industries are located in midstream and 

10.1% in downstream region. In Sadoo district; 8(10.49%) Concrete, 32(41.6%) 

Rubber, 14(18.2%) Furniture, 9(11.7%) Plastic, 2(2.6%) Metal, 3(3.9%) Service and 

3(3.9%) Food industries are located. Similarly, in Klong Hoi Khog district; 4(80%) 

Concrete and 1(20%) Furniture industries are located. In Na Mom district; 1(8.3%) 

Concrete, 2(16.7%) Rubber, 2(16.7%) Furniture, 2(16.7%) Plastic and 2(16.7%) Food 

industries are located. In Hatyai district; 16(18.7%) Concrete, 36(19.6%) Rubber, 

28(15.2%) Furniture, 13(7.1%) Plastic, 9(4.9%) Metal, 49(26.6%) Service and 

24(13%) Food industries are located. In Bang Klam district; 5(16.1%) Concrete, 

8(25.8%) Rubber, 8(25.8%) Furniture, 4(12.9%) Plastic, 5(16.1%) Service industries 

are located (Figure 15). 
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Figure 15.  Portions of industries in five districts of URB  

Source: GEO-INRCNRE 
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CHAPTER 4 

RESEARCH METHODOLOGY –I 

 

One of the purposes of this study was to explore the land use pattern 

and water quality of U-tapao river.  Therefore, this study focused on the cause and 

effect relationship between land use pattern and water quality of river.  

Types and sources of data 

To analyze the relationship of land use and water quality, secondary 

data of water quality were collected from Regional Environmental Office-16, 

Songkhla and land use information were derived from the land use maps provided by 

Land Development Department, Thailand.  

Water Quality Data: In this study, only secondary water quality data 

were gathered from Regional Environmental Office-16, Songkhla which is authentic 

and reliable organization of collecting and managing water quality information 

according to Thai Standard of Southern region of Thailand. The water quality 

parameters for this study were temperature (TEMP), pH, salinity (SAL), biological 

oxygen demand (BOD), dissolved oxygen (DO), electrical conductivity (EC), 

suspended solid (SS), dissolved solid (DS), total solid (TS), turbidity (TUR), total 

coliform bacteria (TCB), fecal coliform bacteria (FCB), ammonia (NH3), Nitrite 

(NO2), Nitrate (NO3), and total phosphorous (TP).  
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Table 8 

Three types of data collection framework of U-tapao river basin 

 

Framework Year Number 

of stations 

Parameters 

I 2000-2009 9 pH, TEMP, BOD, DO, SS, EC 

II 2007-2011 21 pH, TEMP, BOD, DO, EC, NH3, FCB 

III 2003-2009 3 pH, TEMP, BOD, DO, EC, NH3, FCB, 

TCB, NO2, NO3 

Source: Regional Environmental Office-16, Songkhla 

 

Land Use: Land use types were broadly classified into four categories: 

1) Agriculture, 2) Forest, 3) Urban, and 4) Water body. The land use information of 

the basin were derived from land use maps (2000, 2007 and 2009) provided by Land 

Development Department, Thailand and land use maps (2002 and 2006) provided by 

GEO- Informatics Research Center for Natural Resource and Environment (GEO- 

IRCNRE), Hatyai, Thailand, Thailand by ArcGIS software. For calculation of slope 

and elevation of land use structure, DEM map was used provided by GEO-IRCNRE. 

Land use descriptions of four land use types were as follows: 

Agriculture: Agricultural land included paddy fields, field crops, 

perennial crops, orchard, horticulture, swidden cultivation, fishery and aquatic plants 

(Division of land use planning, Department of land use survey, Thailand).  

Forest: Forest included evergreen forest, deciduous forest, forest 

plantation and disturbed forest (Division of land use planning, Department of land use 

survey, Thailand).  

Urban: Urban included city, town & commercial land, village, 

institution land, transportation land, industrial land and others (Division of land use 

planning, Department of land use survey, Thailand).  
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Water body: Water body included natural water resources, wet land, 

mines, shrub & grass land, salt pan, rocky, beach and sand bar and others (Division of 

land use planning, Department of land use survey, Thailand).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16.  Research Methodology-I Framework 

Analysis of Data 

The data were analyzed using spatial and statistical analysis 

technique. First, the spatial data were overlaid in GIS to obtain basic information like 

percentage of land use for each period and each watershed, the percentage of land use 

changes between two periods, and the spatial distribution of changes. Then, the 

information obtained from the land use data was combined with the water quality data 
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for statistical analysis. For the case of water quality, it is affected by land uses in the 

drainage area rather than within the limits of administrative region. Therefore, water 

quality data at a sampling site could be used to represent the water quality of its 

drainage area (Amiri & Namane, 2008). The study focused the historical impact of 

land use on surface water quality of river, so annual water quality is important. 

Therefore, all available data were organized in annual format. In this study, annual 

land use information of ten watersheds of the basin were linked to annual mean water 

quality data of ten corresponding monitoring stations of the river. Overall, the 

following statistical methods were used. 

Descriptive statistical analysis: In order to describe fundamental 

characteristics of the water quality and land use of the basin, descriptive statistical 

methods like the measures of central tendency (arithmetic mean), the measures of 

dispersion (standard deviation and range), and the measures of skewness and kurtosis 

were used.  

Correlation analysis: Correlation analyses were used to find the 

relationship between land uses and water quality parameters. For this, Pearson‘s 

correlation coefficient was used to evaluate the strength of relationship. Correlation 

coefficient values range from -1.00 to +1.00, where the negative sign indicates 

negative correlation and positive sign indicates positive correlation. Zero indicates no 

correlation. 95% confidence of interval or 5% level of significance was used for entire 

study.  

Student t-test: Student t-test was used to compare the means of two 

samples. The paired sample t-test was used to compare mean values of water quality 

of two seasons. And, 5% level of significance was adjusted for this case as well.  
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Analysis of variance (ANOVA): The analysis of variance (ANOVA) 

was used the test mean difference of various groups. The ANOVA test assumes a null 

hypothesis, which states that there is no difference between the data within a data set. 

If the analysis is found to be statistically significant, then the null hypothesis is 

rejected for the alternative hypothesis. The alternative hypothesis states that the means 

of the data in the data set are different. Therefore, one-way ANOVA was used to 

determine the temporal (annual) and spatial variations of water quality parameters as 

well as land uses. Like correlation analysis and t-test, 5% level of significance was 

also adjusted in this analysis. For further analysis, the post-hoc test was also 

performed.  

Multiple Regression Analysis (MRA): In this study, multiple regression 

analysis was used to fit the relationship of land uses with water quality parameters. 

The general purpose of multiple linear regression analysis is to quantify the 

relationship between several independent variables or predictors with a dependant 

variable (Attua, 2008). This method has been successfully used by different authors to 

establish statistical model for land use and water quality aspect (Jun & Zong-Guo, 

2008; Tu & Xia, 2010; Korashey, 2009). In this study, water quality parameters were 

assigned as dependent variable and land use variables were assigned as independent 

variables. In the study, assumptions like expected value of residual terms should be 

zero with normal distribution and independent to each other, observation number 

should be more than parameter number, and there should not be multi-colinearity 

between or among independent variables were maintained.  
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The first-order simple linear regression equation as 

Y = β0+β1X + ε 

Where,  

 Y is the dependent variable  

 β0 is the intercept parameter, 

 β1 is the regression coefficient, 

 X is the independent variable  

 ε is a random error with mean, E(ε) =0 and variance=σ
2
, error term is 

independent and normally distributed  

 

Multiple Regression Equation as: 

 

Y = β0+β1X 1+β2X 2+β3X 3+
...................................

+ βk X k + ε     

 

 Where  

 Y is dependent variable (Water Quality) 

  X1 , X2 ,………….., Xk are independent variables (Land Use) 

  β0 is the intercept parameter 

  β1 ………… βk are regression coefficients 

  ε is random error. 

 

The given equation can be written as Y= X βi + ε in matrix notation 

where X is design matrix, βi is coefficient vector of regression coefficient and ε is 

vector of random error. Regression coefficients can be estimated by Ordinary Least 

Square (OLS) method, the method is based on minimizing Σ εi
2
 = (Y- Ŷ)

2
 , square of 

difference between observed Y values with predicted Ŷ values, predicted β
^
 = ( X‘ X)

-

1 
(X‘ Y) is solved by using OLS then β0 ,β1 ………… βk can be calculated (Eydrane et al., 

2005). 

 

Model building 

A key step in developing an appropriate multiple regression models is 

to select a method of model building and a set of the best model criteria. In model 

building operation; backward elimination, forward selection and stepwise methods are 
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popular in regression analysis. Backward elimination begins by placing all the 

predictors under consideration in the model. It removes one at a time until reaching a 

point where the remaining variables all make significant partial contributions to 

predicting Y. For the case forward selection, it puts one variable at a time to the 

model until reaching a point where no remaining variable not yet in the model makes 

significant partial contribution to predicting Y. Stepwise method is a modification of 

forward selection that removes variable from the model if they lose their significance 

as other variables are added. In this study, stepwise method was applied for model 

building operation.  

Validation of model 

Regression analysis has been widely used to examine relationships 

between land use and water quality (Basnayat et al., 1999; Tu & Xia, 2006; Tran et al., 

2010). Some authors constructed empirical regression models, but did not evaluate 

their predictive ability (Brett et al. 2005; Xiao & Ji 2007; Jager et al., 2011, Li et al., 

2008; Yang & Jin, 2010). Few studies evaluated the predictive power of empirical 

regression models by separating huge data set for calibration and validation (Rothwell 

et al., 2010; Zampella, 2007). In this study, longitudinal cross validation approach 

was used to test the models; in addition, land use and water quality data of 2000-2008 

were used to run model and data of 2009 were used to test the model. The 

performance of the model was tested by the average percentage of deviation (APD) 

approach on 2009 data set (Amiri & Nakane, 2008). 

Data treatment 

To adjust missing data of water quality, data were interpolated on the 

basis of previous and the following month values of the monitoring stations as well as 
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the values of its upstream and downstream stations. Unusual or suspicious outliers 

were either re-estimated or removed from regression analysis. Normality of residuals 

of the models was examined by the Sharpio-Wilk test and the results suggested that 

the residuals of all models were normally distributed. Due to closure among land-use 

variables, colinearity may introduce a bias when relating the percentage of a particular 

land use to water-quality characteristics. A variance inflation factor (VIF) of <10 was 

the criterion used to indicated that multicolinearity was not adversely affecting model 

results.  
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CHAPTRE 5 

RESULTS AND DISCUSSION –I 

 

Water Quality Analysis 

The water quality analysis is the first step of data analysis to explore 

the relationship between land use and water quality parameters. This part is mainly 

related to describe the basic characteristics of water quality of U-tapao river basin 

(URB), trend pattern, and seasonal, annual and spatial variations of water quality 

parameters. Water quality data, collected from different stations (Appendix A) from 

year 2001 to 2011 were analyzed. Descriptive statistics of 16 water quality variables 

are presented in Table 9.  

Table 9 

Descriptive statistics of water quality parameters (WQP) of URB (2001–2011) 

 

WQP Descriptive statistics of water quality parameters 

Mean SD CV Min Max Range 

TEMP (ºC) 28.72 1.73 6.02 25.00 35.00 10 

pH 6.82 0.19 2.78 2.9 13.5 10.6 

EC (μs/cm) 571.00 336.28 58.89 0.00 152800 152800 

SAL (ppt) 0.19 0.42 221.05 0.00 9.00 9.00 

TUR (NTU) 64.09 68.41 106.74 3.30 357.00 353.70 

SS(mg/L) 46.82 33.69 71.95 2.00 189.00 187.00 

DS(mg/L) 151.22 73.11 48.34 5.00 333.00 328.00 

TS(mg/L) 202.48 88.20 43.55 15.00 398.00 383.00 

BOD(mg/L) 3.37 2.39 70.91 0.40 16.7 16.3 

DO(mg/L) 4.16 1.49 35.81 0.50 11.2 10.7 

TCB (mpn/100ml) 41,274 241,270 584.55 23 3,000,000 2,999,977 

FCB (mpn/100ml) 17,251 49,254 285.51 23 500,000 49,9977 

NH3 (mg/L) 0.44 0.21 47.72 0.001 6.84 6.839 

NO3 (mg/L) 1.34 1.19 88.80 0.010 4.98 4.97 

NO2 (mg/L) 0.35 0.08 22.85 0.002 5.52 5.518 

TP (mg/L) 1.01 2.68 265.34 0.010 13.13 13.12 

Note: SD: standard deviation, CV: coefficient of variation, Min: Minimum value, Max: Maximum 

value 
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Descriptive analysis of water quality  

 

Temperature (TEMP) 

Temperature is one of the most important water quality 

parameters and it states the health of river also. The temperature of the water may 

affect both chemical and biological water characteristics and rates of many biological 

and chemical processes vary with temperature. Analyzing the monthly average 

temperature from the year 2007 to 2011, temperature is fluctuated within the around 

the range 26 
0
C to 32 

0
C (Figure 17). There was not so much difference on 

temperature in seasonal level, the average water temperature during wet season was 

28.39 
0
C and during dry season was 29.37 

0
C. The dry season starts from February to 

April and these months have low rainfall because of the South China Sea wind. The 

hottest month is normally April, during this dry season; the amount of freshwater 

flowing into river is substantially lower than the rest of the year (Panapitukkul et al., 

2005). Comparative analysis of monthly temperature data of 21 stations from year 

2007 to 2011, showed that the lowest average temperature was in ST-2 (27.42 
0
C) 

which is located in upstream region whereas the highest average temperature was in 

ST-21 (30.33 
0
C) which is located in downstream region.  

 

 
 

Figure 17. Monthly average temperature of URB from the year 2007 to 2011  
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pH, Electrical Conductivity (EC), Salinity(SAL) and Turbidity(TUR) 

pH of water is a measure of the concentration of hydrogen ions 

in it and it is measured on a scale of 0.0 to 14.0 with 7.0 being neutral. Waters with 

pH values lower than 7.0 are increasingly acidic, while waters with pH values higher 

than 7.0 are more alkaline (or basic). Water with low pH (less than 6) or high pH 

(more than 11) can be harmful for aquatic life. Generally, pure water at 25ºC has a pH 

value of 7, while unpolluted surface water has a pH range between 6.5 to 8.5 (Duh et 

al., 2008). In the basin, the overall the mean and standard deviation of pH value of 

river water were 6.82 and 0.19 respectively; which is slightly acidic (pH < 7.0) and 

the difference between the highest and lowest value was 10.6. Most pH values 

fluctuated within the range between 6 to 8 and only exceptional data were found in 

July, August, and September 2007 (Figure 18). Even though, the average pH value of 

U-tapao river was slightly acidic which is the general limit of most of rivers and lakes, 

it ranged between 6.0 and 8.5. The average highest pH value was observed in ST-3 

(7.15) and lowest value was observed in ST-7(6.56) and both are located on upstream 

region of the basin. There was slightly higher value of pH during wet season (6.92) 

compare to dry season (6.77).  

 

 
Figure 18. Monthly average pH value of URB from the year 2007 to 2011  
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EC of water is a measure of the ease with which an electrical current 

can pass through water. A high conductivity is a result of the presence of inorganic 

dissolved solids that carry a charge. EC of surface water is affected by both natural 

and anthropogenic factors. In the basin, overall mean and standard deviation of EC 

was 571.00μm/s and 336.28 μm/s, respectively with the range of 152800.00 μm/s (0-

152800). Most of the EC data showed fluctuation around 0 to 500 μm/s from the year 

2007 to 2011 with only exception for November 2007 and April and  May 2010 due 

to unidentified causes in the river system (Figure 19). There was higher value of EC 

during wet season (688.65 μm/s) compared to dry season (376.88 μm/s). The average 

lower value of EC was observed in ST-1 (32.09 μm/s) and the higher value was 

observed in ST-20 (3016.5 μm/s) since saline water entered the river from sea.  

 

 
Figure 19.  Monthly average EC of URB from the year 2007 to 2011 
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Turbidity is a measure of the amount of suspended solids in surface 

water. Suspended solids include soil particles, algae, and microbes. The mean and 

standard deviation of TUR were 64.09 NTU and 68.41 NTU respectively; and the 

difference between the highest and the lowest value was 353.70 NTU. The variations 

on these variables were observed due to spatial and temporal changing factor of the 

basin. There was higher turbidity value during wet season (84.92 NTU) to as 

compared to dry season (32.38 NTU). The average highest value of turbidity was in 

ST-2 (114.10 NTU) and lowest value was in ST-3 (9.37 NTU) and both are located in 

upstream region of the basin.  

 

Suspended solid (SS), Dissolved solid (DS) and Total solid (TS) 

Suspended solid (SS) is also used to generalize water quality. It 

is generally supplied to surface water through soil erosion process (Shrestha & 

Kazama, 2007). Similarly, the overall mean and standard deviation of SS were 46.82 

mg/L and 33.69 mg/L respectively; and the difference between the highest and the 

lowest value was 187 mg/L. The highest average SS was observed in wet season 

(44.59 mg/L) compared to dry season (38.82 mg/L). Similarly, mean and standard 

deviation of DS were 151.22 mg/L and 73.11 mg/L and the difference between the 

highest and the lowest value was 328 mg/L. The highest average DS was observed 

during dry season (169.20 mg/L) compared to wet season (148.97 mg/L). Overall, 

mean and standard deviation of TS were 202.48 mg/L and 88.20 mg/L respectively; 

and the difference between the highest and the lowest value was 383 mg/L.  
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Dissolved oxygen (DO) and Biological oxygen demand (BOD) 

Generally, dissolved oxygen (DO) represents the amount of 

gaseous oxygen (O2) in water, which is essential for aquatic organism. Low DO 

concentrations in river water indicate a degraded aquatic life (Wang et al., 2007). 

Mean and standard deviation of DO of river were 4.16 mg/L and 1.49 mg/L 

respectively; and the range of DO was 10.7 mg/L (0.5-11.2). DO is an also indicator 

of water body‘s ability to support aquatic life; hence it is essential for good water 

quality (Gyawali et al., 2011). Analyzing monthly data from year 2007 to 2011, all 

data fluctuated between 2 to 6 mg/L (Figure 20). The highest average value of DO 

was found in ST-1(5.81 mg/L) which is located in upstream region and the lowest 

value of DO was found in ST-20(2.97 mg/L) which is located in downstream region. 

The amount of DO is directly related to the population size and community of aerobic 

bacteria the aquatic system can support. Generally, DO>5.00 mg/L is considered 

favorable for growth and activity of most aquatic organism; DO<3 mg/L is stressful to 

most aquatic organism, while DO<2 mg/L does not support fish life (Yimer & 

Nengistou, 2010). Evaluating the mean concentration of DO of different monitoring 

stations, some areas of river showed a stressful condition for aquatic life. Regarding 

seasonal variation, a slightly higher value of DO was found during dry season (4.30 

mg/L) compared with wet season (4.14 mg/L).  
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Figure 20. Monthly averages DO of URB from the year 2007 to 2011 

 

Biological oxygen demand (BOD) represents the amount of oxygen required 

by microorganisms to degrade organic matter under aerobic condition (Jain & Singh, 

2003).Overall mean and standard deviation of BOD of river were 3.37 mg/L and 

2.39 mg/L respectively; and the range of the BOD was 16.3 mg/L (0.4-16.7). 

Analyzing monthly data of river from 2008 to 2011, most of data showed within the 

range between 2 to 5 mg/L. (Figure 21). The average BOD was 3.60 mg/L in dry 

season whereas the average BOD was 3.35 mg/L in wet season. The highest average 

value of BOD was found in ST-21 (4.33 mg/L) which is located in downstream 

region and the lowest value of BOD was found in ST-2 (2.37 mg/L) which is located 

in upstream region.  

 
Figure 21.  Monthly average BOD of URB from the year 2008 to 2011 
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Total Coliform Bacteria (TCB) and Fecal Coliform Bacteria (FCB) 

For surface waters, total coliform, fecal coliform and E. coli are 

used to indicate the possible presence of harmful pathogens derived from human or 

animal waste. The concentration of coliform can originate from other sources such as 

soil, decaying vegetables, and industrial activities (Kuhn et al., 1997) but high 

concentration of fecal coliform in river might indicate pollution due to bad sanitation 

of human and animal fecal materials.  

In the U-tapao river, the overall mean and standard deviation of 

TCB were 41,274 mpn/100ml and 241,270 mpn/100ml respectively; and the 

difference between the highest and the lowest value was 2,999,977 mpn/100ml. The 

higher value of TCB was found during wet season (63,770 mpn/100ml) compared to 

dry season (7,026 mpn/100ml). Similarly, the mean and standard deviation FCB were 

17,251 mpn/100ml and 49,254 mpn/100ml respectively and the difference between 

the highest and the lowest value was 499,977 mpn/100ml. The higher value of FCB 

was found during wet season (5,471 mpn/100ml) compared to dry season (5,158 

mpn/100ml). The average highest value of FCB was found in ST-15 (43,800 

mpn/100ml) and the lowest value was found in ST-8 (1,580 mpn/100ml). Overall, the 

average presence of fecal coliform bacteria in all stations is quite high and it is not 

good to use water for domestic purpose without treatment.  

Nutrients 

Total nitrogen (TN) and Total phosphorous (TP) are common 

identifiers of nutrients in water. Nitrogen is vital element required for plant and 

animal growth. Nitrate and ammonia are two key forms of nitrogen in water. In 

natural conditions, the concentration of nitrate in water is 0.5 to 3mg/L, while the 
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concentration of ammonia is around 3 mg/L (Jain & Singh, 2003). Phosphorous is 

abundant in sediment, but its concentration in the soluble form in surface water is 

relatively low. A common concentration of phosphorous in surface water is around 

0.05 mg/L (Jain & Singh, 2003). Excessive amount of these nutrients is not good for 

river water quality aspect. 

In U-tapao river, overall mean and standard deviation of NH3 

were 0.44 mg/L and 0.21 mg/L respectively; and the difference between the highest 

and the lowest value was 6.809 mg/L. The highest average value of NH3 was found in 

ST-20 (1.243 mg/L) and the lowest value was found in ST-2 (0.027 mg/L). And, 

comparatively higher value of NH3 was found during wet season (0.571 mg/L) rather 

than during dry season (0.258 mg/L). Similarly, the mean and standard deviation of 

NO3 were 1.34 mg/L and 1.19 mg/L respectively; and the difference between the 

highest and the lowest value was 4.97 mg/L. And, comparatively higher value of NO3 

was found during dry season (1.89 mg/L) than during wet season (1.22 mg/L). 

Moreover, mean and standard deviation of NO2 were 0.35 mg/L and 0.08 mg/L 

respectively; and the difference between the highest and the lowest value was 5.518 

mg/L. Similarly, mean and standard deviation of TP were 1.01 mg/L and 2.68 mg/L 

respectively; and the difference between the highest and the lowest value was 13. 12 

mg/L. Comparatively, the higher value of TP was found during wet season (1.01 

mg/L) than during dry season (0.096 mg/L). 
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Seasonal, Annual, and Spatial variations of water quality parameters 

 

Table 10 

Seasonal variation of water quality 

 

WQP Dry Season Wet season t-value p-value 

TEMP 29.37±1.88 28.39±1.57 7.676 0.000 

pH 6.77±0.84 6.92±1.10 -2.012 0.045 

BOD 3.60±2.71 3.35±2.30 1.182 0.238 

DO 4.30±1.58 4.14±1.46 1.415 0.157 

EC 376.88±1407.43 688.65±4398.32 -1.162 0.246 

SS 38.82±32.34 44.59±43.29 -0.536 0.595 

DS 169.20±95.00 148.97±71.72 0.579 0.566 

SAL 0.277±1.22 0.131±0.838 1.305 0.193 

TUR 32.38±20.52 84.92±80.02 -5.256 0.000 

TCB 7,026±8,567 63,770±30,902 -1.501 0.135 

FCB 5,158±25,194 5,471±62,089 -2.632 0.009 

NH3 0.258±0.398 0.571±1.14 -2.097 0.038 

NO3 1.896±0.960 1.22±1.21 0.341 0.732 

TP 0.962±1.35 1.01±2.82 -0.039 0.969 
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Figure 22. Seasonal variation of TEMP, pH, TUR, FCB and NH3 of URB 

In this study, TEMP showed significant seasonal variation and TEMP was 

significantly higher during dry season compared to wet season (Table 10). The 

highest average TEMP (30.88 ºC) was found in ST-20 during dry season whereas the 

lowest average TEMP (26.97 ºC) was found in ST-2 during wet season. For pH, there 

was significant difference on mean values in seasonal level, the highest average pH 

value (7.52) was found in ST-19 in wet season and the lowest average pH value (6.30) 

was found in ST-6 during dry season. Similarly, for TUR, there was significant 

difference on mean values with respect to seasonal level, the highest average TUR 

(187.90 NTU) was found in ST-2 during wet season whereas the lowest average TUR 

(9.13 NTU) was found in ST-3 during dry season. For FCB, there was significant 
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difference on mean values in seasonal level, the highest average value of FCB (82,700 

mpn/100ml) was found in ST-12 during wet season whereas the lowest average value 

of FCB (750 mpn/100ml) was found in ST-1 during dry season. In the urban 

watershed, fecal coliform levels were much higher during wet season than during the 

dry season. For NH3, there was significant difference on mean values in seasonal level, 

the highest average value of NH3 (0.151 mg/L) was found in ST-16 during wet season 

whereas the lowest average value of NH3 (0.031 mg/L) was found in ST-9 during dry 

season. Other water quality parameters did not show significant difference on mean in 

seasonal level.  

 

Annual variations  

From annual variation analysis, there was significant difference on 

mean values of TEMP in annual level (F=15.064, p<0.05). From Tukey post-hoc 

analysis, the highest significant annual mean difference was found between years 

2001 and 2010 (- 1.75 ºC, p=0.046). Annual trend of TEMP of the basin was observed 

by plotting the average annual TEMP values determined for all monitoring sites 

against year. For the case of TEMP, it was slightly increased from year 2001 (27.85 

ºC) to 2011 (28.67 ºC) and the highest temperature was observed in year 2010 (29.60 

ºC). From time series analysis, TEMP showed the rising trend line (Figure 23) 

. 
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Figure 23.  Trend line of TEMP of URB 

 

For pH, there was significant difference on mean values of pH on 

annual level (F=20.042, p<0.05). From post-hoc analysis, the highest significant 

annual mean difference was found between years 2007 and 2010 (-1.15, p=0.00). For 

the case of pH, all annual average pH values are in the permissible range (6.0-8.5) and 

the lowest value was observed in year 2007 (6.09) and the highest value was observed 

in year 2010 (7.24). From trend analysis, pH value showed slightly declining trend 

(Figure 24).  

 
 

Figure 24. Trend line of pH value of URB 
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For BOD, there was significant difference on mean values on annual 

level (F=8.257, p<0.05). From post-hoc analysis, the highest significant annual mean 

difference was found between years 2001 and 2007 (-2.60 mg/L, p= 0.035). During 

trend analysis, BOD showed a slightly rising trend and the highest value was observed 

in year 2007 (5.00 mg/L) and the lowest value was observed in year 2001 (2.04 mg/L) 

(Figure 25).  

 
 

Figure 25. Trend line of BOD of URB 

 

For DO, there was significant difference on mean values on annual 

level (F=18.472, p<0.05). From post-hoc analysis, the highest significant annul mean 

difference was found between years 2002 to 2010 (-1.88 mg/L, p=0.03). DO did not 

show any types of trend, in contrast to BOD. The highest value of DO was observed 

in year 2001 (5.22 mg/L) and the lowest value was observed in year 2007 (3.01 mg/L) 

(Figure 26). 
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Figure 26. Trend line of DO of URB 

 

Regarding EC, there was a significant difference on mean values on 

annual level (F=3.432, p<0.05). From post-hoc analysis, the highest significant annual 

mean difference was found between years 2007 and 2008 (2398.65 μs/cm, p=0.00). 

EC showed slightly declining trend. The highest value of EC was observed in year 

2007 (2547.1 μs/cm) and the lowest value was observed in year 2001 (120.6 μs/cm) 

(Figure 27). 

 
 

Figure 27. Trend line of EC of URB 
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difference was found between years 2006 and 2010 (-90.48 NTU, p=0.001). TUR 

showed slightly rising trend, the highest value was observed in year 2010 (138.68 

NTU) and the lowest value was observed in year 2006 (57.3 NTU) (Figure 28). 

 
 

Figure 28. Trend line of TUR of URB 

 

For NH3, there was a significant difference on mean values on annual 

level (F=20.617, p<0.05). From post-hoc analysis, the highest significant annual mean 

difference was found between years 2008 and 2010 (-1.62 mg/L, p=0.00). NH3 

showed slightly rising trend, the highest value was observed in year 2008 (2.2 mg/L) 

and the lowest value was observed in year 2006 (0.59 mg/L) (Figure 29).  

 

 
 

Figure 29. Trend line of NH3 of URB 
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Spatial variations 

To obtain information on the spatial distribution of water 

quality, the average value of whole year was calculated for each monitoring site. To 

assist visual interpretation, moving average curves were demonstrated in the figures. 

In this study, station ST-1 to ST-9 represented upstream region of basin and most of 

these areas were less affected from human activities, out of which, station ST-1 to ST-

3 were the least affected regions. Station ST-10 to ST-17 represent midstream region 

of basin and most of these areas were affected by almost all types of pollution from 

residential, agricultural and industrial activities. Most of rubber processing and 

agricultural based industries are located along the station ST-12 to ST-17. Station ST-

18 to ST-21 represent downstream region of basin and these regions were very much 

affected by agricultural, as well as shrimp and pig farming activities. Overall, most of 

the industries were located on the banks of river; 10.1% industries were located in the 

upstream, 65% industries were located in midstream and 24.9% were located in 

downstream region. And, the main commercial city, Hatyai is located in midstream 

region whereas traditional city, Songkhla is located in downstream region of the basin.  
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Figure 30. Twenty one  monitoring stations along the river of URB 

Source : GEO-IRCNRE 

 

For the case of spatial variation, TEMP clearly showed the variation on 

spatial level. There was a significant difference on mean values of water temperature 

on spatial level (F=8.081, p<0.05). From post-hoc analysis the highest significance 

difference on mean values was found between stations ST-2 and ST-21 (-2.9 ºC, 

p=0.00). The average temperature of downstream region was greater than that of 

upstream region (Figure 31). From Figure 31, the lowest temperature was 27.4 
0
C at 

ST-2 which is located in upstream region whereas the highest average was 30.33 
0
C 

which is located in downstream region.  
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Figure 31. Distribution of TEMP in 21 water quality monitoring stations of URB 

 

Regarding pH, there was no significant difference on mean values on 

spatial level. The average pH value in midstream region was slightly lower than in 

upstream and downstream regions (Figure 32). There was no clear trend of pH and the 

highest value was observed at ST-3 (7.15) and the lowest value was observed at ST-7 

(6.56).  

 

 
Figure 32. Distribution of pH in 21water quality monitoring stations of URB 
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Regarding BOD, there was no significant difference on mean values on 

spatial level but the average BOD was slightly higher in downstream region than in 

the upstream region (Figure 33) and the highest BOD was observed in ST-21 (4.33 

mg/L) and the lowest was observed in ST-2 (2.37 mg/L).  

 
 

Figure 33. Distribution of BOD in 21 water quality monitoring stations of URB 

 

Regarding DO, there was a significant difference on mean values of 

DO on spatial level (F= 10.933, p<0.05) and from post-hoc analysis the highest 

significant difference on mean values was found between stations ST-1 to ST-20 

(2.84 mg/L). The average value of DO in downstream region was lower than in the 

upstream region (Figure 34).  

 
 

Figure 34. Distribution of DO in 21 water quality monitoring stations of URB 
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For the case of EC, there was no significant difference on mean values 

on spatial level but the values of EC were comparatively very high in ST-20 and ST-

21 (Figure 35). For the case of SAL, there was a significant difference on mean values 

(F=4.979, p<0.05) and from post hoc analysis the highest significant mean difference 

was found between stations ST-1 and ST-21 (-2.5 ppt, p=0.00).  

 

 
 

Figure 35.  Distribution of EC in 21 water quality monitoring stations of URB 

 

There was no significant difference on mean values on TUR on spatial 

level and comparatively low TUR was found in ST-3 and ST-4 (Figure 36).  

 

 
Figure 36. Distribution of TUR in 21 water quality monitoring stations of URB 
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There was no significant difference on mean values of FCB on spatial 

level but comparatively higher FCB was observed in stations ST-7, ST-9, ST-12, and 

ST-15 (Figure 37).  

 
Figure 37. Distribution of FCB in 21 water quality monitoring stations of URB 

 

For the case of NH3, there was no significant difference on mean values on 

spatial level but comparatively higher NH3 was found in ST-16 and ST-20 (Figure 38). 

 

 
Figure 38. Distribution of NH3 in 21 water quality monitoring stations of URB 
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Land use analysis 

Land use analysis is the second step of data analysis part to explore the 

relationship between land use and water quality. This part is mainly related to 

describing the overall status of land use pattern of U-tapao river, analyzing the trend 

of land use, spatial and temporal variations of land use patterns.  

 
 

Figure 39. Land use distribution of URB from year 2000 to 2009 (in km
2
)  

 

Descriptive analysis of land use 

Overall, the total area of the basin is 2305 km
2
. Agricultural 

land is the dominating land of the basin; it covered about 1847.68 km
2
 (80.16 %) of 

the basin in the year 2000 and 1696.71 km
2
 (73.61%) in the year 2009 (Figure 39). 

Comparing different types of agricultural land use, rubber was dominating land use 
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(Figure 40). The change of 6.13% land of rubber is the major land use change in the 

basin. The second dominating agricultural land use was paddy, the area of paddy field 

decreased from 112.5 km
2
 (4.88 %) in the year 2000 to 103.73 km

2
 (4.50%) in the 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Agriculture

Forest

Urban

Water body



112 
 

year 2009 of total basin land (Figure 40). Similarly, land use for orchard decreased 

from 53.93 km
2
 (2.34%) in the year 2000 to 30.42 km

2
 (1.32%) in the year 2009; and 

land for farm house also decreased from 0.98 km
2
 in the year 2000 to 0.83 km

2
 in the 

year 2009 (Figure 40). In contrast, the area of palm-oil increased from 17.89 km
2
 in 

the year 2000 to 24.30 km
2
 in the year 2009 and fishery increased from 3.88 km

2
 in 

the year 2000 to 9.47 km
2
 in the year 2009 (Figure 40). Overall, the agricultural land 

decreased by 6.45% from the year 2000 to the year 2009 (Figure 39).  

 
 

Figure 40. Agricultural land use distribution from the year 2000 to 2009  

 

Like other developing land, the urban and built up land use of 

the basin also increased from 84.13 km
2
 (3.65%) in the year 2000 to 209.06 km

2
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use like for golf course also increased from 1.68 km
2
 to 5.53 km

2
 during this period 

(Figure 41). 

 

 
 

Figure 41.  Urban built up land use distribution from the year 2000 to 2009  
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2
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2
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2
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2
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2
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(Figure 42).  

 
Figure 42. Forest land use distribution from the year 2000 to 2009  
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Total area of water body increased from 84.32 km
2
 (3.65%) to 102.57 

km
2
 (4.45%) from year the 2000 to 2009. Natural resources like river and lake area 

increased from 4.33 km
2
 to 7.24 km

2
, reservoir increased from 8.10 km

2
 to 17.25 km

2
, 

grass and shrub land increased from 17.87 km
2
 to 85.77 km

2
 and laterpite area 

increased from 1.65 km
2
 to 6.45 km

2
. In contrast, the wet land decreased from 43.71 

to 6.38 km
2
 and mining area decreased from 8.88 km

2
 to 8.11 km

2
 (Figure 43). 

 

 
 

Figure 43. Water body distribution from the year 2000 to 2009  

 

Land use change  

In the year 2000, the percentage of agriculture, forest, urban, 

and water body were 80.16%, 12.86%, 3.65% and 3.65% respectively (Figure 39). 

Out of 80.16% land of agriculture, only 79.98% remained as agricultural land use but 

the remaining 0.17% land has been converted to forest land use, 0.02% to urban land 

and 0.005% to water body in the year 2002 (Table 11). Similarly, in the year 2000, the 

percentage of forest land use was 12.86%, out of which only 12.37% remained as 

forest land use and the remaining 0.14% land has been converted to agricultural land, 

0.01% to urban and 0.18% to water body in the year 2002. Similarly, out of 3.65% of 

urban land use, only 3.52% remained as urban land but the remaining 0.001% land 

0%

20%

40%

60%

80%

100%

2000 2002 2006 2007 2009

Laterpite

Mines

Grass & Scrub

Wetland

Reservoir

River & lake



115 
 

has been converted to agricultural land and 0.004% to water body. Similarly, out of 

3.65% of water body, only 3.36% remained as water body and the remaining 0.11% 

land has been converted to agricultural land, 0.001% to forest and 0.001% to urban in 

the year 2002 (Table 11). Overall, agricultural land use increased by 0.078%, forest 

land use increased 0.013%, urban land use increased by 0.005% and only water body 

was decreased by 0.096% from the year 2000 to 2002 (Table 11).  

In the year 2002, 80.23% of land was agricultural which 

decreased to 73.99% in the year 2006 with 3.25% converted to forest land, 1.64% to 

urban and 1.34% to water body. Out of the 12.54% land of forest in 2002, only 

9.072% remained as forest in 2006 and the remaining 3.25% land has been converted 

to agricultural land, 0.15% to urban and 0.001% to water body. Similarly, in the year 

2002, 3.65% land was urban but in year 2006, only 1.83% remained as urban and the 

remaining 2.01% land has been converted to agricultural land, 0.49% to forest and 

0.01% to water body. Similarly, in the year 2002, only 3.55% land was for water body 

but in the year 2006, only 3.71% land remained as water body, and the remaining 

0.66% land has been converted to agricultural land, 0.36% to forest, and 0.14% to 

urban land (Table 11). 

In the year 2006, 79.66% of land was agricultural land but in 

the year 2007, out of total agricultural land, only 73.07% land remained as 

agricultural land and the remaining 1.97% was converted to forest land, 2.58% to 

urban and 2.03% to water body. Regarding forest, in the year 2006, there was only 

12.82% land available for forest but in the year 2007, only 9.77% remained as forest, 

and the remaining 2.96% land was converted to agriculture, 0.10% land to urban and 

0.004% land to water body. Similarly, in the year 2006, 3.78% land was urban but in 
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the year 2007, only 2.94% remained as urban and the remaining 0.33% land was 

converted to agricultural land, 0.49% to forest and 0.01% to water body. Similarly, in 

the year 2006, only 3.71% land was as water body but in the year 2007, only 2.71% 

land remained as water body, and remaining 0.22% land was converted to agricultural 

land, 0.49% to forest, and 0.28% to urban land (Table 11). 

In the year 2007, 76.6% of land was agricultural but in the year 

2009, out of total agricultural land, only 73.45% land remained as agricultural land 

and the remaining 0.25% was converted to forest land, 2.34% to urban and 0.55% to 

water body. In the year 2007, there was only 12.74% land available for forest but in 

the year 2009, only 11.74% remained as forest, and the remaining 0.15% land was 

converted to agricultural land, 0.83% to urban and 0.007% to water body. Similarly, 

in the year 2007, 5.90% land was urban but in the year 2009, only 5.89% remained as 

urban land, and the remaining 0.001% land was converted to agricultural, 0.001% to 

forest and 0.008% to water body. Similarly, in the year 2007, only 4.76% land was 

available as water body, but in the year 2009, only 3.88% land remained as water 

body, and the remaining 0.001% was converted to agricultural land, 0.87% to forest, 

and 0.001% to urban land (Table 11). 
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Table 11 

Land use change in URB from year the 2000 to 2009 (in %) 

 

Year 2002 

2000  Agriculture Forest Urban Water body 

Agriculture 79.982 0.172 0.021 0.005 

Forest 0.141 12.370 0.012 0.184 

Urban 0.001 0.000 3.521 0.004 

Water body 0.114 0.001 0.001 3.361 

Total 80.238 12.543 3.655 3.554 

 2006 

2002 Agriculture 73.995 3.254 1.648 1.341 

Forest 3.317 9.072 0.153 0.001 

Urban 1.688 0.131 1.834 0.002 

Water body 0.666 0.367 0.148 2.373 

Total 79.666 12.824 3.783 3.717 

 2007 

2006 Agriculture 73.075 1.974 2.580 2.037 

Forest 2.965 9.778 0.100 0.004 

Urban 0.336 0.498 2.940 0.009 

Water body 0.224 0.495 0.283 2.715 

Total 76.600 12.745 5.903 4.765 

 2009 

2007 Agriculture 73.450 0.251 2.345 0.554 

Forest 0.158 11.742 0.838 0.007 

Urban 0.001 0.001 5.893 0.008 

Water body 0.001 0.876 0.001 3.887 

Total 73.61 12.87 9.077 4.456 

 

 

 

Spatial and temporal variation of land use 

 

For spatial variation analysis, the basin was divided into 10 

mutually exclusive watersheds (Table 7). The largest watershed is WS- V (350.26 

km
2
) and the smallest being WS-IV (104. 99 km

2
). In the year 2000, in WS-I, the 

percentage of agricultural land was 78.64%, the percentage of forest land was 

11.18 %, the percentage of urban land was 2.15% and the percentage of water body 
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was 8.03% (Figure 44). In the year 2009, in WS-I, the agricultural land decreased by 

11.63%, forest land increased by 0.73%, urban land increased by 8.33% and water 

body increased by 2.57% (Table 12).  

In 2000, there was 67.59% agricultural land in WS-II, 3.37 % 

land was forest, 13.82% land was urban and 14.84% land was water body. Comparing 

from the year 2000-2009, the agricultural land decreased by 1.71%, forest land 

increased by 0.67%, urban land increased by 8.55% and water body decreased by 

7.51%. The percentage of agriculture, forest, urban, and water body in WS-III were 

68.13%, 25.86%, 3.55% and 2.46% respectively. In the year 2009, agricultural land 

decreased by 7.89%, forest land decreased by 2.41%, urban land increased by 6.16%, 

and water body increased by 4.14%. The percentage of agriculture, forest, urban, and 

water body of WS-IV were 84.68%, 3.18%, 7.41% and 4.73% respectively in the year 

2000 and in the year 2009, agricultural land decreased by 8.54%, forest land increased 

by 0.26%, urban land increased by 4.48% and water body increased by 3.80% (Table 

12). 

Moreover, in the year 2000, the percentage of agriculture, 

forest, urban, and water body of WS-V were 78.59%, 14.57%, 2.77% and 4.07%, 

respectively (Figure 44) and in the year 2009, the agricultural land decreased by 

3.82%, forest land decreased by 4.71%, urban land increased by 4.41% and water 

body increased by 4.12% (Table 12). Similarly, in the year 2000, the percentage of 

agriculture, forest, urban and water body of WS-VI were 93.32%, 4.29%, 2.26% and 

0.13% (Figure 44) , respectively and in the year 2009, the agricultural land decreased 

by 10.16%, forest land increased by 4.49%, urban land increased by 2.59% and water 

body increased  by 3.08% (Table 12). In the year 2000, the percentage of agriculture, 
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forest, urban and water body of WS-VII were 84.71%, 13.91%, 1.01% and 0.37% 

(Figure 44), respectively and in the year 2009, agricultural land decreased by 8.37%, 

forest land increased by 4.47%, urban land increased by 1.69% and water body 

increased by 2.21% (Table 12).  

In the year 2000, the percentage of agriculture, forest, urban 

and water body of WS-VIII were 90.99%, 5.89%, 1.67% and 1.45%, respectively 

(Figure 44). Comparing from the year 2000 to 2009, the agricultural land decreased 

by 3.32%, forest land increased by 0.16%, urban land increased by 2.06% and water 

body increased by 1.10%. The percentage of agriculture, forest, urban and water body 

of WS-IX of the year 2000 were 96.72%, 0.34%, 2.68% and 0.27% respectively 

(Figure 44). Comparing from 2000 to 2009, the agricultural land decreased by 4.46%, 

forest land decreased by 0.01%, urban land increased by 2.89% and water body 

increased by 1.58% (Table 12). The percentage of agricultural, forest, urban and water 

body of WS-X in the year 2000 were 76.83%, 21.69%, 0.57% and 0.91% respectively 

(Figure 44). Comparing from 2000 to 2009, the agricultural land decreased by 8.47%, 

forest land increased by 2.93%, urban land increased by 0.78% and water body 

increased by 4.74% (Table 12). 
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Table 12 

Ten watersheds of URB and percentage change of land use from 2000 to 2009 

 

Watershed Area (km
2
) Change in land use in percentage from 2000 to 2009 

AGR FOR URB WTB 

WS- I 144.92 - 11.63 + 0.73 + 8.33 + 2.57 

WS-II 257.65 - 1.71 + 0.67 + 8.55 - 7.51 

WS-III 338.68 - 7.89 -2.41 +6.16 + 4.14 

WS-IV 104.99 - 8.54 + 0.26 + 4.48 + 3.80 

WS-V 350.26 - 3.82 - 4.71 + 4.41 + 4.12 

WS VI 164.29 - 10.16 + 4.49 + 2.59 + 3.08 

WS-VII 326.59 - 8.37 + 4.47 + 1.69  + 2.21 

WS-VIII 184.91 - 3.32 + 0.16 + 2.06 + 1.10 

WS-IX 172.32 - 4.46 -0.01  + 2.89 + 1.58 

WS-X 260.39 - 8.47 + 2.93  + 0.78 + 4.74 

 

 
 

Figure 44. Land use distribution on 10 watersheds of URB in the year 2000 
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difference of agricultural land use was observed between watershed II and watershed 

IX. In the case of forest land use, there was significant difference between mean 

values in spatial level (F=379.97, p<0.05) and the highest significant mean difference 

was observed between watershed III and watershed IX. In the case of urban land use, 

there was significant difference between mean values in spatial level (F=36.91, 

p<0.05) and the highest significant mean difference was observed between watershed 

II and watershed X. In the case of water body, there was significant difference 

between mean values in spatial level (F=28.87, p<0.05) and the highest significant 

mean difference was observed between watershed II and watershed VI. 

 

The relationship between land use and water quality 

Correlation analysis of land use and water quality 

Many studies demonstrate that surface water quality has 

deteriorated noticeably in many parts of world due to poor land use practice and 

indicate the strong relationships between declining water quality and increasing 

agricultural and urban lands in catchment scale (Basnyat et al., 1999). Tong and 

Chang (2002) found that increment in agricultural land had a strong positive 

correlation with conductivity and pH but a negative correlation with heavy metals, 

while increment in residential land had a positive correlation with heavy metals, 

biological oxygen demand, and conductivity in the watersheds of Ohio State, USA. 

Similarly, Li et al. (2008) demonstrated that temperature had negative correlation with 

vegetation and bare land, pH had negative correlation with urban land and nitrite had 

positive correlation with bare land in Han River Basin, China. Ahearn et al. (2005) 

demonstrated that nitrite and total suspended solid had positive correlation with 
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agriculture, urban and grass land and negative correlation with forest land in Sierra 

Nevada, California. Due to the fact that some correlation exists between pollution 

loading and land use, there is always potential for improving water quality with 

proper land-use management practices. This study also tried to find the relationship 

between land uses of the basin and water quality parameters of U-tapao river. For 

correlation analysis, land use information of ten watersheds was linked water quality 

data of corresponding monitoring stations. The correlation coefficient of between land 

uses and water quality parameters were presented in Table 13 below.  

 

Table 13 

Correlation coefficient between land use and water quality parameters 

 

WQP AGR FOR URB WTB 

TEMP -0.588 0.202 0.491 0.423 

pH 0.149 -0.117 -0.143 0.023 

EC -0.034 0.006 -0.102 0.162 

DO 0.378 -0.083 -0.245 -0.411 

BOD -0.422 0.183 0.246 0.347 

SS -0.254 -0.075 0.297 0.002 

DS -0.714 0.366 0.402 0.340 

TUR 0.181 0.219 -0.360 -0.124 

FCB -0.239 0.221 0.352 -0.615 

TP -0.180 0.250 0.037 -0.314 

NO3 -0.241 -0.319 0.399 0.340 

NO2 0.174 -0.381 0.274 -0.162 

NH3 0.018 -0.270 0.165 0.259 

Note: Bold (p<0.05) 

 

Results from the correlation analysis indicated that land-use 

types were significantly correlated with many water quality variables in the watershed 

scale (Table 13). For example, TEMP had significant negative correlation with 

agriculture and positive correlation with urban, forest, and water body (r = -0.588, 
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0.491, 0.202, and 0.423). BOD had significant negative correlation with agriculture 

and positive correlation urban and water body (r= - 0.422, 0.246, & 0.347). DO had 

significant positive correlation with agriculture and negative correlation urban and 

water body (r= 0.378, -0.245, & -0.411). These results suggest that the changing 

pattern of local urban and agricultural lands could be the primary driving forces 

behind the variations in DO, BOD, and TEMP.  

DS had significant negative correlation with agriculture and 

positive correlation with forest, urban and water body (r= -0.714, 0.366, 0.402, & 

0.340) and SS had significant negative correlation with agriculture and positive 

correlation with urban land use (r= -0.254 & 0.297). Generally higher SS can be 

observed with higher runoff where soil can be easily eroded (Ahearn et al., 2005; 

Braskerud, 2002). Industrial and domestic sewage discharged into surface water in 

urban areas lead to higher SS than other areas (Wang et al., 2007).Since surface water 

contamination is highly dependent on storm water runoff; it is not surprising that 

contaminants located in urban land use are more likely to reach water bodies. It was 

observed during field surveys that the urban sites in this study had very little or no 

vegetated riparian zone, thereby increasing the probability that concentrations of these 

contaminants increase after storm events. Runoff from urban land and effluents from 

industrial areas are major sources of fine sediment in river systems. The results 

indicate that mean concentrations of solid particles are most strongly linked to urban 

cover, suggesting that anthropogenic sources are the major contributor to fine 

sediment delivery in the basin (Rothwell, 2010).  

FCB had significant positive correlation with urban land (r= 

0.352) whereas it had significant negative correlation with water body (r = - 0.615). 
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Generally, urban land use and agricultural land use seem to yield the highest 

concentrations of fecal coliform in nearby surface waters (Mallin et al., 2000; 

Mehaffey et al., 2005; Shoonover et al., 2005). In urban watersheds, a strong 

correlation exists between the percent impervious surfaces in the watershed and mean 

fecal coliform levels in surface waters (Shoonover et al,. 2005; Young & Thackston, 

1999). Mallin et al. (2000) also found a similar strong correlation between population 

density and mean fecal coliform levels in surface waters. Fecal coliform are 

consistently higher during both base flow and high flow periods in urban watersheds 

compared to other land uses (Shoonover et al., 2005). The number of domestic 

animals in an urban watershed may be another cause of elevated fecal coliform levels 

(Mallin et al., 2000; Young & Thackston, 1999). Young and Thackston (1999) found 

that high levels of fecal coliform and E. coli in urban watersheds were the result of 

animal sources rather than that of human.  

NO3 had significant positive correlation with urban (r= 0.399) 

and NO2 had significant negative correlation with forest (r = -0.381). Nitrogen in 

surface water comes through several means; agricultural areas and grasslands are the 

major contributors. And discharged wastewater from a treatment plan also contributes 

to nitrogen concentration in surface water (Ahearn et al., 2005). On the contrary, 

denitrification in wetlands, riparian forests, and grasslands could reduce the nitrogen 

concentration of surface water (Hayakawa et al., 2006). Woli et al. (2008) suggest that 

the concentration of nutrients in surface water is not necessarily related to agricultural 

land use but more to the proportion of urban areas.  
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Regression analysis 

 

In previous literatures, many methods and techniques were 

used to link land uses and water quality and to predict water quality parameters. Ha & 

Stenstorm (2003) used neural network approach to link land use and water quality as 

well as predict water quality parameters on the basis of  land uses. Similarly, Kalin et 

al. (2009) used neural network approach to predict water quality parameters like total 

dissolved solid (TDS), Nitrate (NO3), Sodium (Na) and Potassium (K) in West 

Georgia, United States. Since, the neural network approach is limiting case of 

regression model and its complexity, this concept is seldom used to link land use and 

water quality parameters.  Some researcher tried to use factor analysis to explain land 

uses and water quality. Yu et al. (2012) used both factory analysis (FA) and principal 

component analyses reduce the number of land use matrices to link land use and water 

quality parameters. Lee et al. (2010) tried to link land use and water quality 

parameters by using principal component analysis in South Korea. To explain the 

relationship of land uses and water quality by factor analysis is good approach but it 

cannot be used to predict the water quality on the basis of land use parameters. For 

this reason, correlation and regression analysis are popular methods even they need a 

large set of data. Due to simplicity & flexibility, regression models were frequently 

used around the globe to predict water quality parameters on the basis of land uses 

(Bahar et al., 2008; Azyana & Norulaini, 2012; Amiri & Nakane, 2008; Sliva & 

Williams, 2001; Nakane & Haidery, 2010; Li et al., 2009; Tong & Chen, 2002; Tu, 

2011).  

In this study, the sub-watershed (Sub-basin) approach was used 

to link land uses with water quality parameters by multiple regression analysis. Water 
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quality variables were assigned as dependent variables and land use variables were 

assigned as independent variable. To develop multiple regression models, some basic 

principles have to follow. For the case of sampling size, the number of cases 

substantially exceeds the number of predictor‘s variables. In this study, the percentage 

of agriculture land, forest land, urban land and water body were assigned as 

independent variables and the number of cases are exceed to the number of 

independent variables. Since, regression coefficients are independent of change of 

origin but not of scale. In this study, the values of all land use parameters were 

assigned in percentage.  For regression analysis, the residual should be independent 

and distributed normally. In this case, the normality of residuals were checked by 

Sharpio-Wilk test and found that all residual values were normally distributed.  

In regression analysis, the selection of the appropriate model is 

also an important part. Generally, the most of researchers prefer the coefficient of 

determination (R
2
) criteria for selection of the model that means the higher value of 

R
2
 recommend the selection of that model (Huang et al., 2011; Yang et al., 2006; 

Zampella, 2007; Silva & Williams, 2001). Sometime, R
2
 gives upward biasness, for 

this reason, some researchers prefers Adjusted R
2
 instead of R

2
 criteria (Li et al., 

2008; Li et al., 2009). Some researchers used the concept of the difference between R
2
 

and Adjusted R
2
 should be less than 5% criteria.  Some researchers used the joint R

2
, 

MSE and Mallow‘s Cm statistics (R
2
 should be large and Cm should be less) to select 

the appropriate model. Beside these, F-test and t-test approaches could be used to 

select the appropriate model (Nakane & Haidary, 2010). The F-test allows to conclude 

that the regression coefficients (or slope coefficients) are jointly significant or not and 

t-test allows to conclude that the regression coefficients (or slope coefficients) are 
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individually significant or not. In this study, Adjusted R
2
, F-test and t-test were jointly 

used to select the appropriate regression model.  

Fitting with historical data set of year 2000 to 2008 of land uses 

as independent variables and water quality parameters as dependent variables, 13 

regression models were found (Appendix I). To select the best one out of 13 

regression models, first of all, they were checked with the level of significance (p < 

0.05). Applying this concept, only 8 regression models were proposed for further 

purpose (Table 14). The strength of regression model can be checked through R
2
 or 

Adjusted R
2
 values and the higher values indicate the higher strength of the model. 

For this study, Adjusted R
2
 value less than 0.2 was rejected for further process. By 

using this rule, only 7 regression models (TEMP, pH, DO, BOD, SS, DS and FCB) 

were proposed for further process.  

Table 14 

Regression equations of Water Quality Parameters (WQP) 

WQP Independent 

variables 

Regression equation R
2
 Adj 

R
2
 

F-test p-

value 

TEMP URB, FOR, 

WTB 

TEMP = 26.517 + 0.145 URB + 

0.078 FOR + 0.055 WTB 

0.655 0.597 11.36 0.000 

pH AGR pH = 4.459 + 0.025 AGR 0.319 0.283 8.897 0.008 

EC AGR EC= -157.698+ 3.0122 AGR 0.237 0.195 5.597 0.029 

DO AGR, FOR DO= -2.337+ 0.072 AGR + 0.047 

FOR 

0.530 0.495 15.208 0.000 

BOD AGR, FOR BOD= 5.535- 0.024 AGR + 0.117 

URB 

 

0.560 0.527 17.172 0.000 

SS FOR, AGR, 

URB  

SS = -523.033+3.447 FOR + 7.662 

URB + 6.555 AGR 

 

0.568 0.424 3.948 0.047 

DS FOR, URB, 

WTB  

DS = -6.948+5.551 FOR + 4.896 

URB + 5.305 WTB 

 

0.563 0.537 21.477 0.000 

FCB AGR, URB, 

WTB  

FCB = 329431.478 – 3669.563 

AGR-2908.470 URB – 2963.194 

WTB 

0.507 0.442 7.876 0.001 
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In this study, R
2
 and Adjusted R

2
 values of TEMP model (F= 

11.36, p< 0.05) are 0.655 and 0.597 and the level of significance of regression 

coefficients of urban, forest and water body are less than 5%. Therefore, this model 

could be forwarded for further process.  For the case of pH model (F=8.897, p<0.05), 

R
2
 and Adjusted R

2
 values are 0.319 and 0.293 and the level of significance of 

regression coefficient is less than 5%. This model also could be forwarded for further 

process. For the case of EC model (F= 5.597, p< 0.05), the adjusted R
2
 is quite low (< 

0.2), so it is not forwarded for further process. For the case of DO model (F= 15.208, 

p< 0.05), R
2
 and Adjusted R

2
 values are 0.530 and 0.495 and the level of significance 

of regression coefficients of agriculture and forest  are also less than 5% level. So, this 

model is also forwarded for further process. For the case of BOD (F= 17.172, p< 

0.05), the values of R
2
 and Adjusted R

2
 are 0.560 and 0.527 and the level of 

significance of regression coefficients of agriculture and forest are also less than 5%. 

So, this model is also forwarded for further process. For the case SS model (F=3.984, 

p<0.05), the values of R
2
 and Adjusted R

2
 are 0.568 and 0.428 and only the level of 

significance of regression coefficient of agriculture is also less than 5% level, this 

model is also forwarded for further process. For the case of DS model (F= 21.477, 

p<0.05), the values of R
2
 and Adjusted R

2
 are 0.563 and 0.537 and the level of 

significance of  regression coefficients of forest, urban and water body are also less 

than 5% level. Therefore, this model is also forwarded for further process. For the 

case of FCB (F=7.876, p<0.05), R
2
 and Adjusted R

2
 values are 0.507 and 0.444, even 

only level of significance of regression coefficient of agriculture is less than 5%, this 

model is also forwarded for further process.  
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In this study, for the case of TEMP and DS, urban, forest and 

water body were used as predictors (Table 14). To predict pH, agricultural land use 

was used as predictor. For predicting DO, agricultural and forest land uses were used 

as predictors whereas for predicting BOD, agricultural and urban land uses were used 

as predictors. For SS, forest, agriculture and water body were used as predictor. For 

FCB, agriculture, urban and water body were used as predictors. In this study, 

agricultural land use appeared to have the greatest positive impact on water quality, 

since it showed the significant negative correlation with TEMP, BOD and SS and 

positive correlation with DO and it was used as a dominant predictor among land uses 

for pH, DO, BOD, SS, and FCB. Besides agricultural land use, urban land use was 

used as predictor of TEMP, BOD, DS, and FCB. Forest land use was used as 

predictor of TEMP, DO, SS, and DS. Water body was used as predictor of TEMP, DS, 

and FCB. The study demonstrated that no single land use type was able to describe 

the overall water quality, but most water quality variables could be sufficiently 

predicted using two or more than two types of land use (Table 14). From regression 

analysis, TEMP and DS showed sensitivity on changing urban, forest and water body 

whereas pH was only sensitive on changing agriculture land use. DO showed 

sensitivity on changing agriculture and forest land use and BOD was sensitive on 

changing agriculture and urban land uses. SS showed sensitivity on changing forest, 

agriculture and urban land use and DS showed sensitivity on changing agriculture, 

urban and water body.  
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Evaluation of regression equations 

For the evaluation of regression equations, the regression equations of 

TEMP, pH, DO, BOD, SS, DS and FCB were selected. Generally regression 

equations (or models) are evaluated or validated by cross sectional method or 

longitudinal method. In this study, the longitudinal cross validation approach was 

implemented. To run the model, the set of data of 9 years (2000 to 2008) were used 

and to test the model, data set of 2009 were used. The graphical features of actual data 

(average value of 10 watersheds of year 2009) and predicted data are presented as: 

 

 
 

Figure 45(a). Actual and predicted values of TEMP of 10 watersheds for the year 

2009 

 

 
 

Figure 45(b).  Actual and predicted values of pH of 10 watersheds for the year 2009 
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Figure 45(c).  Actual and predicted values of DO of 10 watersheds for the year 2009 

 

 
 

Figure 45(d). Actual and predicted values of BOD of 10 watersheds for the year 2009 

 

 
 

Figure 45(e).  Actual and predicted values of SS of 10 watersheds for the year 2009 
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Figure 45(f).  Actual and predicted values of DS of 10 watersheds for the year 2009 

 

 
 

Figure 45(g) Actual and predicted values of FCB of 10 watersheds for the year 2009 
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whether to accept or to reject. Therefore, only analyzing the strength of models by 

comparing actual and predicted values from graphical ways is subjective judgment. It 

is better to use objective (or empirical) judgment to evaluate the regression models. 

For this case, average percentage of deviation (APD) method was used. In general, the 

lower value of APD gives the higher predictive strength whereas the larger value of 

APD gives the lower predictive strength of models. In this study, predictive strength 

of regression models is presented in Table 15 by using APD approach.  

To test the regression equations developed from the first 9 years of 

data collection (2000-2008), the equations were applied to the tenth year of data 

collection (2009) to calculate estimated water quality and errors associated with these 

values calculating average percentage of deviation (APD). Comparatively, the APD 

values of TEMP, pH, DO and BOD were very low (1.14, 2.23, 1.94 and 9.2) or less 

than 10.0% whereas the APD of SS, DS and FCB were comparatively higher 

(APD>10.0%). Even though R
2
 value of SS, DS, FCB are 0.56, 0.56 and 0.50 

respectively the predictive models of SS, DS and FCB did not give satisfactory result 

by applying APD test.   

Final regression models 

After evaluating models by APD approach, following regression models were 

finally selected for predicating water quality on the basis of land use. Due to nature of 

regression analysis, these models can be only used for full basin as well as sub-basin 

of URB.  

 

TEMP = 26.517 + 0.145 URB + 0.078 FOR + 0.055 WTB …………………………….(i) 

pH = 4.459 + 0.025 AGR ……………………………………………………………….(ii) 

DO= -2.337+ 0.072 AGR + 0.047 FOR …………………………………………………(iii) 

BOD= 5.535- 0.024 AGR + 0.117 URB …………………………………………………(iv) 
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Table 15 

Comparison of predicted and actual values of water quality parameters of 10 watersheds in the year 2009 

 

Water

shed 

TEMP pH DO BOD SS DS FCB 

 Pre Act Res Pre Act Res Pre Act Res Pre Act Res Pre Act Res Pre Act Res Pre Act Res 

I 29.54 29.87 -0.33 6.12 6.34 -0.22 3.00 3.13 -0.13 5.16 4.7 0.46 33.21 28.16 5.05 195.04 157.97 37.07 23519 6437 17082 

II 30.51 29.91 0.6 6.11 6.57 -0.46 2.6 4.0 -1.4 6.57 6.37 0.2 95.43 52.09 43.34 195.04 147.88 47.16 888 4093 -3205 

III 30.12 29.80 0.32 5.96 6.20 -0.24 3.1 4.1 -1.0 5.22 4.7 0.52 27.01 58.88 -31.87 197.14 185.51 11.63 60619 62480 -1861 

IV 28.09 27.93 0.16 6.36 7.90 -1.54 3.30 4.5 -1.2 3.9 3.5 0.4 3.07 27.34 -24.27 153.25 70.5 82.75 10343 7980 2363 

V 28.78 28.10 0.68 6.33 6.26 0.07 3.51 4.06 -0.55 4.5 3.4 1.1 56.04 58.8 -2.76 149.08 76.5 72.58 9911 26056 -16145 

VI 28.08 27.30 0.78 6.54 6.50 0.04 4.06 4.6 -0.54 4.1 3.8 0.3 89.47 78.5 10.97 97.06 102.67 -5.61 679 16508 -15829 

VII 28.49 27.00 1.49 6.37 6.50 -0.13 4.02 4.4 -0.38 4.02 3.4 0.82 61.33 65.34 -4.01 134.28 127.51 6.77 33833 42495 -8662 

VIII 27.36 27.50 -0.14 6.65 6.30 0.35 4.27 3.8 0.47 3.44 3.4 0.04 73.79 45.9 27.89 76.99 56.6 20.39 10851 22401 -11550 

IX 27.45 26.87 0.58 6.76 6.59 0.17 4.31 3.97 0.34 3.97 3.3 0.67 125.41 96.6 28.81 45.06 110.87 -65.81 30745 27076 3669 

X 28.95 27.63 1.32 6.17 6.16 0.01 3.74 3.0 0.74 4.02 3.8 0.2 20.36 32.0 -11.64 181.92 168.34 13.58 57870 23050 34820 

Avg    

SD 

28.73   

1.06 

28.08

1.30 

0.64   

0.77 

6.33      

0.25 

6.53   

0.50 

-0.19 

0.52 

3.59  

0.58 

3.95 

0.53 

-0.36 

0.72 

4.49   

0.92 

3.54      

1.19 

.94 

0.55 

58.51     

38.30 

54.36

22.41 

4.15  

24.09 

142.49

53.89 

120.44

44.28 

22.05 

42.15 

23926 

21772 

23858

17817 

68     

15834 

APD=1/n√(Res/Act)2 *100 1.14   2.23   1.94   9.2   15.56   17.14   34.14 

Note: Pre: Predicted, Act: Actual, and Res: Residual



135 
 

Discussion  

Over the last ten years, a combination of different factors affected the 

water quality of U-tapao river and turned it into a moderately polluted river. Among 

the factors that polluted the river, the most important ones are: rapid, unplanned urban 

and industrial expansions; domestic and industrial waste discharge into the river and 

other non-point sources such as run-off from streets and highways. Generally, 

pollutants that enter surface waters from a pipe or other man-made conveyance are 

classified as PS pollutants (e.g. industrial or water treatment plant discharge). In 

contrast, non-point sources (NPS) pollution enters the water system through diffuse 

sources including percolation through land and soil cover and through storm runoff. 

Controlling point sources of pollution is relatively easy, and many of the early water 

pollution programs focused on reducing the pollution load from point sources. In the 

case of non-point source pollution, awareness program on environmental issues, 

public participatory approach, and promotion of appropriate management practices 

and modification of land use are among the methods that reduce the non-point source 

pollution.  

Analyzing the water quality data from various monitoring stations, U-

tapao river could be categorized as the moderately polluted river. The reason being 

that the average water temperature of river was around 28.72 
0
C and standard 

deviation was just 1.73 
0
C and the range was between is 25 

0
C to 35 

0
C which 

indicates the water temperature does not fluctuate too much. In the case of pH, 

average value was 6.82 and SD was 0.19. Even though average value of pH showed 

slightly acidic character, it was within the range of 6.0 to 8.0 which is within 

acceptable limit for natural river or lake. The mean and SD of DO were 4.16 mg/L 
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and 1.49 mg/L respectively and the mean and SD of BOD were 3.37 mg/L and 2.39 

mg/L respectively. In this study, data of BOD and DO showed the consistency 

performance. In the case of DO, most of data are within the range between 2 mg/L to 

6 mg/L and similarly for BOD, most of the data were also within the range between 2 

mg/L to 6 mg/L. This range of BOD and DO indicated slightly polluted river system. 

The mean and SD of TCB of river were 41,274 mpn/100ml and 241,270 mpn/100ml 

respectively. The mean and SD of FCB of river were 17,251 mpn/100ml and 49,254 

mpn/100ml respectively. In the river system, the amount of these fecal coliform 

bacteria was quite high, so without treatment it is not possible to use for domestic 

purpose. Comparing the average values of water quality parameters with Thailand 

surface water quality framework, the river system can be categorized as slightly 

polluted river. Therefore, the water quality standard of U-tapao river is not yet out of 

control. Therefore, by effective water quality management, the water quality of U-

tapao river could be improved.  

Analyzing the seasonal pattern of several water quality parameters, 

only limited water quality parameters (TEMP, pH, TUR, NH3 and FCB) showed 

significant seasonal variation. It indicates that natural process of declining of water 

quality could not be linked in U-tapao case (Singh et al., 2004; Pejman et al., 2009). 

Analyzing the trend pattern of water quality parameters of river from the year 2001 to 

2011, the water quality status has been slightly decreasing with change in time. In this 

study TEMP, BOD, TUR and NH3 showed the rising trend lines whereas pH and EC 

showed declining trend lines. These results indicated that river water quality has been 

deteriorating due to anthropogenic activities and necessary steps should be taken to 

stop further deterioration.  
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Analyzing the spatial and annual variations of water quality parameters 

of river, TEMP and DO showed significant variation on spatial level (p< 0.05) where 

as pH, BOD, EC, TUR and NH3 showed only significant variation on annual level (p 

< 0.05). Such variations could be attributed to the increased input of industrial 

effluents from the local industries sited along the bank of the river, leached domestic 

wastes from the several waste dumps, erosion and surface run-offs and other human 

activities along downstream of the river ( Najafpour et al., 2008; Adamu & Nabegu, 

2011). In the case of seasonal variation, only TEMP, pH, TUR, FCB and NH3 showed 

significant variation (p<0.05). Generally, seasonal variation happens due to natural 

process whereas annual spatial variation happens due to anthropogenic activities 

(Shrestha and Kazama, 2007). Including all types of variations, TEMP was the most 

sensitive parameter for variation analysis. So, this type of understanding of variations 

of water quality parameters helps to select appropriate parameters for effective 

evaluation and monitoring system of river. In the case of variations analysis of water 

quality parameters, previous studies included only spatial and seasonal variations for 

analysis of water quality parameters (Ojutiku & Kolo, 2011). Excluding annual 

variation might give misleading information about variation of water quality 

parameters. Comparing the annual and spatial variation, most of the parameters 

showed variation on annual level rather than on spatial level. In this study, the values 

of TEMP, BOD, EC, TUR and NH3 of downstream region were quite higher than that 

of upstream region, and the values of DO of downstream region were quite lower than 

that of upstream region (Figure 5.16, 5.18, 5.19, 5.20, 5.21, 5.23). The changing land 

use pattern on upstream region and urbanization effect of downstream region are the 

main causes of increasing pollutant values in downstream region. Therefore, it is 
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necessary to adjust effective land use policy of the basin to improve water quality of 

the river (Ferrier et al., 1995).  

For effective land use planning, the basic information of land use and 

changing patterns of land use are very important, because land uses are recognized as 

a result of interactions between biophysical and socio-economic aspects of human 

activities (Saroinsong et al., 2007; Lambin et al., 2000). It has been regarded as one of 

the most important driving forces in global environmental changes, and is essential in 

the debate of sustainable development (Lambin et al., 2000; Lesper et al., 2005). 

Therefore, land use is intensively used as a proxy to evaluate the effects of human 

activities.In the case of U-tapao river basin, no studies have ever been done by 

changing land use pattern of the basin. Analyzing the land use structure of the basin 

from year 2000 to 2009, agriculture is the dominating land use of the overall of the 

basin and it covered area about 1847.68 km
2
 (80.16%) in year 2000 but it was 

decreased to 1696.71 km
2
(73.61%) in year 2009. In agriculture sector, rubber is the 

most dominating land use but it also decreased significantly from year 2000 to 2009. 

Surprisingly, other land uses like forest, urban and water body have been increasing in 

significant manner from year 2000 to 2009. From land use management aspect, there 

is no problem of deforestation in U-tapao river basin but conversion of agricultural 

land to urban land is a major issue of sustainable development of river basin. In the 

conclusion, in the basin, agriculture, especially rubber plantation, is the main 

economic activity of the basin. But nowadays, it has been decreasing and this pattern 

might create obstacle on economic development of the basin in the future. In the last 

decade, urban area of the basin has grown in a significant manner. The basic objective 

of urban development is to promote urban activities and play supportive role in 
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economic development. During the last decade, the transportation network has 

increased rapidly and supported housing development and expansion of settlements in 

the basin. There was significant negative correlation between agriculture and urban 

land which indicates the urbanization process of the basin.  

Many studies demonstrated that surface water quality has degraded 

noticeably in many parts of the world due to poor land use practice and there is 

significant  relationship exist between water quality parameters and land use types 

(Li.et al., 2009, Zampella et al., 2007, Tu, 2011; Azyana & Norulaini, 2012; Sliva & 

Williams, 2001; Basnyat et al., 1999). In the case of study U-tapao river, the water 

quality of river has been affecting from point sources as well as nonpoint sources 

pollution and it is believed that one of the main causes of nonpoint sources of land use 

structure and their changes in the basin level. For instance, TEMP had significant 

negative correlation with agriculture and positive correlation with urban, forest, and 

water body. Surprisingly, agricultural land use negatively correlated with TEMP 

while forest and urban body were positively correlated with TEMP. BOD had 

significant negative correlation with agriculture and positive correlation with urban 

and water body. DO had significant positive correlation with agriculture and negative 

correlation urban and water body. These results suggest that local urban land cover 

and vegetation extent could be the primary driving forces behind the variations in DO 

and TEMP. Similarly, DS had significant negative correlation with agriculture and 

positive correlation with forest, urban and water body. SS had significant negative 

correlation with agriculture and positive correlation with urban land use. Since surface 

water contamination is highly dependent on storm water runoff, it is not surprising 

that contaminants located in urban land use are more likely to reach water bodies. It 
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was observed during field surveys that the urban sites in this study had very little or 

no vegetated riparian zone, therefore increasing the probability that concentrations of 

these contaminants increased after storm events. Runoff from agricultural land and 

effluents from urban and industrial areas are major sources of fine sediment in river 

systems (Rothwell, 2010). The results indicate that mean concentrations of solid 

particles are most strongly linked to urban cover, suggesting that anthropogenic 

sources are the major contributor to fine sediment delivery in the basin (Rothwell, 

2010).  

Analyzing non-point source pollution, agricultural and urban lands 

were usually related to be the causes of poor water quality. In contrast, in U-tapao 

river basin, the agricultural land did not show any positive relationship with increment 

of pollutants and it is used as protector of water quality of river. For example, 

agricultural land use showed negative correlation with TEMP, BOD and DS and 

positive correlation with DO but urban land showed the opposite result, positive 

correlation with TEMP, BOD, and DS and negative correlation with DO. This 

suggests that urbanization is a major factor that has led to the decrease of agriculture 

as well as deteriorating water quality of river. It is clearly explained that the main 

culprit of deteriorating water quality is changing pattern of agricultural land to urban 

land which has the potential to generate large amount of non point source pollution 

from storm water discharge (Basnyat et al., 1999). The dominating land use of the 

basin is agricultural based rubber, and farmers do not use excess amount of nutrients 

and fertilizers like traditional agricultural practices, and these lands are not open for 

surface runoff. This might be the reason that agriculture does not act as the source of 

pollution in the river. In the basin, agricultural land was decreasing whereas urban 
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land was increasing; therefore, agricultural land was not associated with deteriorating 

water quality in this area. Urban areas are primarily located along the river networks 

in the U-tapao River basin, and their impacts on the water quality in streams were 

expected. This result also suggests that urban sprawl related to the increasing 

residential, commercial, and industrial lands, and population density in suburbs was 

an important cause of water quality degradation in the study area. It is clear that this 

relationship may have been highly influenced by the pollution from point sources as 

well as non-point sources, which are commonly associated with urbanized areas. 

Another factor that also appeared important in this study is to determine the water 

quality changes to the extent of forest coverage. In general, undisturbed forest land 

has little impact on water quality. In this study, forest land had positive correlation 

with TEMP and DS and negative correlation with NO2. Most of forest land in the 

basin is far from the river and there is no forest land lies in riparian zone. Overall 

increment of forest land was just 0.23% which acted like passive land use for water 

quality variation.  

It is therefore conceivable that there is a strong relationship between 

land-use types and the quality of water, and changing land use is therefore regarded as 

one of the main factors in altering water quality (Tong & Chen, 2002). The results 

showed that, unequivocally, land use was related to many water quality parameters. 

Due to the relationship between pollution loading and composition of the land uses in 

the river basin, there is always potential for improving water quality with proper land 

use management practices, if the role of different land use combinations within a 

contributing area is known (Basnyat et al., 1999). To address these problems, the 

predictive water quality models based on land use patterns can be implemented in 



142 
 

watershed or basin level. In the study, by implementing stepwise multiple linear 

regressions, it was found that no single land use type was sufficient to describe the 

overall water quality, but most water quality variables could be sufficiently predicted 

using two or more than two types of land use. In this study; urban, forest and water 

body were used as predictors for TEMP, agriculture was used as predictor for pH, 

agriculture and forest were used as predictors for DO and agricultural and urban land 

were used as predictors for BOD. All of the simulated values were very close to the 

actual monitored values. It seems likely that with little calibration and validation, the 

models can be used to other watersheds or basins (Tong & Chen, 2002).  
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CHAPTER 6 

RESEARCH METHODOLOGY - II 

Land suitability  

This chapter mainly focuses on the study of land use planning on the 

basis of land suitability principle in U-tapao river basin. Despite the fact that land 

suitability analysis is crucial part for decision makers, conflict between different 

stakeholders makes it complex. Although land suitability assessment has become a 

standard practice in land use planning, due to the difficulties encountered with the 

analysis of large amounts of spatial information, decision makers are often unable to 

allocate the most suitable areas to allocate limited land resources. The objective of 

this part is to present a GIS-based systematic approach incorporating multi-criteria 

mechanism for land suitability analysis. This study incorporated the use of multi-

criteria mechanism with analytical hierarchical process in a Geographic Information 

Systems (GIS) for the evaluation of the suitability of areas for three possible land-

uses: Forest, Agriculture, and Urban (Son & Shrestha, 2008). 

 

Software used  

Following software were used for analyzing the variables used in this 

study: 

1) MS word was used to make adjust information and process of land 

use suitability analysis.  

2) MS Excel 2007 was used to create the attribute databases and import 

or export to GIS environment for next implementation, for multi-criteria analysis, 
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(weighting, rating) based on Analytical Hierarchy Process as theory put forward by 

Saaty (1980).  

3) Arc GIS 9.0 was used to make analysis of all the GIS work in the 

thematic layers of the study area map.  

4) ERDAS was used just to make visualization of satellite images. 

Such images were used to check real time land use changes in the study area and 

make necessary amendments on the thematic layers.  

 

Geographic Information Systems (GIS) application 

In land use suitability analysis, Geographic Information Systems (GIS) 

is very commonly used software. In this study, ArcGIS from ESRI were used as a tool 

for the GIS analysis with integrating Multi Criteria Decision Making (MCDM) 

approach. Basically, the map overlay approach; one of analytical tools of GIS has 

been used in suitability analysis in the form of weighted linear combination (WLC). 

The primary of reason of this approach is that it is easy to implement within the GIS 

environment using map algebra operations. Most GIS systems are database oriented. 

GIS-based MCDA can be thought of as a process that combines and transforms 

spatial and non-spatial data (input) into a resultant decision (output) (Ceballos & 

Lopez, 2003). The MCDM procedures (or decision rules) define the relationship 

between the input maps and the output map. The procedures involve the utilization of 

geographical data, the decision maker‘s preferences and the manipulation of the data 

and preferences according to specified decision rules. Accordingly, two 

considerations are critical importance for spatial MCDA: (i) the GIS capabilities of 

data acquisition, storage, retrieval, manipulation and analysis, and (ii) the MCDM 
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capabilities for combining the geographical data and the decision maker‘s preferences 

and non-spatial attributive data into one-Dimensional values of alternative decisions 

(Jankowski et al., 2000; Malcewski, 2006)  

 

Data sources and collection  

The success of any GIS based land use suitability depends on the 

quality of the geographic data used (Lo & Yeung, 2002). Collecting high quality data 

for input for GIS, therefore, marks a critical stage. Data collection is one of the most 

important parts of GIS-base analysis and GIS can contain a wide variety of data from 

various sources. To achieve the above objectives of this study, both primary and 

secondary data were used.  

Secondary Data 

Soil: Soil data like depth, drainage, texture, nutrient, and pH 

were collected and managed through the soil series map of Songkhla Province 

provided by Land Development Department, Southern Thailand (1:50,000).  

Climate: Rainfall and temperature are the major climatic factors 

influencing the land use suitability. Climate data like rainfall, temperature, humidity 

and wind speed were collected and managed through the data provided by 

Metrological Centre, Hatyai, Thailand. 

Topography: Topography features like slope and elevation 

were generated through digital elevation modeling (DEM) on 25m resolution process 

by using the DEM map provided by GEO-IRCNRE.  
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Land use: Land use information like the area of agriculture, 

forest, urban, water body etc. were derived from GIS environment by using the land 

use map provided by Land Development Department, Thailand and GEO-IRCNRE.  

Socio-economic: The socio-economic data like demographic, 

political features, economic status etc were retrieved from the reports of GEO-

IRCNRE.  

Primary Data 

Primary data were accomplished by in-depth interview with 

experts which are one of the important social research methodologies. It was used to 

identify problem in the study area and to set up priority of the requirement. Formal 

and informal interviews, group discussions were also conducted to gather information. 

Seminars and meetings conducted with experts, officials, and policy makers were also 

used to make assessment.  

Thematic maps 

Thematic maps are the basis of the suitability analysis. The 

maps in the present study include land use maps, soil maps, climate maps, DEM maps 

and map of administrative boundaries. Those thematic maps were created and edited, 

overlaid and visualized by GIS software.  
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Figure 46. Research Methodology-II Framework 
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pattern. The integration of multi-criteria methods and GIS allows overcoming this 

limitation and provides a tool with great potential for obtaining land suitability maps 

or selecting sites for a particular activity. GIS is also very powerful tool for collecting, 

storing, retrieving, transforming, displaying spatial data from the real world for a 

particular set of purposes (Ceballos & Lopez, 2003; Boonyanuphap et al, 2004).  

 

Land suitability analysis 

Land suitability analysis is an evaluation/decision of a problem 

involving several factors. The parameters considered for land suitability analysis are: 

topography, climate, soil, livelihood and distance. Each criteria map displays land 

suitability measured on the ordinal scale, that is, parcels of land were assigned values 

of high, moderate or low suitability depending on land attributes. The criteria maps 

were the input data to the GIS based decision procedure. Given these maps, the next 

step was to combine the maps so that one can identify the suitable areas for land uses. 

There were three crucial steps to produce land suitability map for each chosen land 

use; (1) finding suitable factors to be used in the analysis, (2) assigning factor weight 

and class weight (rating) to the parameters involved, and (3) formulating land 

suitability map for each interested land (Ceballos & Lopez, 2003; Boonyanuphap et al, 

2004). 

Selection of Evaluation Criteria 

There are large numbers of criteria for land use suitability, but 

only those relevant to land use alternatives under consideration need be determined. 

Identification of criteria is a technical activity, which is based on theory, empirical 

research or common sense. Evaluation criteria, objectives and attributes, should be 
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identified with respect to the problem situation. A set of criteria selected should 

adequately represent the decision making environment and must contribute towards 

the final goal and criteria should be measurable on the basis of land quality. After the 

determination of the problem, the set of evaluation criteria which includes attributes 

and objectives should be designed. This stage involves specifying a comprehensive 

set of objectives that reflects all concerns relevant to the decision problem and 

measures for achieving those objectives which are defined as attributes because the 

evaluation criteria are related to geographical entities and the relationships between 

them, can be represented in the form of maps which are referred as attributes maps 

(Paiboonsak et al., 2004). In this study, identification of criteria for agriculture 

(rubber) was done through literature review of FAO guidelines (Ranst et al., 1996). 

FAO (1976) has given a framework for land suitability analysis for crops in terms of 

suitability classes from highly suitable to not suitable based on the crop specific, soil, 

climate and topographic data. Besides this, opinions from rubber experts from 

different fields were also incorporated for criteria selection. Identification of criteria 

for forest and urban land uses were done through in-depth survey of literature of 

related field as well as experts‘ opinion from forestry and urban sectors (Jian et al., 

2008; Park et al., 2011; Rashim et al., 2011).   
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Table 16 

Criteria and sub-criteria of land suitability of agriculture, forest and urban 

 

Main 

criteria 

Sub criteria Agriculture Forest Urban 

Bio-

physical 

Topography Slope Slope Slope 

Elevation Elevation Elevation 

Climate Rainfall Rainfall Rainfall 

Temperature Temperature Temperature 

Soil Texture Texture Texture 

Drainage Drainage Drainage 

Depth Depth Depth 

Nutrient Nutrient  

pH pH  

Socio-

economic 

Livelihood Population 

density 

Population 

density 

Population 

density 

Available land 

use 

Available land 

use 

Available land 

use 

Distance Distance from 

road 

Distance from 

road 

Distance from 

road 

Distance from 

factory 

  

 Distance from 

river 

Distance from 

river 

 

After identification of suitable criteria for agriculture, forest and urban 

land use, they were divided into two main categories: bio-physical and socio-

economic sections. Bio-physical factor (category) was further sub-divided into three 

sections: climate (rainfall & temperature), topography (slope & elevation) and soil 

(drainage, pH, depth, texture and nutrient). Socio-economic factor is also sub-divided 

into two sections: livelihood (land use & population density) and distance (river, road 

and factory).  
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Hierarchical Organization of the Criteria  

The relationship between objectives and attributes can be demonstrated in a 

hierarchical structure. At the highest level, one can distinguish the objectives and at 

the lower levels, the attributes can be decomposed. Figure 47 below shows the 

hierarchical organization of the criteria used in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 47. Hierarchical structure of land use suitability analysis 
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Factor/Criteria Rating  

Land suitability analysis for land needs the consideration of different 

socio-economic and environmental factors/criteria (Ceballos-Silva & Lopez Blanco, 

2003). In this study, land suitability analysis criteria were mainly related topography, 

climate, soil, livelihood and distance. Soil data were assessed in terms of its depth, 

drainage, texture, nutrient and pH. Rainfall and temperature were taken as climate 

factors. These are the most important requirements needed for all lands. Factor ratings 

were sets of values which indicate how well each factor/criterion is satisfied by 

particular conditions of the corresponding land quality. Factor ratings are usually 

made in terms of five classes: highly suitable, moderate suitable, marginally suitable, 

and currently not suitable and permanently not suitable (FAO, 1985; 1993). But in 

this study, only four criteria: highly suitable, moderately suitable, less suitable and not 

suitable were mentioned. On establishing the criteria rating (Table 17, 18, 19), 

references were made to: guidelines of FAO, research publications, and relevant 

literature. In addition experts from different disciplines like soil scientists, 

agriculturists, forest officers and land use planners from different disciplines were 

consulted in arriving at a factor rating of given land use type that can be used in the 

matching process. After criteria rating, criteria standardization is also an important 

part for land use suitability analysis. Generally, criteria standardization is done on 0 to 

1 scale, but in this study 1 to 4 scale was used. So, all the factors used for this study 

were classified into four classes (S1, S2, S3 and N) with the range of values 4 to 1, 

where the value of 4 denotes the most suitable and 1 denotes the least suitable for all 

factors considered. Following table indicates factors and rating of agriculture (rubber), 

forest and urban land use. 
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Table 17 

Factors and rating of land use suitability of rubber (agriculture) 

Factor Land use requirement Factor rating 

 Land 

quality 

Factor Unit S1 (4) S2 (3) S3 (2) N (1) 

Bio-

physical 

Climate Temperature 
0
C 26-28 29-34,     

23-25 

20-22 >34,  

<20 

  Rainfall mm 1500-2000 2500-4500 

1200-1500 

4500-

5000 

1100-

1200 

>5000 

<1100 

 Topography Slope Degree 0-12  12-20 20-35 >35 

  Elevation m 0-200 200-400 400-600 >600 

 Soil  pH  pH 5.1-7.3 7.4-8.0 

 4.0-5.0 

3.5-3.9 >8.0 

<3.5 

  Drainage class Well drained/ 

Excessively 

drained 

Moderately 

well 

drained 

Somewhat 

poorly 

drained 

Poorly 

drained 

Very 

poorly 

drained 

  Depth  cm >150 50-150 30-50 <30 

  Nutrient  class Very high/ 

high/Moderate 

Low - - 

  Texture type sic, sicl, l, scl, 

sil, si, cl 

sl ls c, g, sc, s 

Socio- 

economic 

Distance Main road km <1 1-5 5-10 >10 

  Rubber 

factory 

km <10 10-15 15-20 >20 

 Livelihood Population 

density 

n/km
2
 <100 100-300 300-500 >500 

  land use type Agriculture Grass, 

shrub 

Forest Urban, 

water 

body 

Source: FAO (1983); Surajit et al. (2010); Mongkolswat et al. (2010); Ransat et a. 

(1996); Kanalaya et al. (2009); Baniya (2008) 
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Table 18 

Factors and rating of land use suitability of forest  

 

Factor Land use requirement  Factor rating 

 Land quality Factor Unit S1 (4) S2 (3) S3 (2) N (1) 

Bio-

physical 

Climate Temperature 
0
C 24-28 28-30 30-32 >32,<24 

  Rainfall mm >2000 1500-2000 1000-

1500 

<1000 

 Topography Slope Degree 0-12  12-20 20-35 >35 

  Elevation m <400 400-600 600-1000 >1000 

 Soil  pH value pH 5-6 6-7, 4-5 7-8, 3-4 <3, >8 

  Drainage class Well 

drained/ 

Excessively 

drained 

Moderately 

well 

drained 

Somewhat 

poorly 

drained 

Poorly or 

very 

poorly 

drained 

  Depth  cm >150 100-150 50-100 <50 

  Nutrient  class Very high/ 

high 

Moderate/ 

Low 

- - 

  Texture type l, scl, sl ls, sil, sc, 

cl, sicl 

si , sic, sc, c, g, ac, s 

Socio- 

economic 

Distance Main road km >5 4-5 3-4 <3 

  River m <500 500-1000 1000-

2000 

>2000 

 Livelihood Population 

density 

n/km2 <100 100-300 300-500 >500 

  land use type Forest Grass, 

shrub 

Agriculture Urban, 

water 

body 

 

Source: Nguyen Van Loi (2008); Sasan et al. (2009); Orhan et al. (2010) 
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Table 19 

Factors and rating of land use suitability of urban 

 

Factor Land use requirement Factor rating 

Land quality Factor Unit S1 S2 S3 N 

Bio-

physical 

Climate Temperature 
0
C 20-25 15-20, 25-30 10-15, 30-

35 

<10, 

>35 

  Rainfall mm 500-1000 1000-1500 1500-2000 <500 

>2000 

 Topography Slope Degree <12 12-20 20-35 >35 

  Elevation m 0-200 200-400 400-600 >600 

 Soil Drainage class Well 

drained / 

Excessively 

drained 

Moderately 

well drained 

Somewhat 

poorly 

drained 

Poorly 

or very 

poorly 

drained 

  Depth  cm >150 100-150 50-100 <50 

  Texture type sandy loamy clayey rocky, 

stone 

Socio- 

economic 

Distance Main road km <1 1-5 5-10 >10 

  River m >2000 1000-2000 500-1000 <500 

 Livelihood Population 

density 

n/km
2
 >500 300-500 100-300 <100 

  Land use type Urban Grass& 

shrub 

Agriculture Forest, 

Water 

body 

 

Source: Yao Mu (2006); Kai et al. (2011); Park et al. (2011); Dai et al. (2001); Tudes 

(2011) 
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Assigning Criterion Weights 

In order to produce land suitability map, actual factor weight and class 

rating for parameters involved in the study are needed. These were determined 

systematically based on the Analytic Hierarchical Process (AHP) which is one of the 

most well-known and widely-used MCDM methods (Bennai al., 2007). AHP was 

developed by Saaty (1980) and it has become a widely used multi-criteria evaluation 

method later on.  

AHP assists the decision-makers in simplifying the decision problems 

by creating a hierarchy of decision criteria with different number of factors taken into 

account in each step. The method is usually implemented using the pair-wise 

comparison technique that simplifies preference ratings among decision criteria. In 

most studies, expert opinions were used to calculate the relative importance of the 

involved factors (or criteria). In this study also, opinion from 30 experts from 

different fields (agriculture, forest and urban) were used for pair wise comparison 

technique for AHP.  

On this process, the first step of the analysis was to create 

questionnaires where experts were asked to determine the relative importance of each 

given factor when compared other. Results of the comparison (for each factor pair) 

were described in terms of integer values from 1 to 9 where higher number means the 

chosen factor is considered more important in greater degree than other factor being 

compared with (Table 20). The purpose of weighing in land suitability analysis for 

land use is to express the importance or preference of each factor relative to other 

factor effects. So, the weights of factors and variables were determined depending on 

the importance of each factor and variable. The greater the weight, the larger the value 
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and the more important the decision factor and variable would be. In the procedure for 

MCE, it is necessary that the weights sum to 1. By using the pairwise comparison 

technique, it helps to develop a set of factor weights that will sum to 1.0. However, to 

ensure the credibility of the output weights, the consistency ratio index (CR) for each 

land was also calculated. Saaty (1980) suggested that if CR is smaller than 0.10 then 

degree of consistency is fairly acceptable. But if it is larger than 0.10 then there are 

inconsistencies in the evaluation process, and AHP method may not yield meaningful 

results.  

 

Table 20 

Preference scale for pairwise comparison in AHP technique  

Scale Degree of 

preference 

Explanation 

1 Equally Two activities contribute equally to the objective 

3 Moderately Experience and judgment slightly to moderately 

favor one activity over another 

5 Strongly Experience and judgment strongly or essentially 

favor one activity over another 

7 Very strongly An activity is strongly favored over another and 

its dominance is showed in practice 

9 Extremely The evidence of favoring one activity over 

another is of the highest degree possible of an 

affirmation 

2,4,6,8 Intermediate values Used to represent compromises between the 

preference in weights 1, 3, 5, 7 and 9 

Reciprocals Opposites Used for inverse comparison 

Source: Saaty, 1980 

 

 

By using pairwise comparison technique in AHP, the weight of factor 

(or criteria) of agriculture (rubber), forest and urban were developed. The following 

tables give the detail. 
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Table 21 

Weight of factors for land use suitability analysis of rubber (agriculture) 

Factor 

Level 1 Weight 1 

(w1) 

Level 2 Weight 2 

(w2) 

Level 3 Weight 3 

(w3) 

Total 

(w1*w2*w3) 

Bio-

physical 

0.916 Topography 0.270 Slope 0.750 0.1855 

    Elevation 0.250 0.0618 

  Soil 0.150 Drainage 0.148 0.0203 

    pH 0.168 0.0230 

    Depth 0.287 0.0394 

    Nutrient 0.029 0.0039 

    Texture 0.366 0.0502 

  Climate 0.580 Rainfall 0.580 0.3081 

  Total 1.000 Temperature 0.420 0.2231 

Socio-

economic 

0.084 Livelihood 0.416 Population 

density 

0.416 0.0145 

    Available land 

use 

0.584 0.0204 

  Distance 0.584 Distance from 

road 

0.580 0.0284 

    Distance from 

factory 

0.420 0.0206 

Total 1.000 Total 1.000 Total 1.0000 
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Table 22 

Weight of factors of land use suitability analysis of forest 

Factor 

Level 1 Weight1 

(w1) 

Level 2 Weight2 

(w2) 

Level 3 Weight3 

(w3) 

Total 

(w1*w2*w3) 

Bio-

physical 

0.750 Topography 0.3940 Slope 0.7500 0.2216 

    Elevation 0.2500 0.0739 

  Soil 0.1515 Drainage 0.2815 0.0319 

    pH 0.1067 0.0122 

    Depth 0.2718 0.0309 

    Nutrient 0.0488 0.0055 

    Texture 0.2912 0.0331 

  Climate 0.4545 Rainfall 0.5800 0.1977 

  Total 1.0000 Temperature 0.4200 0.1433 

Socio-

economic 

0.250 Livelihood 0.5834 Population 

density 

0.4160 0.0607 

    Available 

land use 

0.5840 0.0851 

  Distance 0.4166 Distance 

from road 

0.3400 0.0354 

    Distance 

from river 

0.6600 0.0687 

Total 1.000 Total 1.0000    Total 1.0000 
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Table 23 

Weight of factors of land use suitability of urban 

 

Factor 

Level 1 Weight1 

(w1) 

Level 2 Weight2 

(w2) 

Level 3 Weight3 

(w3) 

Total 

(w1*w2*w3) 

Bio-

physical 

0.5833 Topography 0.4545 Slope 0.5833 0.1546 

    Elevation 0.4167 0.1105 

  Soil 0.1213 Drainage 0.4545 0.0322 

    Depth 0.3334 0.0236 

    Texture 0.2121 0.0150 

  Climate 0.4242 Rainfall 0.667 0.1650 

  Total 1.0000 Temperature 0.333 0.0824 

Socio-

economic 

0.4167 Livelihood 0.6670 Population 

density 

0.500 0.1389 

    Available 

land use 

0.500 0.1389 

  Distance 0.3330 Distance 

from road 

0.340 0.0473 

    Distance 

from river 

0.660 0.0916 

Total 1.0000 Total 1.0000 Total 1.0000 

 

 

Land suitability assessment 

After the required factor and class weights were derived (ass seen in 

Tables 21,22,23), land suitability maps could be produced using GIS overlay method 

available in ArcGIS program where spatial data of the used factors were processed 

together as a set of GIS layers (13 layers for rubber, 13 layers for forest and 11 layers 

for urban respectively). The total suitability score for each defined land unit (i.e. each 

raster cell on the map) was simply calculated from the linear combination of known 

suitability score for each factor. These scores were derived by multiplying each class 

weight with all associated factor rating found in each level of the hierarchy (Drobne & 

Lisec, 2009). Therefore, the calculation of total suitability score could be written as  
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   ∑       

 

   

 

Where Si represents the total suitability score (for each land unit), n 

represents the number of factors involved in the analysis (13 for rubber & forest and 

11 for urban). Wi is the multiplication of all associated weights in the hierarchy of ith 

factor and Ri represents the class rating given for specific class of the ith factor found 

on the assessed land unit. The total suitability scores (for each land unit) had values 

ranging between 0 and 4 and they were assembled to create land suitability map for 

each selected land.  

 

Table 24 

Defined score ranges for land suitability classification 

 

Suitability class Suitability score range 

Highly suitable area (S1) 3.00-4.00 

Moderately suitable area (S2) 2.00-3.00 

Less suitable area (S3) 1.00-2.00 

Not suitable area (N) 0.00-1.00 
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CHAPTER 7 

RESULTS AND DISCUSSION –II 

 

Land use suitability 

Pressure on land has continuously increased because of population growth. To 

serve increasing demands of land for different purposes, it is necessary to struggle for 

sustainable land use. Hence, in order to get the optimum benefit from the land, proper 

utilization of its resources is inevitable. Due to this fact, land suitability study for this 

specific area is necessary. In Thailand, as in many developing countries, current land 

use practices is not based on suitability analysis; therefore, there is an urgent need to 

use land in the most rational and possible ways. In the case of U-tapao river basin, the 

most important and urgent need is to identify the suitable land uses for sustainable 

development. In this study multi-criteria decision making (MCDM) integrated with 

GIS was applied to delineate the suitable areas for agriculture, forest and urban for 

environment based land use planning purpose.  

 

 Land use suitability of agriculture 

Suitability analysis of rubber 

Compared with other agriculture activities of basin, rubber is dominating land 

use of U-tapao river basin and it is also an important agricultural activity of the basin. 

Most part of the basin is covered by rubber trees. Therefore, rubber is very important 

part of sustainable development of the basin and suitability analysis of rubber should 

be analyzed for land use planning of the basin. This study is the first study to analyze 

the suitability of the rubber in the U-tapao river basin. Therefore, for agricultural land 

use suitability analysis, only land use suitability of rubber has been analyzed. For 
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suitability analysis, many factors and parameters should be considered but in this 

study, bio-physical and socio-economic factors were considered and these factors 

were also divided into sub-factors as well. On the basis of sub-factors, 13 layered 

maps were generated by using GIS which are explained below. 

 

Bio-physical 

Climate: The climate is an important factor for land use 

suitability analysis of rubber because it affects the growth of rubber. Climatic factor 

has both positive and negative effects on rubber production. In this analysis, only 

mean annual temperature and rainfall were considered as climate factor.  

Temperature: Temperature is an important factor of suitability 

analysis of rubber. From the data obtained from land development department, 

Thailand, the temperatures between 26 
0
C to 28 

0
C are highly suitable for rubber, the 

temperatures between 29 
0
C to 34 

0
C or 23 

0
C to 25 

0
C are moderately suitable for 

rubber, temperatures between 20 
0
C to 22 

0
C are less suitable for rubber and 

temperature below 20 
0
C or above 34 

0
C is not suitable for rubber (FAO, 1983). The 

average temperature of the whole basin is about 28 
0
C, so all the land of the basin is 

highly suitable for the rubber for temperature as climate factor.  

Rainfall: Rain is also an important factor of land use suitability 

analysis of rubber. According to land development department, Thailand, the annual 

rainfall between 1500 mm to 2500 mm is highly suitable for rubber, 2500 mm to 4500 

mm or 1200mm to 1500 mm is moderately suitable for rubber, 4500 mm to 5000 mm 

or 1100 mm to 1200 mm is less suitable for rubber and above 5000 mm or 1100 mm 

is not suitable for rubber. Analyzing the suitability of rubber in the U-tapao river 
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basin, it was found that about 669.15 km
2
 (29.03%) land is highly suitable for rubber, 

1,329.98 km
2 

(57.70%) land is moderately suitable for rubber and only 305.87 km
2
 

(13.27%) land is not suitable for rubber. In the basin, most of the area is highly or 

moderately suitable for rubber and only 13.27% is not suitable for rubber on the basis 

of rainfall.  

Topography: Topography is an important determinant of land 

suitability for rubber. Absolute height is considered because it is deemed to prohibit 

development of rubber production. Land slope is even more important from an ease of 

rubber tree planting and construction and an erosion hazard point of view. Slope is 

also important for soil formation and management because of its influence on runoff, 

soil drainage, and use of machinery.  

Slope: Land development department, Thailand has mentioned 

that the slope angle between 0 to 12 degrees is highly suitable for rubber, the angle 

between 12 to 20 degree is moderately suitable, the angle between 20 to 35 degrees is 

less suitable, and above 35 degrees is not suitable for rubber. In the basin, most of the 

land 2149.64 km
2
 (93.26%) is highly suitable for rubber with respect to slope, 132.08 

km
2
 (5.72%) land is moderately suitable, 6.45 km

2
 (0.28%) land is less suitable for 

rubber and 16.83 km
2
 (0.73%) land is not suitable.  

Elevation: Even though elevation is an important factor for 

land use suitability analysis, most of researches haven‘t mentioned it as a factor, and 

land development department, Thailand also has not mentioned it clearly as a factor. 

For this study, from the experts‘ opinion and available literature baseline values of 

elevation were derived. The altitude between 0-200 m from sea level is highly suitable 

for rubber, 200-400 m is moderately suitable, 400-600 m is less suitable and more 
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than 600 m is not suitable for rubber (Ranst et al., 1996). So, in the basin, the most of 

land area about 1985.06 km
2
 (86.12%) is highly suitable for rubber with respect to 

elevation, 99.58 km
2
 (4.32%) land is moderately suitable, 165.27 km

2
 (7.17%) land is 

less suitable and 55.09 km
2
 (2.39%) land is not suitable for rubber.  

Soil: Soil is an important factor for land use suitability analysis. 

In the context of soil, soil texture provides important information regarding water 

holding capacity, permeability, irrigation requirement etc. pH is also an important 

character for soil analysis and it gives an idea of content of acidic or alkaline amount 

in the soil. Another important factor of soil is soil depth. Soils that are deep well 

drained, with desirable texture and structure are suitable for rubber production.  

    pH:. According to land development department, Thailand, pH 

value between the range 5.1-7.3 is highly suitable for rubber, pH range between 7.4-

8.0 or 4.0-5.0 is moderately suitable, pH range between 3.5-3.9 is less suitable and pH 

range more than 8.0 or less than 3.5 is not suitable for rubber. In the basin, about 

315.78 km
2
 (13.71%) land is highly suitable for rubber with respect to pH value of 

soil, 1407.89 km
2
 (61.08%) land is moderately suitable, 574.88 km

2
 (24.93%) land is 

less suitable and 6.65 km
2
 (0.28%) land is not suitable.  

   Drainage: The drainage is diagnostic factor of oxygen 

availability of land quality. According to land development department, Thailand, the 

drainage is divided into 6 classes. Class 1 is categorized as very poorly drained, class 

2 is categorized as poorly drained, class 3 is categorized as somewhat poorly drained, 

class 4 is categorized as moderately well drained, class 5 is categorized as well 

drained and class 6 is categorized as excessively drained. Regarding the land use 

suitability of rubber, the land with drainage class 5 or 6 is highly suitable, class 4 is 
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moderately suitable, class 3 is less suitable and class 1 or 2 is not suitable. In the basin, 

1241.47 km
2
 (53.87%) land is highly suitable for rubber with respect to land drainage, 

634.79 km
2
 (27.54%) land is moderately suitable, 235.80 km

2
 (10.23%) land is less 

suitable and 192.69 km
2
 (8.36%) land is not suitable. 

Depth: According to land development department, Thailand, 

the soil depth, above 150 cm is highly suitable for rubber, the depth between 50-150 

cm is moderately suitable, 30-50 cm is less suitable and less than 30 cm is not suitable. 

In the basin, 976.63 km
2
 (42.37%) land is highly suitable for rubber in terms of soil 

depth, 821.73 km
2
 (35.65%) land is moderately suitable, 174.03 km

2
 (7.55%) land is 

less suitable and 332.61 km
2
 (14.43%) land is not suitable.  

Nutrient: According land development department, Thailand, 

the land use suitability of rubber in terms of nutrient is divided into only two 

categories, highly suitable and moderately suitable. The land is said to be highly 

suitable if the nutrient level is very high or high level or moderate and moderately 

suitable if the nutrient level is low level. In the basin, 2299.69 km
2
 (99.77%) land is 

moderately suitable for rubber and 5.31km
2
 (0.23%) land is highly suitable.  

Soil texture: According to land development department, 

Thailand, soil textures like sl, vfs, sil, si, sicl, cl are required for rubber. The soil 

textures like sic, sicl, l, scl, sil, si and cl are highly suitable for rubber, soil texture like 

sl is moderately suitable, soil texture like ls is less suitable and soil textures like c, g, 

sc and s are not suitable (Paibbonsak et al., 2004). In the basin, 1420.57 km
2
 (61.63%) 

land is highly suitable, 753.50 km
2
 (32.69%) land is moderately suitable, 14.06 km

2
 

(0.61%) land is less suitable and 116.86 km
2
 (5.07%) land is not suitable for rubber in 

terms of soil texture.  
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Socio-economic: In the land use suitability analysis of 

agriculture, most of the researchers have given high priority on bio-physical aspect 

compared to socio-economic aspect. In general, socio-economic aspect also plays an 

important role in land use suitability analysis. In this study, only two factors of socio-

economic (distance & livelihood) were considered due to constraint of availability of 

data. Actually, distance factor measures the market potentiality of rubber, so the 

distance from main road and rubber factory were considered for marketing aspect of 

rubber. To measure livelihood, availability of land use and population density of the 

locality were considered.  

Distance 

Main road: For socio-economic analysis, the market is 

an important aspect. For rubber production, the market is also important. After 

discussion with experts, it was finalized that nearer to main road is more suitable for 

rubber than farther from main road. In this study, suitability rubber was defined as the 

distance less than 1 km distance from main road is as highly suitable, distance within 

the range 1 to 5 km is moderately suitable, distance between 5 to 10 km is less 

suitable and distance more than 10 km is not suitable. In the study, 555.04 km
2
 

(24.10%) land area is highly suitable for rubber considering the distance of main road 

criteria in marketing aspect, 583.31 km
2
 (25.30%) land area is moderately suitable, 

583.31 km
2
 (25.30%) land area is less suitable and 583.31 km

2 
(25.30%) land area is 

not suitable.  

Factory: The distance from factory is also important for 

economic reason. From discussion with experts in this case, distance less than 10 km 

is considered as highly suitable, between 10 to 15 is considered as moderately suitable, 
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15 to 20 is considered as less suitable and more than 20 km is considered as not 

suitable. In the study, 564.53 km
2 

(24.49%) land area is highly suitable for rubber on 

consideration of distance from factory criteria, 1232.94 km
2
 (53.48%) land area is less 

suitable, and 507.53 km
2
 (22.03%) land area is not suitable.  

Livelihood 

Population density: Population of any area is directly 

linked with livelihood. In suitability analysis of rubber, for socio-economic reason, 

the population density also plays an important role. From the discussion with experts, 

in this basin, the population density less than 100 per square kilometer is considered 

as highly suitable for rubber, population density between 100 to 300 per square 

kilometer is considered as moderately suitable for rubber, population density between 

300 to 500 square kilometer is considered as less suitable and population density more 

than 500 square kilometer is considered not suitable. In the basin, the land area about 

211.72 km
2
 (9.18%) is highly suitable considering population density factor, 1461.75 

km
2
(63.42%) land area is moderately suitable, 603.23 km

2
(26.17%) land area is less 

suitable and 28.89 km
2
(1.22%) land area is not suitable. 

Land use: In the suitability analysis of rubber, current 

available land use is also important for planning purpose. In this study, after 

discussion with experts, we came to the following consensus: current agricultural land 

use is highly suitable for rubber, grass and shrub land use is moderately suitable, 

forest land is less suitable and urban and water body are not suitable. In this study, 

1695.26 km
2
 (73.24%) land area is highly suitable for rubber, considering available 

land use criteria, 87.18 km
2
(3.78%) land area is moderately suitable for rubber, 
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296.53 km
2
 (12.86%) land area is less suitable and 226.03 km

2
 (9.80%) land area is 

not suitable. 

 

 

 

Figure 48.  Land use suitability of rubber based on temperature criteria 

 

 

  
Figure 49. Land use suitability of rubber 

based on rainfall criteria 

Figure 50. Land use suitability of 

rubber based on slope criteria 
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Figure: 51. Land use suitability of 

rubber based on elevation criteria 

Figure 52.Land use suitability of rubber 

based on soil pH criteria 

  

Figure 53. Land use suitability of rubber 

based on soil drainage criteria 

Figure 54. Land use suitability of rubber 

based on soil depth criteria 

 

 



171 
 

  

Figure 55. Land use suitability of rubber       Figure 56. Land use suitability of  rubber 

based on soil nutrient criteria                          based on soil texture criteria 

  

Figure 57. Land use suitability of rubber 

based on distance from main road criteria 

Figure 58. Land use suitability of rubber 

based on distance from factory criteria 
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Figure 59. Land use suitability of rubber 

based on population density criteria 

Figure 60. Land use suitability of rubber 

based on available land use criteria 

 

 

Land use suitability map of rubber in URB 

For suitability analysis of rubber, multi criteria decision making 

concept was used in GIS environment. For this, two main criteria, bio-physical and 

socio-economic criteria were established and bio-physical criteria was further divided 

into 3 sub criteria as climate ( temperature & rainfall), topography (slope & elevation) 

and soil (depth, drainage, pH, texture & nutrient). Socio-economic criteria were also 

further divided into 2 sub criteria as distance (distance from main road & distance 

from factory) and livelihood (population density & available land use). Therefore, 

altogether 13 thematic maps were prepared and the weights of all criteria were 

developed by pair wise comparison method in AHP. The suitability score was 
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developed based on the linear combination of all rating score and weight. The score 

between 3.00 to 4.00 was considered highly suitable for rubber, score between 2.00-

3.00 was considered as moderately suitable for rubber, score between 1.00-2.00 was 

considered less suitable and score between 0.00-1.00 was considered as not suitable. 

For the suitability analysis, the area of water body was fixed or made constraint in 

analysis process. The suitability map of rubber in U-tapao river basin as follows: 

 

 

 

 

Figure 61. Land use suitability map of rubber in URB 

 

 

In this study, the highly suitable land for rubber is about 333.34 km
2
 

(14.46%), moderately suitable land for rubber is about 1901.35 km
2
(82.48%), less 

suitable land for rubber is about 51.07 km
2
 (2.22%). There is no non suitable land for 

rubber in this area. The area of water body is 19.24 km
2
 (0.83%). 
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Land use suitability map of agriculture on URB 

For agriculture purpose, it was evaluated only land use suitability of 

rubber. Since, land uses for other agricultural practices are minimum, it is not 

reasonable to analyze all of them. To develop final land use suitability map of 

agriculture, land uses for rice paddy and other agricultural activities were fixed and 

adjusted with land use suitability map of rubber. The final map of agricultural land 

use suitability map is shown below (Fig 62). From overall analysis, the most 

dominating land use of U-tapao river basin is agriculture which covers about 70% of 

land use of river basin. Out of agricultural land, rubber covers about 65% of land of 

the basin. In the basin, water body covers about 19.13 km
2
 (0.83%), rice paddy field 

covers about 83.68 km
2
(3.63%) and other agricultural activities cover about 37.12 

(1.61%). From the land use suitability analysis, highly suitable land use for rubber is 

316.46 km
2
(13.73%), moderately suitable land use for rubber is 1798.36 km

2
(78.02%) 

and less suitable land use for rubber is 50.24 km
2
(2.18%).  

 

 

 

Figure 62. Agricultural land use suitability map of URB, Thailand 
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Land use suitability analysis of forest 

Forested land is an important part of land use planning. Due to 

urbanization and industrialization process, the virgin forest has been disappearing 

rapidly. For sustainable development of the any region, environmental aspect should 

be considered. In the basin, protection of forest is very important. In recent periods, 

deforestation rate in the U-tapao river basin is stopped, but lack of suitability analysis 

of forest has affected the effective planning concept for decision makers. This study 

provides the clear picture of suitability status of forest in the basin level. Similar to 

agriculture suitability analysis, the study applied multi-criteria technique integrated 

GIS background to delineate the suitable areas for forest. For suitability analysis, bio-

physical and socio-economic factors are considered and these factors were further 

divided into sub-factors.  

Bio-physical 

Climate: The climate is an important factor because it affects 

the growth of vegetation and forest. Climatic factor has both positive and negative 

effects on forest production. Climatic constraints may cause direct or indirect losses 

of biomass increments. For this study, annual temperature and rainfall were 

considered as climatic factor.  

Temperature: Temperature is an important factor of suitability 

analysis of forest. From discussion with forest experts of southern region, the 

suitability scale is divided into four categories. The temperature between 24 
0
C to 28 

0
C is considered as highly suitable for forest, temperature between 28 

0
C to 30 

0
C is 

considered as moderately suitable for forest, 30 
0
C to 32 

0
C is considered as less 

suitable for forest and more than 32 
0
C or less than 24 

0
C is considered as not suitable. 
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Therefore, the average temperature of the whole basin which was about 28 
0
C, it is 

highly suitable for forest on temperature criteria.  

Rainfall: Rain is also an important factor of land use suitability 

analysis of forest. From the opinion of forest experts‘ of southern region, the annual 

rainfall more than 2000 mm is considered as highly suitable for forest, between 1500-

2000 mm is considered for moderately suitable, between 1000-1500 mm is considered 

as less suitable and less than 1000 mm is considered as not suitable for forest. In the 

basin, the area about 234.98 km
2
 (10.19%) land area is highly suitable for forest on 

the basis of rainfall, 669.24 km
2
 (29.03%) land area is moderately suitable and 

1400.77 km
2
 (60.77%) land area is less suitable. 

Topography: Topography is an important factor for 

determining of land potential for forest. Land slope is important from an ease of tree 

plantation and construction and an erosion hazard point of view. Elevation is a critical 

limiting factor due to the effect of temperature and rainfall. In this study, slope and 

elevation were considered for topography aspect.  

Slope: From forest experts‘ of southern region, the slope angle 

between 0 to 12 degree is highly suitable for forest; the angle between 12 to 20 degree 

is moderately suitable, the angle between 20 to 35 degree is less suitable and above 35 

degrees is not suitable for forest. In the basin, the most of area 2149.64 km
2
 (93.26%) 

is highly suitable for forest, 132.08 km
2
 (5.72%) area is moderately suitable for forest, 

6.45 km
2
 (0.28%) area is less suitable for forest and 16.83 km

2
 (0.73%) area is not 

suitable for forest.  

Elevation: According to experts‘ opinion collected for this 

study and available previous literature, the elevation between 0-400 m from sea level 
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is highly suitable for forest, 400-600 m is moderately suitable, 600-1000 m is less 

suitable and more than 1000 m is not suitable for forest. From elevation aspect, most 

of the land area about 2084.64 km
2
 (90.44%) is highly suitable for forest and 221.17 

km
2
 (9.56%) is moderately suitable for forest.  

Soil: Similar to agriculture, soil is also an important factor of 

land use suitability analysis for forest. Soil texture is an important variable for soil 

and is a key variable in the coupled relationship between climate, topography and 

vegetation. Therefore it plays an important role in assessment of land suitability 

analysis for forest. Soil pH needs an important consideration for forestry for several 

reasons, many tree species prefer either alkaline or acidic conditions and that the soil 

pH can affect the availability of nutrients in the soil. It varies depending on soil types, 

slope, rocks, and vegetation type. Soil depth is an important factor affecting soil 

productivity. Soils that are deep well drained, with desirable texture and structure are 

suitable for forestry and agriculture production. A soil depth variation from place to 

place determines the growth of plants and also affects the growing of plant roots.  

    pH: pH is one of the factors of the soil analysis. For suitability 

analysis of forest, from forest experts‘ of southern region, pH value between the range 

5-6 is highly suitable for forest, pH range between 4-5 or 6-7 is moderately suitable, 

pH range between 7-8 or 3-4 is less suitable and pH range more than 8.0 or less than 3 

is not suitable for forest. In the study, 1196.93 km
2
 (51.92%) land area is highly 

suitable for forest as pH value of soil, 1102.96 km
2
 (47.85%) land area is moderately 

suitable, and 5.11 km
2
 (0.23%) land area is less suitable.   
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    Drainage: From opinion from experts, land use is divided into 

four categories based on drainage basis. The land is highly suitable for forest for 

excessively drained or well drained area, moderately suitable for moderately drained 

area, less suitable for somewhat poorly drained and not suitable for poorly drained or 

very poorly drained. In the basin, 1241.47 km
2
 (53.87%) land area is highly suitable 

for forest, 634.79 km
2
 (27.54%) land area is moderately suitable, 235.80 km

2
 

(10.23%) land area is less suitable and 192.69 km
2
 (8.36%) land area is not suitable 

for forest.  

Depth: From experts‘ opinion, the soil depth, above 150 cm is 

highly suitable for forest, the depth between 50-150 cm is moderately suitable, 30-50 

cm is less suitable and less than 30 cm is not suitable. In the basin, 976.63 km
2
 

(42.37%) land area is highly suitable for forest in terms of soil depth, 821.73 km
2
 

(35.65%) land area is moderately suitable, 174.03 km
2
 (7.55%) land area is less 

suitable and 332.61 km
2
 (14.43%) land area is not suitable.  

Nutrient: From experts‘ opinion, land use suitability of forest is 

divided into two categories, namely highly suitable and moderately suitable. The land 

is considered highly suitable if the nutrient level is very high or high level and 

moderately suitable if the nutrient level is moderate or low level. In the basin, 2299.69 

km
2
 (99.77%) land area is moderately suitable for forest and 5.31km

2
 (0.23%) land 

area is highly suitable.  

Soil texture: From experts‘ opinion the soil textures like l, scl, 

and sl are highly suitable for forest, soil texture like ls, sil, sc, cl, sicl are moderately 

suitable, soil texture like si, sic, and sc are less suitable and soil textures like c, g, ac 

and s are not suitable. In the basin, the area 1420.57 km
2
 (61.63%) land area is highly 
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suitable, 767.56 km
2
 (33.20%) land area is moderately suitable, and 116.86 km

2
 

(5.07%) land area is not suitable for forest on soil texture basis.  

Socio-economic: Generally, socio-economic factors are not 

included during land suitability of forest. But, this factor very much related and 

important with respect to forest. Therefore, in this study, distance factor (main road & 

river) and livelihood factor (available land use and population density) were included 

as socio-economic factors.  

Distance 

Main road: For socio-economic analysis, the distance is 

an important aspect. Following discussion with experts, we reached a consensus as: 

farther from main road is suitable for forest than nearer from main road. In the study, 

for suitability forest more than 5 km distance from main road is highly suitable, 

distance within the range 4 to 5 km is moderately suitable, distance between 3 to 4 km 

is less suitable and distance less than 3 km is not suitable. In this study, 583.31 km
2
 

(25.30%) land area is highly suitable for distance of main road criteria, 583.31 km
2
 

(25.30%) land area is moderately suitable, 583.31 km
2
 (25.30%) land area is less 

suitable and 555.07 km
2
 (24.1%) land area is not suitable for forest.  

River: The distance from river is also considered in the 

suitability analysis of forest. According to experts of forest, the nearer the distance 

from river is the higher the suitability for forest. In this study, the distance less than 

500 m is highly suitable for forest, distance between 500 to 1000 m is moderately 

suitable, distance between 1000 to 2000 m is less suitable and distance more than 

2000 m is not suitable for forest. The area about 567.03 km
2
 (24.60%) land area is 

highly suitable for forest, 660.24
2
 (28.64%) land area is moderately suitable, 908.98 
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km
2
 (39.43%) land area is less suitable and 168.73 km

2
 (7.32%) land area is not 

suitable for forest.  

Livelihood 

 Population density: In the suitability analysis of forest, 

population density has been considered on  the basis of opinion of experts. 

According to experts‘ opinion, population density less than 100 per square kilometer 

is highly suitable, population density between 100 to 300 per square kilometer is 

moderately suitable, population density between 300 to 5000 per square kilometer is 

less suitable and more than 500 per square kilometer is not suitable for forest. In the 

basin, the area about 22.72 km
2
(9.19%) is highly suitable for forest, the area about 

1368.59 km
2
 (59.37%) is moderately suitable, the area about 93.15 km

2
(4.04%) is less 

suitable and the area about 631.52 km
2
 (27.39%) is not suitable.  

Land use: In the suitability analysis of forest, current available 

land use is also important for planning purpose. According to the discussion with 

experts, current forest land use is highly suitable for forest, grass and shrub land use is 

moderately suitable, agricultural land is less suitable and urban and water body are not 

suitable. In the basin, the area 296.53 km
2
 (12.86%) is highly suitable for forest, the 

area 87.18 km
2
 (3.78%) is moderately suitable, the area 1695.26 km

2
 (73.24%) is less 

suitable and 226.03 km
2 

(9.80%) is not suitable.  
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Figure 63.  Land use suitability of forest based on temperature criteria 

 

  
Figure 64. Land use suitability of forest 

based on rainfall criteria 

Figure 65. Land use suitability of forest 

based on slope criteria 
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Figure 66. Land use suitability of forest 

based on elevation criteria 

Figure 67. Land use suitability of forest 

based on soil pH value criteria 

  
Figure 68. Land use suitability of forest 

based on soil drainage criteria 

Figure 69. Land use suitability of forest 

based on soil depth criteria 
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Figure 70. Land use suitability of forest 

based on soil nutrient criteria 

Figure 71. Land use suitability of forest 

based on soil texture criteria 

  

Figure 72. Land use suitability of forest 

based on distance from main road criteria 
Figure 73. Land use suitability of forest 

based on distance from river criteria 
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Figure 74. Land use suitability of forest 

based on population density criteria 

Figure 75. Land use suitability of forest 

based on available land use criteria 

 

Land use suitability map of forest 

For effective forest land use planning, the suitability of forest map was 

developed by integrating multi criteria decision making (MCDM) process with 

Geographic Information Systems (GIS). While developing the suitability map, water 

body was made as constraint factor. Therefore, the final land use suitability map of 

forest is as shown below (Fig 76). The highly suitable land for forest is about 1375.2 

km
2
 (59.66%), moderately suitable land for forest is about 910.56 km

2 
(39.50%), and 

less suitable land for forest is very negligible (<0.01 km
2
). The area of water body is 

19.24 km
2
 (0.83%). 
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Figure 76.  Land use suitability map of forest in URB 

 

 

 

Land use suitability analysis of urban  

Urban land is also an important part of land use planning. This study 

tried to provide the clear picture of suitability status of urban area in the basin. Similar 

to the suitability analysis of agriculture and forest, the study applied multi-criteria 

technique integrated GIS background to delineate the suitable areas for urban. For 

suitability analysis, bio-physical and socio-economic factors were considered and 

these factors were also divided into sub-factors.  
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Bio-physical 

Climate 

Temperature: Temperature is an important factor of suitability 

analysis of urban. From discussion with urban experts of southern region, the 

suitability scale is divided into four categories. The temperature between 20 
0
C to 25 

0
C is considered as highly suitable for urban, temperature between 15 

0
C to 20 

0
C or 

25 
0
C to 30 

0
C is considered as moderately suitable for urban region, 10 

0
C to 15 

0
C or 

10 
0
C to 15 

0
C is considered as less suitable for urban region and more than 35 

0
C or 

less than 10 
0
C is considered as not suitable. Therefore, the average temperature of the 

whole basin is about 28 
0
C, so the land of basin is moderately suitable for urban 

region. 

Rainfall: Rainfall is also an important factor of land use 

suitability analysis of urban. Generally too much or too less rainfall is not suitable for 

settlement of human beings. According to the opinion of urban experts‘ of southern 

region, the annual rainfall between 500-1000 mm is considered as highly suitable for 

urban, between 1000-1500 mm is considered for moderately suitable, between 1500-

2000 mm is considered as less suitable and less than 500 mm or more than 2000 is 

considered as not suitable for urban. In the basin, the area about 305.78 km
2
 (13.26%) 

land is highly suitable on the basis of rainfall, 1094.98 km
2
 (47.51%) land is 

moderately suitable, 669.24 km
2
 (29.03%) land is less suitable and 234.98 km

2
 

(10.19%) is not suitable for urban.  
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Topography 

Slope: Slope is an important factor of suitability analysis as 

topography factor for urban. According to urban experts‘ of southern region, the slope 

angle between 0 to 12 degrees is highly suitable for urban; the angle between 12 to 20 

degrees is moderately suitable, the angle between 20 to 35 degree is less suitable and 

above 35 degree is not suitable for urban. In the basin, the most of land area 2149.64 

km
2
 (93.26%) is highly suitable for urban, 132.08 km

2
 (5.72%) area is moderately 

suitable, and 6.45 km
2
 (0.28%) area is less suitable for urban and 16.83 km

2
 (0.73%) 

area is not suitable for urban on slope aspect. 

Elevation: According to the experts‘ opinion and available 

literature, the elevation between 0-200 m from sea level is highly suitable for urban, 

200-400 m is moderately suitable, 400-600 m is less suitable and more than 600 m is 

not suitable for urban. From elevation aspect, most of the land area about 1985.06 

km
2
 (86.12%) is highly suitable for urban, 99.58 km

2
 (4.32%) is moderately suitable, 

165.27 km
2
 (7.17%) is less suitable and 55.09 km

2
 (2.39%) is not suitable for urban.  

   Soil 

   Drainage: According to opinion from experts, suitability is 

divided into four categories on drainage basis. Excessively drained or well drained 

area is highly suitable for urban, moderately drained area is moderately suitable, 

somewhat poorly drained area is less suitable and poorly drained or very poorly 

drained area is not suitable for urban. In the basin, 1241.47 km
2
 (53.87%) land area is 

highly suitable for urban, 634.79 km
2
 (27.54%) land area is moderately suitable, 

235.80 km
2
 (10.23%) land area is less suitable and 192.69 km

2
 (8.36%) land area is 

not suitable. 
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Depth: From urban experts‘ opinion, soil depth more than 150 

cm is highly suitable for urban, depth between 100-150 cm is moderately suitable, 

depth between 50-100 cm is less suitable and depth less than 50 cm is not suitable. In 

the basin, 898.21 km
2
 (38.97%) land is highly suitable for urban in terms of soil depth, 

89.50 km
2
 (3.88%) land area is moderately suitable , 379.88 km

2
(16.48%) land area is 

less suitable and 937.39 km
2
 (40.66%) land area is not suitable for urban.  

Texture: From expert opinions and literature survey, soil 

having sandy character is highly suitable for urban, loamy character is moderately 

suitable, clayey character is less suitable and rocky and stone character is not suitable 

for urban (Reghunath, 2006). In the basin, the land area 645.46 km
2
 (28.00%) is 

highly suitable, the land area 709.55 km
2
 (30.78%) is moderately suitable, the land 

area 338.52 (14.68%) is less suitable and the land area 611.45 km
2
 (26.53%) is not 

suitable for urban based on soil texture.  

Socio-economic 

Distance 

Main road: Based on discussion with experts, the nearer to 

main road is more suitable for urban and vice versa. In this study, for suitability for 

urban, less than 1 km distance from main road is highly suitable, distance within the 

range 1 to 5 km is moderately suitable, distance between 5 to 10 km is less suitable 

and distance more than 10 km is not suitable. In this study, 555.04 km
2
 (24.10%) land 

area is highly suitable based on the distance from main road criteria, 583.31 km
2
 

(25.30%) land area is moderately suitable, 583.31 km
2
 (25.30%) land area is less 

suitable and 583.31 km
2
(25.30%) land area is not suitable.  
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River: The distance from river is also considered in the 

suitability analysis of urban. From experts of urban, farther distance from river is 

highly suitable for urban compared with nearer distance from river. In this study, the 

distance more than 2000 m is highly suitable for urban, distance between 1000 to 

2000 m is moderately suitable, distance between 500 to 1000 m is less suitable and 

distance less than 500 m is not suitable for urban. The land area about 168.73 km
2
 

(7.32%) is highly suitable for urban, the land area about 908.98 km
2
 (39.43%) is 

moderately suitable, the land area about 660.24 km
2
 (28.64%) is less suitable and the 

land area about 567.03 km
2
 (24.60%) is not suitable for urban.  

Livelihood 

Population density: Population of any area is directly linked with 

livelihood. In suitability analysis of urban, the population density also plays an 

important role with respect to socio-economic reason. From the discussion with 

experts, in this basin, the population density more than 500 per square kilometer is 

considered as highly suitable for urban, population density between 300 to 500 per 

square kilometer is considered as moderately suitable for urban, population density 

between 100 to 300 square kilometer is considered as less suitable and population 

density less than 100 square kilometer is considered not suitable. In the basin, the area 

about 28.28 km
2
 (1.23%) is highly suitable, 603.23 km

2
(26.17%) is moderately 

suitable, 1461.75 km
2
(63.42%) is less suitable and 211.72 km

2
(9.18%) is not suitable 

for urban development.  

  Land use: In the suitability analysis of urban, current available land 

use is also important for the planning purpose. According to the discussion with 

experts, current urban land use is highly suitable for urban, grass and shrub land use is 
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moderately suitable, agricultural land is less suitable and forest and water body are not 

suitable. In the basin, the land area 206.89 km
2
 (7.97%) is highly suitable for urban, 

the land area 87.18 km
2
 (3.78%) is moderately suitable, the land area 1695.26 km

2 

(73.24%) is less suitable and the land area 315.67 km
2
 (13.69%) is not suitable for 

urban.  

 

 

 

Figure 77. Land use suitability of urban based on temperature criteria 

  
Figure 78. Land use suitability of urban 

based on rainfall criteria 

Figure 79.  Land use suitability of urban 

based on slope criteria 
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Figure 80.  Land use suitability of urban 

based on elevation criteria 

Figure 81.  Land use suitability of urban 

based on soil drainage criteria 

  

Figure 82. Land use suitability of urban 

based on soil depth criteria 

Figure 83. Land use suitability of urban 

based on soil texture criteria 
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Figure 84. Land use suitability of urban 

based on distance from main road criteria 

Figure 85. Land use suitability of urban 

based on distance from river criteria 

  

Figure 86. Land use suitability of urban 

based on population density criteria 

Figure 87. Land use suitability of urban 

based on available land use criteria 
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Land use suitability map of urban land use of URB 

Similar to agriculture and forest land use suitability maps, the urban 

land use suitability map is also developed by integrating multi criteria decision 

making (MCDM) with Geographic information Systems (GIS). During this process, 

water body of the basin was fixed as constraint. The land use suitability map of urban 

is presented as below (Figure 88). In the map, the highly suitable land for urban is 

about 309.79 km
2
 (13.44%), moderately suitable land for urban is about 1924.93 

km
2
(83.51%), less suitable land for urban is 51.04 (2.21%). There is no non suitable 

land for urban in this area. The area of water body is 19.24 km
2
 (0.83%). 

 

 

 

 

Figure 88. Land use suitability map of urban on URB 
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Comparison of land use suitability of agriculture, forest and urban in URB 

In this study, land use suitability analysis of agriculture, forest, and 

urban has been done in URB. For suitability analysis, different factors have their own 

importance and constraint which influences suitability assessment. Overall, land use 

suitability analysis has been done based on two main criteria: bio-physical and socio-

economic criteria. A bio-physical criterion is further subdivided into three sub-criteria 

(climate, topography and soil) and a socio-economic criterion is also further 

subdivided into two sub-criteria (distance and livelihood) and these criteria and sub-

criteria are also classified into different factors. Therefore, comparing land use 

suitability analysis of agriculture, forest, and urban, different land uses have different 

results. Considering the case of climate factor, for temperature criteria, the whole 

basin totally was highly suitable for agriculture and forest land use purposes whereas 

moderately suitable for urban land use perspective. With respect to rainfall, it was 

highly suitable land for agriculture is 29.03%, forest land is 10.19% and urban land is 

13.26%. Therefore, from rainfall point of view, agriculture is more suitable than forest 

and urban cases. Regarding slope of the land, highly suitable land for agriculture, 

forest and urban land uses is 93.26%, therefore, the basin is highly suitable for all 

three types of land uses with respect to slope. In the case of elevation, highly suitable 

area for agriculture is 86.92%, for forest is 90.44% and for urban is 86.92%. So, from 

elevation aspect, the basin is highly suitable for forest. In the case of soil pH value, 

the highly suitable area for agriculture is 13.71% and for forest is 51.92%. From pH 

value aspect, basin is highly suitable for forest. Regarding soil drainage, the basin is 

highly suitable for all types of land uses. Regarding the soil depth, the basin is highly 

suitable for both agriculture and forest. Similarly, from the aspect of soil nutrient, the 
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basin is highly suitable for both agriculture and forest land uses. Similarly, from the 

aspect of soil texture, the basin is highly suitable for both agriculture and forest land 

uses. From socio-economic aspect, the basin is slightly more suitable forest 

considering both the distance form main road and the distance from river network. 

From the viewpoint of population density, forest land is slightly more suitable than 

agricultural land use. From available land use, agriculture is highly suitable than 

forest and urban land. 

Overall, about 13.73% land area is highly suitable for agriculture, 

59.66% land area is highly suitable for forest and 13.44% land area is highly suitable 

for urban. Similarly, 78.02% land area is moderately suitable for agriculture, 39.50% 

land area is moderately suitable for forest and 83.51% land area is moderately suitable 

for urban. Similarly, 2.18% land area is less suitable for agriculture, 0.001% land area 

is less suitable for forest and 2.21% land area is less suitable for urban. Analyzing all 

aspects of suitability, the basin is highly or moderately suitable for all agriculture, 

forest and urban land uses; it is comparatively more suitable for forest land use. But, 

in practice agriculture is the dominating land use of the basin. From environmental 

point of view, the basin should be protected for forest land use and side by side, 

agricultural practice can be done with minimum impact on environment.  
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Table 25 

Comparison of land use suitability of agriculture, forest and urban in URB 

 

Factor Highly suitable 

(S1) 

Moderately suitable 

(S2) 

Less suitable 

(S3) 

Not suitable 

(N) 

AGR FOR URB AGR FOR URB AGR FOR URB AGR FOR URB 

Temperature 100.00 100.0 --- ---- ---- 100.00 ---- ---- ---- ---- ---- ---- 

Rainfall 29.03 10.19 13.26 57.70 29.03 47.51 ----- 60.77 29.03 13.27 ---- 10.19 

Slope 93.26 93.26 93.26 5.72 5.72 5.72 0.28 0.28 0.28 0.73 0.73 0.73 

Elevation 86.12 90.44 86.12 4.32 9.56 4.32 7.17 --- 7.17 2.39 ---- 2.39 

pH 13.71 51.92 --- 61.08 47.85 ---- 24.93 5.11 ---- 0.28 ---- ---- 

Drainage 53.87 53.87 53.87 27.54 27.54 27.54 10.23 10.23 10.23 8.36 8.36 8.36 

Depth 42.37 42.37 38.97 35.65 35.65 3.88 7.55 7.55 16.48 14.43 14.43 40.66 

Nutrient 0.23 0.23 ---- 99.77 99.77 ---- ----- ----- ----- ----- ----- ----- 

Texture 61.63 61.63 28.0 32.69 33.20 30.78 0.16 ---- 14.68 5.07 5.07 26.53 

Road 24.10 25.30 24.10 25.30 25.30 25.30 25.30 25.30 25.30 25.30 24.1 25.3 

Factory 24.49 ---- ---- ---- ----- ---- 53.48 ---- ----- 22.03 ---- ----- 

River ----- 24.60 7.32 ----- 28.64 39.43 ----- 28.64 28.64 ---- 7.32 24.60 

P. density 9.18 9.19 1.23 63.42 59.37 26.17 26.17 4.04 63.42 1.22 27.39 9.18 

 Land use 73.24 12.86 7.97 3.78 3.78 3.78 12.86 73.24 73.24 9.80 9.80 13.69 

 

Sustainable land-use planning  

Sustainable development is the balance between economical, social 

and environmental aspect. However, in practice, it is very difficult to adjust these 

factors. Land use planning is influenced by socio-economic development of society 

and it very complex to adjust environmental issues. Since sustainable means causing 

little or no damage to the environment and able to continue for a long time, 

sustainable land use planning should consider environment, social and economic 

issues for long period of time.  The Canadian Institute of Planners (2000) defines 

sustainable land use planning as: the scientific, aesthetic, and orderly disposition of 

land, resources, facilities and services with a view to securing the physical, economic 

and social efficiency, health and well-being of urban and rural communities. 

Generally, land use planning involves zoning of appropriate types and forms of land 

uses, as well as infrastructure and open space planning directed at the efficient 

utilization of land in order to provide benefits to the broader population, the economy 
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and the environment. Sustainable land use planning requires recognition of the 

limitations of the biosphere and the need for a balance of social, cultural and 

economic uses within these natural limitations (Chalifour, 2007). According to the 

guidelines published by FAO, (1993) sustainable land use planning is the systematic 

assessment of land and water potential, alternatives for land use and economic and 

social conditions in order to select and adopt the best land use options. The purpose of 

land use planning is ―to select and put into practice those land uses that will meet the 

needs of the people best while safeguarding resources for the future‖ (FAO, 1993). 

Land-use planning may be defined as a systematic process for the arrangement and 

allocation of land resources among period of time and space in accordance with the 

principles of sustainable land-use (Tu, 2010). 

Sustainable land use planning is very much related with allocation of 

suitable land for the requirement of the society. Generally, land suitability is the 

fitness of a given type of land for a defined use and assessment of land suitability is 

made by comparison between land use and land quality, coupled with analysis in 

environmental, economic and social terms (FAO, 1984). Suitability is a measure of 

how well the characteristics of a land match the requirements of sustainable 

development. The preparation of sustainable development plan requires consideration 

of all components of the economic, social and environment as well as properly 

analysis of land suitability and allocation of land uses with sustainable principle. 

Mendoza (1996) mentioned that for land use planning by using GIS and MCDM is 

based on two critical issues: land use suitability and land use allocation. Land use 

suitability is generic term associating a combination of factors and their impacts with 

respect to potential land uses. Land allocation, on the other hand, involves the process 
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of designing on optimal mix of land uses base on their estimated suitability and 

perceived for sustainable management objective.  Savoray et al. (2005) used GIS and 

MCDM concept for sustainable land use planning in Ma‘ale Adumim, Israel. First of 

all, they developed the land use suitability maps of forest, industry, residence and 

natural resources and allocated theses maps by subjective approach in suitable places 

for final land use planning. They focused by incorporating ecological/environmental 

considerations with socio-economic and cultural information for sustainable 

development. Wang et al. (2006) proposed land use planning by allocating land by 

using GIS-optimization modeling concept in Lake Erhai Basin, China. By applying 

multiple objectives (economic, forest, soil loss, water quality) and adjusting 

constraints (land availability, agricultural, production, tourism, soil loss etc.), they 

proposed land use planning for sustainable development of Lake Basin. Zarkesh et al. 

(2010) proposed land use planning on considering various environmental and 

socioeconomic factors in Teleghan basin, Iran. By studying land use suitability of 

rangeland, urban development and irrigated agriculture and allocating land use by 

using Multi-objective land allocation (MOLA) module in IDRRISI Kilimanjaro 

software, they proposed land use planning giving higher priority rangeland and 

agricultural uses and less priority of urban development for sustainable development 

of basin. Sui et al. (2006) proposed land use planning for Qinling mountains, China 

for sustainable development on this region. The proposed planning was based on 

consideration for sustainable development of ecosystems within the land form and 

allowed a steady improvement in biological productivity of mountain land. Tudes & 

Yigiter (2010) proposed land use planning on the base of land use suitability of urban, 

industrial, waste disposal and green land for sustainable development of Adana, 
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Turkey by using the concepts of MCDM, AHP and GIS. They also recommended that 

economic, legal, political and technological factors should be adjusted in sustainable 

land use planning.  

In the case of U-tapao river basin, the proposed planning map of the 

basin has been tried to adjust sustainable principle. Since, the environmental aspect is 

one of the pillars of sustainable development, forest and water body of the basin has 

tried to protect for future or fixed for land use planning process. The main problem of 

basin is conversion of agricultural land to urban land. From socio-economic aspect, it 

is not possible to ignore these two factors. Considering these factors, the suitability 

land use structures of agriculture and urban were analyzed. In land use planning 

process, allocation of land is one of the main parts of decision makers. Allocation of 

land can be done either subjective or objective approach. In this study, allocation of 

agricultural land and urban land were allocated by priority basis as subjective 

approach. For priority setting, pair wise comparison method was used adjusting the 

opinion of land use planning expert. Due the reality of the basin, the expert has given 

more priority on agriculture rather than urban (Priority ranking: Highly suitable area 

for agriculture > Highly suitable area for urban > Moderately suitable area for 

agriculture > Moderately suitable area for urban > Less suitable area for agriculture > 

Less suitable area for urban).  

Since, the forest land (12.86%) and water body (0.83%) were fixed or 

protected, by using GIS application, the high suitable land for agriculture was 

allocated in the first and it occupied 13.20% land of the basin. Then after, the high 

suitable land for urban was allocated and it occupied 9.43% of land of the basin. Then 

after, the moderate suitable land for agriculture was allocated and it occupied 63.41% 
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land of the basin. Then after, the moderate suitable land for urban was allocated and it 

occupied 0.26% land of the basin. By this process, the whole basin was divided into 

different zones as figure below (Figure 89). Therefore, this study proposed the land 

use planning map of the basin and believed that it is based on sustainable 

development principle. 

 

 

 

Figure 89. Sustainable land use planning of URB 

 

Division of land use in different zones 

Water zone: The total area of water zone is 19.38 km
2
 (0.83%) and within water zone 

sub-land uses like river canal (1.23 km
2
), lake (0.05 km

2
), reservoir (12.48 km

2
), farm 
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pond (0.58 km
2
) and irrigation canal (4.94 km

2
) were identified by comparing the land 

use map of the year 2009.  

Forest zone: The total area of forest zone is 296.52 km
2
 (12.86%) and within forest 

zone, the area of evergreen forest was 289.27 km
2
, swamp forest was 0.72 km

2
 and 

mangrove forest was 6.53 km
2
 by comparing the land use map of the year 2009.  

Highly suitable area for agriculture zone: The total area of highly suitable land for 

agriculture zone is 304.21 km
2
 (13.20%) and within this zone, rice paddy (17.09 km

2
), 

rubber (254.17 km
2
), palm oil (4.13 km

2
), orchard (4.54 km

2
), grass and shrub (0.093 

km
2
), wetland (0.01 km

2
), mining (0.23 km

2
) and urban (23.947 km

2
) were identified 

by comparing the land use map of the year 2009.  

Highly suitable area for urban zone: The total area of highly suitable land for urban 

zone is 217.46 km
2
 (9.43%) and within this zone, rice paddy (7.12 km

2
), rubber 

(94.80 km
2
), palm oil (3.31 km

2
), orchard (6.63 km

2
), aquaculture (3.37 km

2
) grass 

and shrub (15.39 km
2
), wetland (1.64 km

2
), mining (1.93 km

2
) and urban (81.89 km

2
) 

and airport (1.38 km
2
) were identified by comparing the land use map of the year 

2009. 

Moderately suitable area for agriculture zone: The total area of moderately suitable 

land for agriculture zone is 1461.57 km
2
 (63.41%) and within this zone, rice paddy 

(53.84 km
2
), rubber (1201.34 km

2
), palm oil (12.68 km

2
), orchard (23.88 km

2
), 

aquaculture (5.07 km
2
), farm house (0.83 km

2
), grass and shrub (12.23 km

2
), wetland 

(37.697 km
2
), mining (12.1 km

2
) and urban (90.59 km

2
) and airport (11.21 km

2
) were 

identified by comparing the land use map of the year 2009.  

Moderately suitable area for urban zone: The total area of moderately suitable land 

for urban is 5.86 km
2 

(0.26%) and within this zone, rubber (3.89 km
2
), palm oil (0.02 
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km
2
), grass and shrub (0.09 km

2
), mining (1.82 km

2
) and urban (0.039 km

2
) were 

identified by comparing the land use map of the year 2009.  

 

Table 26 

Land use distribution in different zones (in km
2
) 

 

Zone % Area of land use distribution in the 

year 2009 (in km
2
) 

Total 

WTB FOR URB AGR 

Water (WT) 0.83 19.38 - - - 19.38 

Forest (FOR) 12.86 - 296.52 - - 296.52 

Highly suitable agriculture (HSA) 13.20 0.33 - 23.947 279.93 304.21 

Highly suitable urban (HSU) 9.43 18.96 - 83.27 115.23 217.46 

Moderately suitable agriculture (MSA) 63.42 62.127 - 101.8 1297.64 1461.57 

Moderately suitable urban (MSU) 0.26 1.91 - 0.04 3.91 5.86 

Total 100.00 102.57 296.52 209.06 1696.71 2305.00 

 

Comparing the proposed sustainable land use planning of URB and 

actual land use map of the year 2009, it is possible to apply land utilization concept in 

the basin. For example, the highly suitable area for agriculture zone, 0.93 km
2
 area of 

grass and shrub land and 0.23 km
2
 area of mining land can be used for agriculture 

purpose as rubber plantation. Similarly, highly suitable area for urban zone, 15.39 km
2
 

shrub and grass land can be used for new urban development. For the case of 

moderately suitable agriculture zone, 12.23 km
2
 grass and shrub land can be used for 

rubber plantation purpose. For the case of moderately suitable urban zone, 0.039 km
2
 

can be used for urban development. Therefore, in the basin, grass & shrub land and 

mining land were not used in proper order or these lands existed as waste land in the 

basin. For managing sustainable development, these lands should be used for rubber 

plantation and urban development purpose which might improve living condition of 
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people as well as protect environment. This is the proposed concept for sustainable 

development of river basin by managing land use.  

 
 

Figure 90. Land use distribution on sustainable land use planning of URB 

 

Discussion  

Careful land use planning is based on land evaluation, which is the 

process of assessing the suitability of land for alternative land uses. Land suitability 

evaluation is the process of determining the fitness of a given tract of land for a 

defined use (Marsh & MacAulay, 2002). In order to determine the most desirable 
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direction for future development, the suitability for various land uses should be 

carefully studied with the aim of directing growth to the most appropriate sites. 

Considering these facts, for sustainable development of U-tapao river basin, the land 

use planning of basin has been developed in this study by considering the suitability 

analysis of leading land uses of the basin. In this study, the land use suitability maps 

of agriculture, forest and urban were developed by integrating multi criteria decision 

making (MCDM) with Geographic information Systems (GIS). So, application of the 

multi-criteria land suitability evaluation based on the FAO method has been adopted 

in the context of URB with appropriate modification. Like in most of the literatures 

physical land parameters were identified as most important criteria. A second 

important criterion was socio-economic criteria. Multi-criteria analysis was carried 

out through MCH process and among 13 sub criteria for agriculture and forest and 11 

for urban. AHP process to calculate weight for the importance identification of the 

sub-criteria, consistent ratio (CR) has been maintained for reliability.  

In this study, agriculture based suitability map of U-tapao river basin 

has been developed by using MCDM and GSI application. Since agriculture is one of 

the world‘s most important activities‘ supporting human life, the suitability analysis 

of agriculture is very necessary for sustainable development. U-tapao river basin is 

predominantly related to agricultural activities, especially rubber plantation. Therefore, 

in this study land use suitability of rubber was analyzed by using multi criteria 

technique. The whole process is broadly divided into two main factors: bio-physical 

and socio-economic. Since most of previous studies about land use suitability mainly 

focused on bio-physical aspect and gave less value on socio-economic factors, in this 

study socio-economic factor was also included. Actually, socio-economic also plays a 
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crucial role in land use suitability of agriculture. So, bio-physical factor was further 

divided into sub-factors like climate, topography and soil and socio-economic was 

also divided into sub-factors like distance and livelihood. Climate aspect was further 

evaluated through mean temperature and annual rainfall criteria.  

Analyzing the land suitability of rubber on temperature aspect, the 

whole basin is highly suitable for rubber whereas analyzing from annual rainfall 

aspect, around 86.73% land is highly or moderately suitable for rubber. The climate of 

the basin is suitable rubber, so most of the part of basin is covered from rubber trees. 

Analyzing from topography aspect, most of the part of basin is plain region, so 

93.26% land is highly suitable for rubber from slope aspect whereas 86.12% land is 

highly suitable from elevation aspect. So, from topography point of view, the basin is 

also highly suitable for rubber plantation. From soil aspect, 13.71% land is highly 

suitable and 61.08% is moderately suitable with respect to pH value of soil; 53.87% 

land is highly suitable and 27.54% is moderately suitable with respect to drainage of 

soil; 42.37% land is highly suitable and 35.65% land is moderately suitable with 

respect to depth of soil; 0.23% land is highly suitable and 99.77% land is moderately 

suitable on nutrient availability of soil and 61.63% is highly suitable and 32.69% land 

is moderately suitable with respect to soil texture., Overall, most of the basin land is 

highly or moderately suitable for rubber plantation. From socio-economic, marketing 

aspect, 24.30% land is highly suitable and 25.30% land is moderately suitable for 

rubber from the distance from main road. Similarly, only 24.49% land is highly 

suitable for rubber from the distance from rubber factory. Overall, most of the land of 

the basin is highly or moderately suitable from marketing aspect as well. From 

livelihood point of view, 9.18% land is highly suitable for rubber and 63.42% land is 
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moderately suitable for rubber with respect to population density. Similarly, 73.24% 

land is highly suitable and 3.78% land is moderately suitable for current available 

land use structure. Overall, most of the basin land is highly or moderately suitable for 

rubber.  

Analyzing both bio-physical as well as socio-economic aspects, most 

of the land of the basin is either highly or moderately suitable for rubber. But, the land 

in basin is more suitable for bio-physical aspect rather than socio-economic aspect. In 

conclusion, rubber is very suitable agricultural product of the basin. For sustainable 

development of basin, it should be protected and definitely it will change the socio-

economic status of this region. Besides rubber, other agricultural activities in the basin 

are very negligible. Paddy field only covers around 3.63% and remaining other 

agricultural activities just covers 1.61% of land. Even though the basin is suitable for 

other agriculture crops, the gross return from rubber is comparatively is very high, so 

the farmers are very interested for rubber plantation. To increase productivity, the 

land suitability of rubber is essential. This study is the first suitability study on rubber 

in the U-tapao river basin, so, it will definitely prove a landmark for land use planners 

as well as agriculture policy makers of southern Thailand. 

Like agricultural land suitability analysis, forest land suitability has 

been done in many previous studies. This study also tried to find the suitable land use 

structure for forest by using MCDM and GIS technology. To identify appropriate 

criteria for suitability analysis of forest, collecting opinions from experts was used as 

methodology. From the experts‘ point of view, the suitability analysis has been done 

on bio-physical and socio-economic factors. With discussion with forest experts and 

rubber experts of southern region, the criteria for suitability analysis of rubber and 
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forest are devised to be more or less the same because rubber is also the part of rain 

forest and tropical environment.  

Analyzing the land use suitability of forest from climatic aspect, the 

whole basin is highly suitable from the average temperature criteria. From rainfall 

criteria, 10.19% land is highly suitable for forest, 29.03% land is moderately suitable 

for forest and 60.77% land is not suitable for forest. So, from rainfall aspect, not all 

the land of the basin is suitable for forest. From topography aspect, 93.26% land is 

highly suitable for forest on slope criteria whereas 90.44% land is highly suitable for 

forest on elevation criteria. Overall, forest land use is highly suitable for basin on 

topography aspect. From soil pH aspect, 51.92% land is highly suitable forest and 

47.85% land is moderately suitable for forest. From soil drainage criteria, 53.87% 

land is highly suitable forest and 27.54% land is moderate suitable for forest. From 

soil depth criteria, 42.37% land is highly suitable for forest and 35.65% land is 

moderately suitable for forest. From soil nutrient criteria, 0.23% land is highly 

suitable for forest and 99.77% land is moderately suitable for forest. From soil texture 

criteria, 61.63% land is highly suitable for forest and 33.20% land is moderately 

suitable for forest. Overall, most of the land of the basin is highly or moderately 

suitable for forest based on soil factor. From socio-economic aspect, 25.30% land is 

highly suitable for forest and 25.30 % land is moderately suitable for forest based on 

the distance from main road criteria. Similarly, 24.60% land is highly suitable for 

forest and 28.64% land is moderately suitable for forest based on distance from river 

criteria. From population density criteria, 9.91% land is highly suitable for forest and 

59.37% land is moderately suitable forest and 27.39% land is not suitable for forest. 

From available land use criteria, 12.87% land is highly suitable for forest, 3.78% land 
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is moderately suitable for forest and 73.29% land is less suitable for forest and 9.80% 

land is not suitable for forest. Analyzing socio-economic aspect, most of the land use 

either is highly suitable or moderately suitable for forest. Comparing bio-physical and 

socio-economic criteria, the basin is highly or moderately more suitable for bio-

physical aspect rather than for socio-economic aspect. Overall, 59.66% land is highly 

suitable and 39.50% land is moderately suitable for forest. In conclusion, the basin is 

highly suitable for forest, even though the forest land is less than 13% of the basin, it 

is possible to increase forest and increment of forest land naturally will improve 

environmental condition of the basin. From environmental based land use planning, 

reasonable amount forest land is essential and this type of suitability map of forest 

will help decision or policy makers to adjust appropriate policy in basin level. 

Urban land use suitability analysis is not like agriculture and forest, 

since urban land suitability is mostly influenced from socio-economic criteria than 

bio-physical. Urban land suitability by nature itself is a complex process which has 

integrated information from different sectors like physical environments, social 

parameters, and economic condition of an area. In this study agriculture and forest, 

bio-physical and socio-economic criteria were fixed for urban land suitability analysis 

purpose. From climatic aspect of basin, the whole basin is moderately suitable for 

urban land use by considering the temperature of the basin. From rainfall criteria, 

13.26% land is highly suitable and 47.51% land is moderately suitable for urban. 

From slope aspect, most of the land (93.26%) is highly suitable for urban and 5.72% 

land is moderately suitable for urban. From elevation aspect, most of the land 

(86.12%) is highly suitable for urban. From soil drainage condition, 38.97% land is 

highly suitable for urban, 3.88% is moderately suitable for urban, 16.48% land is less 



209 
 

suitable for urban, and 40.66% land is not suitable for urban. From soil texture aspect, 

28.00% land is highly suitable for urban and 30.78% land is moderately suitable for 

urban, 14.68% land is less suitable for urban and 26.53%. Compared with agricultural 

and forest land, the basin is less suitable for urban on bio-physical aspect. Based on 

distance from main road criteria, 24.10% land is highly suitable for urban and 25.30% 

land is moderately suitable. From distance from river criteria, 7.32% land is highly 

suitable, 39.43% land is moderately suitable, 28.64% land is less suitable and 24.60% 

land is not suitable for urban. From population density criteria, 1.23% land is highly 

suitable for urban, 26.17% is moderately suitable for urban, 63.42% land is less 

suitable for urban and 9.18% land is not suitable for urban. From available land use 

criteria, 7.97% land is highly suitable , 3.78% land is moderately suitable, 73.24% 

land is less suitable and 13.69% land is not suitable for urban. Even from socio-

economic aspect, the basin is not so suitable for urban compared to agriculture and 

forest land use. So, it is recommended that the policy makers give more emphasis on 

agriculture and forest development and adjust current settlement with sustainable 

development policy.  

After developing suitability maps of agriculture, forest and urban, the 

next step is to develop the sustainable development principle based land use planning 

map of the U-tapao river basin. Generally, sustainable development means the 

balance between economic, social and environmental aspect. The Burundtland 

Commission mentioned that sustainable development is development which meets the 

needs of the present generation without compromising the ability of future 

generations to meet their own needs. So, sustainable development is based on socio-

cultural development, political stability and decorum, economic growth and 
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ecosystem protection and its main aim is to protect and enhance the environment by 

meeting basic human needs, promoting current and intergenerational equity and 

improving the quality of life of all people. Actually, implementation of sustainable 

development policy in practice is a very complex issue. There is always a conflict 

among economic, social, political, cultural and environmental issues.  

In this study, the study proposed the land use planning by protecting 

forest and natural water resources as protected area since forest land natural water 

resources are in good condition, if these areas were protected, it will help to restore 

environment condition of the basin in the future. The basin is high potential area for 

tourism since beautiful and large Songkhla Lake is connected with the basin. 

Protecting forest and natural water resources, there is a chance of uplifting ecotourism 

as well as rural tourism which can uplift socio-economic aspect of local people. Since, 

the environment factor is one of the main components of sustainable development 

principle; the proposed land use planning U-tapao river basin has given high priority 

for water quality of river also. It was found that the converting agriculture land to 

urban land is one of the main causes of deteriorating water quality of river. Even 

urban expansion is one of causes of deteriorating condition of river, in practical 

ground; we could not stop the development aspect. The planning model suggested 

utilizing the vast waste land like grass & shrub for agriculture activities as well as 

urban development. It is also recommended to vertical expansion of city rather than 

horizontal expansion, in this process, we can utilize the land for other purposes. There 

is no forest in riparian zone, which is very peculiar thing in this river system. 

Therefore, it is highly recommended to restore forest in riparian zone which will help 

to control point and non-point sources pollution in river system. Another part of land 
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use planning of URB is to manage the conflict between agriculture land and urban 

land; since the vast amount of agriculture land especially rubber plantation has been 

converting to urban land and it has been creating many socio-economic as well as 

environmental problems in the basin. It is very necessary to manage this problem 

otherwise sustainable development of the basin could not achieve in the future and 

how to manage this problem is also issue of decision makers of this reason. From land 

use planning perspective, this study has given high priority for agriculture 

development (especially rubber plantation), since agriculture activities are the main 

economic source as well as it also helps to maintain socio-cultural actives of local 

people. If the whole agriculture land is converted for development purpose, it might 

give short term benefit for economic aspect but lose social and environment aspects 

for long term which is out of sustainable development principle.  

Giving high priority for agriculture land, the proposed land use 

planning systematically allocated about 70% land for agricultural purpose. In the 

basin, the dominating agriculture of the basin is rubber which is one of the species of 

rain forest. Practicing of rubber plantation in this region, it will support 

socioeconomic development of this region also. Rubber is high income generating 

cash crop and it also protect water, soil and air quality of the basin. It also supports for 

ecotourism as well as rural tourism in the basin. If the rubber plantation is protected 

like forest, the society could get multiple benefits in the future and sustainability in 

the basin could be achieved if we could maintain rubber dominated land for long time. 

Properly allocated urban land is another feature of land use planning of URB. Even 

urban land was given second priority after agriculture land, the study propose about 

10% lands for urban development. Previously, urban development was based of 
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encroachment of fertile agriculture and forest lands which is not good sustainable 

development practice. The study proposed to utilize the vast waste land for urban 

development without disturbing agriculture and forest lands. By utilizing this concept, 

economic development could be achieved without disturbing socio-environmental 

aspects of the basin which is main concept of sustainable development. Since, the 

land use planning is only the beginning phase of sustainability. Without support of 

other strategies planning, polices and activities; land use planning itself could not get 

sustainability in the basin.  

Overall, by using this concept in GIS environment, the sustainable 

development principle based land use planning map was proposed (Fig 7.44) for URB. 

The total area of highly suitable land for agriculture is 281.16 km
2
 (12.20%). 

Comparing this planning map with actual land use planning map of 2009, in this area, 

agricultural activities like rice paddy (17.09 km
2
), rubber (231.12 km

2
), palm oil (4.13 

km
2
) and orchard (4.54 km

2
) already exist. In this zone, 0.093 km

2
 of grass and shrub 

land and 0.23 km
2
 of mining land also exist. In practice these lands can be converted 

to suitable agricultural land. In this zone, wet land of about 0.01 km
2
 also exists, and 

in practice, this land can be used for supporting activities of agriculture. Similarly, in 

this zone, 23.947 km
2
 urban lands also exist, so, it is recommended to transform this 

land to suitable agricultural based urban land. By adjusting these policies, a highly 

suitable agricultural land can be fully utilized. 

The total area of highly suitable of urban is 240.51 km
2
 (10.43%) and 

within this zone, the area of urban settlement is 81.89 km
2
 and airport is 1.38 km

2
. In 

this zone, the area of agricultural activities is 138.28 km
2
. Sustainable practice of 

urban aspect, these can be used as urban based agricultural activities. The total area of 
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grass and shrub land is 15.39 km
2
 and this land can be used for settlement of people 

with modern vertical construction of buildings. This is the prime locality for urban 

development. The policy makers should consider this point for sustainable 

development of the river basin. In this zone, the area of wet land is 1.64 km
2
 which 

can be developed as aesthetic value of urban. By implementing these concept, the 

highly suitable land for urban can be fully utilized. 

The total area of moderately suitable area for agriculture is 1461.57 

km
2
 (63.41%) and within this zone, agricultural activities like rice paddy (53.84 km

2
), 

rubber (1201.34 km
2
), palm oil (12.68 km

2
), orchard (23.88 km

2
), aquaculture (5.07 

km
2
) and farm house (0.83 km

2
) already exist there. The grass and shrub land about 

12.23 km
2 

and mining land about 12.1 km
2
 can be used for suitable agriculture 

practice. But managing settlement area of 90.56 km
2
 and airport 11.21 km

2
 is complex 

issue. So, the policy maker should focus to implement urban agriculture concept for 

sustainable development of river basin. The total area of moderately suitable for urban 

is 5.86 km
2 

(0.25%) and within this zone urban settlement about 0.039 km
2
 is already 

exists. There is agricultural land about 3.91 km
2
 in this zone, so it better to convert 

suitable urban based agricultural land and use 0.09 km
2
 grass and shrub land and 1.82 

km
2
 mining land for urban settlement. 

Suitability analysis of land use potential is the right approach of 

sustainable development based land use planning in river basin level. Generally, the 

land is either over used or under used without considering its potential and constraints. 

So, suitability analysis gives the correct direction for land use policy makers. So, land 

evaluation is also part of the process of land use planning. The main objective of the 

land evaluation is the prediction of the inherent capacity of a land unit to support a 
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specific land use for a long period of time without deterioration, in order to minimize 

the socio-economic and environmental costs (Baniya, 2008). In this study, for 

developing sustainable development based land use planning of U-tapao river basin, 

many factors have been considered. The main problem is to manage the changing 

pattern of agricultural land to non agricultural land is a great challenge for policy 

makers. If the land management has been done with full implementation of suitable 

zone of agriculture and urban, this problem can be solved. Therefore, the results of 

this study can lay one milestone for stakeholders to know the potentiality of land for 

effective land use and land management.  
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CHAPTER 8 

DECISION MAKING 

Decision making is the process of selecting the best option out of many 

alternatives. Decision making involves the selection of a course of action from among 

two or more possible alternatives in order to arrive at a solution for a given problem. 

In another word, decision making is the study of identifying and choosing alternatives 

based on the values and preferences of the decision maker. Decision making process 

reduces uncertainty and doubt about alternatives to allow a reasonable choice to be 

made from among them. Therefore, decision making can be regarded as the mental 

process resulting in the selection of a course of action among several alternative 

scenarios. The main objective of this study is to find out the best land use planning 

scenario map of U-tapao river basin based on water quality framework. This concept 

is innovative in both local and global level. Success of this concept can be replicated 

to other basins and to other sectors as well. In the U-tapao river basin, five types of 

land use planning scenario maps were developed by using multi criteria decision 

making (MCDM) and Geographic Information Systems (GIS).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure91.DecisionMakingFramework 

 

Water 

Quality 

Framework 

Scenario 1 

Scenario 2 

Scenario 3 

Scenario 4 

Scenario 5 

Set 1 of WQP 

Set 2 of WQP 

Set3 of WQP 

Set4 of WQP 

Set5 of WQP 

Evaluation of land use planning on water quality framework 

TEMP = 26.517 + 0.145 URB + 0.078 FOR + 0.055 WTB 

pH = 4.459 + 0.025 AGR                                                    

DO= -2.337+ 0.072 AGR + 0.047 FOR                          

BOD= 5.535- 0.024 AGR + 0.117 URB  
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Scenario 1 

The first scenario is actual land use structure of U-tapao river basin of 

2009. The total area of the basin is about 2305.00 km
2
, the area of agricultural land is 

1696.71 km
2 

(73.62%), forest land is 296.52 km
2
 (12.86%), urban land is 209.06 km

2
 

(9.07%) and water body is 102.57 km
2
 (4.45%). The agricultural land is the 

dominating land use of the basin especially rubber trees which covers the area of 

about 1513.69 km
2
 (65.67%). Other major agricultural practices like rice paddy 

covers area about 103.73 km
2
 (4.50%) and orchard which covers area about 30.42 

km
2
 (1.32%). In the case of forest, the area of evergreen forest is 294.21 km

2
, 

disturbed forest area is 1.99 km
2
 and planted forest area is 0.32 km

2
. In the case of 

urban land, the area of city, town and commercial land is 180.60 km
2
, village area is 

85.89 km
2
, institutional land is 26.10 km

2
, transportation land is 19.77 km

2
 and 

recreation land like golf course is 5.53 km
2
. In the case of water body, the area of 

natural resources like lakes and rivers is 7.24 km
2
, the area of artificial reservoir is 

17.25 km
2
, area of grass and shrub land is 85.77 km

2
, wet land is 6.38 km

2
 and mining 

land is 8.11 km
2
. The land use planning scenario map is given below. 
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Figure 92. Scenario1 map of land use planning of URB 

 

Scenario 2 

The second scenario is the proposed planning map of U-tapao river 

basin. It was prepared by fixing the water body (rivers, lakes and reservoirs) and 

forest land use and allocating the agricultural and urban land in suitability sites. This 

map was prepared on priority basis; the first priority was given to highly suitable land 

of agriculture and second priority was given to highly suitable urban land. Similarly, 

priority was set for moderate and less land use structure (Priority ranking: highly 

suitable for agriculture> highly suitable for urban> moderate suitable for agriculture> 

moderate suitable for urban>less suitable for agriculture>less suitable for urban). 

Total agricultural land is 1765.78 km
2
 (76.62%) including highly suitable for 

agriculture land 304.21 km
2
 (13.20%) and moderately suitable land for agriculture 

1461.57 km
2
 (63.41%). The total urban land is 223.32 km

2
 (9.69%) including highly 
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suitable urban land 217.46 km
2
 (9.43%) and moderate suitable urban land 5.86 km

2
 

(0.26%). The area of forest land is 296.52 km
2
 (12.86%) and water body is 19.38 km

2
 

(0.83%). 

 

 

 

Figure 93. Scenario 2 map of land use planning of URB 

 

Scenario 3 

This third scenario was developed by giving high priority on forest 

land use. On this planning, first priority was given to highly suitable land for forest 

followed highly suitable land for agriculture and followed by highly suitable land for 

urban. Similarly, high priority was given to moderately suitable land and less suitable 

lands (Ranking of priority: highly suitable land for forest, highly suitable land for 

agriculture, highly suitable land for urban, moderately suitable land for forest, 

moderately suitable land for agriculture, moderately suitable land for urban, less 

suitable land for forest, less suitable land for agriculture, less suitable land for urban). 
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During analysis of this process, the total area of forest land is 2046.67 km
2
 (88.79%) 

including highly suitable land for forest about area 1407.83 km
2
 (61.08%) and 

moderately suitable forest area 638.84 km
2
 (27.71%). The total area of agricultural 

land is 76.42 km
2
 (3.32%) and the total area of urban is 162.67 km

2
 (7.06%). The total 

area of water body is 19.24 km
2
 (0.83%). 

 

 

 

Figure 94.  Scenario 3 map of land use planning of URB 

 

Scenario 4 

The fourth scenario was developed by giving high priority to 

agriculture. In this planning process, the first priority was given to highly suitable 

land for agriculture, followed by highly suitable land for forest followed by highly 

suitable land for urban. Similarly, moderate and less suitable land use for same 

ranking process was implemented ( Priority ranking: highly suitable land for 
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agriculture, highly suitable land for forest, highly suitable land for urban, moderately 

suitable land for agriculture, moderately suitable land for forest, moderately suitable 

land for urban, less suitable land for agriculture, less suitable land for forest, less 

suitable land for urban). The total area of agriculture is 845.71 km
2
 (36.69%) 

including highly suitable area for agriculture about 259.09 km
2
 (11.25%) and 

moderately suitable area of agriculture 586.62 km
2
(25.44%). The total area of forest is 

1228.79 (53.31%) including highly suitable area for forest 1223.49 km
2
 (53.08%) and 

moderately suitable area for forest 5.30 km
2
 (0.23%). The total area of urban land as 

highly suitable for urban land is 211.37 km
2
 (9.17%). The total area of water body is 

19.13 km
2
 (0.83%). 

 

 

 

                             Figure 95.  Scenario 4 map land use planning of URB 

Scenario 5 

The fifth scenario was developed by giving high priority to urban. In 

this planning process, the first priority was given to highly suitable land for urban, 



221 
 

followed by highly suitable land for forest followed by that highly suitable land for 

agriculture. Similarly, moderate and less suitable land use for same ranking process 

was implemented ( Priority ranking: highly suitable land for urban, highly suitable 

land for forest, highly suitable land for agriculture, moderately suitable land for urban, 

moderately suitable land for forest, moderately suitable land for agriculture, less 

suitable land for urban, less suitable land for forest, less suitable land for agriculture). 

The total area of urban land is about 815.99 km
2
 (35.40%) including highly suitable 

area is 292.53 km
2
 (12.69%) and moderately suitable area is 523.46 km

2
 (22.72%). 

The total area of forest is 1420.33 km
2
(61.62%) including highly suitable area 

1365.71 km
2
(59.25%) and moderately suitable area is 54.62 km

2
(2.37%). The total 

area of agriculture is 49.55 km
2
(2.15%) and water body is 19.13 km

2
(0.83%). 

 

 

 

 

                              Figure 96.  Scenario 5 map of land use planning of URB 
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Decision Making 

In fact, evaluation of land use planning map is a very complex and 

difficult task. For this, highly skilled experts in this area are needed. Generally, land 

use planning maps are evaluated on subjective basis and experts having huge 

experience on this area, evaluate the planning map. The main drawback of this 

approach is the difficulty to reach to the pin-point conclusion. Also, decision-making 

by subjective process is not free of bias, as the perception regarding a problem can 

diverge from person to person. One cannot expect a decision maker or an expert to be 

highly consistent while dealing with such a subjective process. To overcome this 

problem, many objective based methods are used in evaluation process but most of 

the methods are just concentrated on socio-economic aspects. Therefore, it is 

necessary to develop effective decision making tool to evaluate the land use planning 

map by considering environmental aspect. This study mainly focused to develop a 

decision making tool to evaluate the land use planning map of the river basin based on 

water quality framework. This approach is very new and has been implemented to U-

tapao river basin for the first time. To evaluate the land use planning, five scenario 

maps were prepared as explained above. The decision matrix of the evaluation is 

given on Table 27. 

During evaluation process, the five scenario maps were constructed by 

using GIS technology and the area of land uses of the corresponding scenario maps 

are presented in table 27. In the scenario map of I and II, the dominating land use is 

agriculture whereas for scenario maps of III, IV and V, the dominating land use is 

forest. As mentioned already, in regression models of predicting water quality 

parameters, dependent variables were water quality and independent variables were 
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the percentage of land uses. Analyzing every aspect, the four predicative models of 

water quality parameters (TEMP, pH, DO and BOD) were established in U-tapao 

river basin on linking process of land use and water quality parameters. Putting the 

corresponding values of land use of five scenario maps as independent variables on 

regression equations (i, ii, iii & iv), the expected values of water quality parameters 

are presented in Table 27.  

Analyzing scenario map I, the expected TEMP was 29.07 
0
C which is 

more or less the average water temperature of URB (28.72 
0
C). The expected pH 

value of scenario I was 6.29 and the average pH value of URB was 6.82. Similarly, 

the expected DO of scenario I was 3.56 mg/L and the expected DO of scenario which 

is slightly less than average value of DO of URB (4.16 mg/L) and the expected BOD 

was 4.82 mg/L which is slightly higher than the average value of BOD of URB 3.37 

mg/L. Similarly, the expected values of TEMP, pH, DO and BOD were generated 

from regression equations of remaining four scenario and these values are presented 

in Table 27.  

From water quality aspect, the relatively lower temperature is good for 

water quality of the river. From table 8.1, the lowest temperature 28.97 
0
C was 

generated from the scenario map II. In the case of pH, values below 7.0 indicate 

acidity level of water. In this case, lower pH value is not good for U-tapao river, so 

the highest pH value which is 6.37 was generated from scenario map II. In the case of 

DO, higher DO value indicates the abundance of oxygen in water which is necessary 

for aquatic life. The highest DO value, 3.78 mg/L was generated from scenario map II. 

In the case of BOD, lower value of BOD indicates the higher water quality status, the 

lowest value of BOD, 4.82 mg/L was generated from scenario map I as well as 
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scenario map II. So, land use structure scenario map I reduces the value of BOD 

whereas scenario map II increase the value of DO and pH and also reduced the value 

of BOD. Overall, the scenario map II is good for the land use planning from water 

quality aspect. 

Therefore, this study successfully demonstrated the utilization of 

decision making method to evaluate land use planning map. It is concluded that 

evaluation of land use planning map before implementation is very important and also 

useful for sustainable development of river basin.  

 

Table 27 

Decision matrix of evaluating land use planning maps. 

 

Scenario Area of land use (in %) Water quality parameters of URB 

 AGR FOR URB WTB TEMP pH DO BOD 

I 73.62 12.86 9.07 4.45 29.07998 6.2995 3.56806 4.82931 

II 76.62 12.86 9.69 0.83 28.97078 6.3745 3.78406 4.82985 

III 3.32 88.79 7.06 0.83 34.51197 4.5420 2.07517 6.28134 

IV 36.69 53.31 9.17 0.83 32.05048 5.37625 2.81025 5.72733 

V 2.15 61.62 35.40 0.83 36.50201 4.51275 2.10714 9.6608 
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CHAPTER 9 

CONCLUSIONS AND RECOMMENDATION 

Conclusions 

U-tapao river has been polluted because of various factors over the last 

ten years and its downstream portion is more polluted compared to the upstream. 

Among the factors that polluted the river, the most important ones are; rapid urban 

and industrial expansions, domestic and industrial waste discharge into the river and 

non point sources pollution such as surface runoff. As per the current water quality 

standards, the water quality of U-tapao river does not meet the drinking water quality 

standard of Thailand as well as World Health Organization (WHO) standard and 

water cannot be used for domestic purpose without treatment. Even the status of water 

quality of U-tapao river is slightly polluted, it is not out of control from surface water 

quality management aspect. Awareness program on environmental issues, public 

participatory approach in decision making, promotion of appropriate management 

practices, and modification of land use are among the methods that could be 

implemented to reduce point and non-point sources of pollution.  

Analyzing seasonal variation of water quality parameters, TEMP, pH, 

TUR, NH3 and FCB showed significant seasonal variation. Analyzing the spatial and 

annual variations, TEMP and DO showed significant spatial variation whereas pH, 

BOD, EC, TUR and NH3 showed significant annual variation. TEMP was found to be 

the most sensitive water quality parameter in all types of variation analysis. So, this 

type of understanding of variation of water quality parameters helps the planner to 

select appropriate parameters for effective evaluation and monitoring system of river 
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From correlation analysis of land use with water quality parameters, 

the agricultural   land   did not show any positive relationship with pollutants whereas 

urban land had positive correlation with pollutants. The results of this study indicated 

that converting agriculture land to urban land might be one of the causes of increasing 

non point source pollution in the river system. In this study, four predicative models 

for water quality parameters (TEMP, pH, DO, and BOD) have been successively 

established in the basin level by using multiple regression analysis. These models 

could help to generalize the impact of land use patterns on water quality and 

evaluation of the status of river on changing pattern of lands in the basin.   

From land use perspective, the dominating land use of the basin is 

agriculture especially rubber trees, which cover most parts of the basin. Regarding the 

forest, during a decade period, the area of forest land has increased in a significant 

manner indicating the good reforestation activities in the basin. On the other hand, 

urban land use and water body have also increased rapidly; but agricultural land has 

been decreasing and mostly converted to urban land. From land use management 

aspect, the change of fertile land to urban land is the main problem of the basin. 

For sustainable development, the land resources of river basin should 

be utilized in proper order. On this regard, this study evaluated the land use resources 

of agriculture, forest and urban of the basin. On this process, this study generated land 

use suitability maps of agriculture (rubber), forest and urban by using concept of 

MCDM in GIS environment. In suitability analysis, socio-economic factors like 

livelihood and distance from road and river were included with bio-physical factors. 

Analyzing the suitability land uses of the basin, most of the land of the basin is highly 
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or moderately suitable for all types of land use like agriculture, forest and urban.  

Rubber is the most dominating and important crop for sustainable development of this 

region. Due to various reasons, the area of rubber has been decreasing from last 

decade and it is a very important issue of sustainable development of this region. In 

this region, farmers are getting high benefit from rubber plantation and rubber is also 

supporting to maintain greenery of the basin. This study found that the rubber is 

associated with improved water quality of river. From all these aspects, the study 

strongly suggests to protect rubber trees for agriculture purpose and make local 

farmers aware of the importance of rubber for sustainable development of this region.  

Generally, scenario analysis concept is popular land use planning. In 

this study, different types of scenario land use planning maps were generated by using 

suitability analysis concept of land use in GIS environment. Evaluation of the best 

land use planning scenario is a challenging issue for land use planners. To overcome 

this difficulty, the study forwarded the evaluation methodology to select the best land 

use planning on water quality framework. By using this concept, the sustainable 

development principle based land use planning scenario map was the best on water 

quality framework. The study showed that 76.62% of agriculture land, 12.86% of 

forest land, 9.69% of urban land and 0.83% of water body is an ideal land use 

structure of the basin regarding water quality aspect.  

The concept of evaluation of land use planning on water quality 

framework is simple as well as practical and it can be easily used by the land use 

planners of river basin and Lake Basin management. With slight modification of 

original concept, the local as well as regional planners can use this concept to evaluate 

their regular land use planning maps. Besides these, the concept of this study is very 
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useful for those academic researchers who are interested to link land use with water 

quality parameters and land use planning. The concept of evaluation land use 

planning of the basin on water quality framework can be replicated to other sectors 

with similar background.   

Recommendations 

This study used secondary data that has the possibility of bias and 

limits the generalization of study findings. It is recommended to collect the primary 

data of water quality and land use information from remote sensing approach. After 

that, the relationship of land use and water quality can be established. It is also 

recommended to use more than 10 years data of water quality and land use 

information. To evaluate spatial and temporal variations of water quality parameters, 

multivariate statistical techniques like cluster analysis, factor analysis and principal 

component analysis are recommended.  

To adjust the relationship between land use and water quality, it is 

recommended to adjust more water quality variables and a huge data set of land use 

and water quality parameters. To increase predicative power of regression models, it 

is recommended to adjust water quality related factors like hydrology, climate and 

even socio-economic factors as independent variables. For future research, the 

regression models should be re-evaluated, in this study, only the data of 2000 to 2008 

were used to run the model and the data of the year 2009 were used to test the model. 

It is recommended to use the data of the year 2000 to 2010 to run the model and the 

data of the year 2011 and 2012 to test the model. It is also recommended to evaluate 

the model every year by adjusting the new annual data of land uses and water quality 
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parameters. It is also recommended to perform sensitivity analysis by using Monte 

Carlo Method.  

Besides regression models, artificial neural networking (ANN) 

approach as well as factor analysis/ principal component analysis might be useful  to 

link land uses with water quality. It is also recommended to link land uses with water 

quality in full basin as well as buffer zone spatial scales. Since this study only linked 

land uses of level 1 category with water quality, it is recommended to link land uses 

of level 2 or level 3 with water quality by adjusting more data of the year 2010, 2011 

and 2012.  

In this study, to analyze the land use suitability of agriculture, forest 

and urban, only limited bio-physical and socio-economic factors were selected. It is 

recommended to add more socio-economic factors like land tenure, the price of land 

etc for analysis purpose. In this study, for the purpose weighting factors, only experts‘ 

opinions were counted.  It is recommended to use public opinion for weighting 

different factors by using survey method. It is recommended to use Fuzzy set theory 

concept for rating and scaling of factors and co-factors. 

In this study, only land suitability analysis of level 1 land use category 

like agriculture, forest and urban has been done. It is recommended to do land 

suitability analysis of level 2 or 3 categories.  It is recommended to use multi 

objectives decision making approach for land use planning of U-tapao river basin by 

considering economic, social and environmental factors of the basin.  

In this study, only limited aspects of sustainable principle was done for 

land use planning. It is recommended to adjust more variables of social (equity, 
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health, education, good governance etc), economic (gross domestic product, per capita 

income etc) and environment (air quality, climate change, bio diversity etc.) for 

further land use planning.  

In this study, land use planning scenario maps were generated by using 

GIS technology. It is recommended to develop various land use planning scenario 

maps by utilizing participatory approach. This study tried to develop the evaluation of 

land use planning on water quality framework.  Using similar concept, it is 

recommended to develop the evaluation of land use planning on air quality 

framework, sustainable development framework, biodiversity framework, and 

ecological framework.  
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Limitations of study 

 Secondary data of water quality were collected from Regional Environmental 

Office-16, Songkhla  and  Land use information of the basin were derived by 

using GIS application on the maps provided by Land development department, 

Thailand. The reliability and validity of data of water quality and land uses 

were not evaluated or cross checked considering the reputation of both 

organizations.    

 Division of land use planning, Department of land use survey, Thailand 

classified land uses into three levels. In this study, only the land uses of level 1 

were used to link with water quality parameters since most of land uses of 

level 2 &3 didn‘t show the significant relationship with water quality 

parameters.  

 In this study, sub-watershed spatial scale was used. The percentage of land 

uses (annual) of ten watersheds were linked with the annual average water 

quality data of ten corresponding monitoring stations of river.  

 Besides other methods of linking of land uses with water quality, correlation 

and regression analysis were used to find the relationship of land uses and 

water quality of river. For the case of regression analysis, in this study, 

multiple regression analysis was used. Only land use variable (Agriculture, 

Forest, Urban and Water body) was used to predict water quality by keeping 

other influencing variable as constant or excluded from analysis. Due to 

multicolineartiy effect, only maximum three predictors were used to explain 

water quality. For evaluation of regression models, only longitudinal 

evaluation approach was used.  
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 In this study, for land suitability analysis, the land uses of level 1 (Agriculture, 

Forest and Urban) were only analyzed by using MCDM concept in GIS 

environment. For the land suitability analysis of agriculture, only suitability 

analysis of rubber has been done.  

 For land suitability analysis, only two factors, namely, bio-physical 

(topography, soil and climate) and socio-economic (distance and livelihood) 

were considered. During selection and evaluation of the factors and co-factors 

of land use suitability analysis, only opinions of experts of related field were 

considered. Factors and co-factors were scaled and rated on the basis of 

literature survey, experts‘ opinion and availability of data. To assign weight 

for factors and co-factors, AHP with experts‘ opinion approach was used.  

 In this study, for allocation of land uses of agriculture, forest, urban and water 

body, subjective approach like priority ranking was used. Bio-physical factor 

was given more priority rather than socio-economic factor in land use 

suitability analysis and environmental factor was given high priority for 

sustainable development of river basin.  

 In this study, for land use planning for sustainable development of river basin, 

only protection of forest and natural water resources and water quality of river 

was considered for environmental aspect and allocating land resources for 

agriculture and urban for socio-economic development of the basin.  

 Only the water quality framework of river was used to evaluate the land use 

planning of river U-tapao river basin.  
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Future Research 

 Linkage of land use of the basin with water quality parameters with circular 

buffer zone approach 

 Establish the predicative models of water quality parameters by adjusting 

climate, hydrological and socio-economic factors with land use structure of 

the basin 

 Land use suitability analysis of agriculture, forest an urban in large scale as 

Songkhla lake basin 

 Developing land use planning map by using public participatory approach 

 Developing decision making supporting tool to evaluate land use planning on 

sustainable development framework 
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APPENDIX A 

Water Quality Monitoring Stations of U-tapao River Basin, Thailand 

 

 

ST-1 Sapan langwat huayku 

ST-2 Office of Water Work, Sadao 

ST-3 Mitr Sampan Community 

 ST-4 Sanepong School Bridge 

ST-5 Ban Nam Hua Bridge 

ST-6 Safe Skin Industry 

ST-7 Ban Huathanon Bridge 

ST-8 Ban Takian Pao Bridge 

ST-9 Ban Tha Pho Ok Bridge 

ST-10 Muang Kong Temple Bridge 

ST-11 Ban Prao Bridge 

ST-12 Siam Fibre Board Cooperation 

ST-13 Ban Klong Pom Bridge 

ST-14 Public Works Bridge, Klong Pla 

ST-15 Bangsala Temple Bridge 

ST-16 Hatyai University Bridge 

ST-17 U-tapao Canal Water Gate 

ST-18 Ta Sae Temple Bridge 

ST-19 Narong Nok Temple Bridge 

ST-20 Wat Kutao Bridge 

ST-21 Songkhla Laguna Bridge 

UR-1 Safan ban kutao 

UR-2 Safan ban Narungnok 

UR-3 Safan Ban Maeton 

UR-4 Safan Rotfai 

UR-5 Safan Than Luwang Milake 43 

UR-6 Safan ban Bangsala 

UR-7 Safan Krom Yothathikan Pasa25 

UR-8 Safan Ban Tunglung 

UR-9 Safan Than Luwangmilake 4145 

UC-1 Mid Songkla Bridge 

UC-2 Phankla Canael 

UC-3 Mosque 

UC-4 Prata Cannel 

UC-5 Tom Cannel 

UC-6 Hinlakephi Cannel 

UC-7 Pom Cannel 

UC-8 CrongWa Cannel 

UC-9 Crongwat Cannel 

UC-10 Crongban Cannel 
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APPENDIX-B 

The Surface water quality standard in Thailand 
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APPENDIX C 

Water quality data of different monitoring stations of U-tapao River Basin 
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Appendix D 

Land use classification 

Level 1 Level 2 Level 3 

U Urban and build up 

land 

U1 City, town and 

commercial land 

  

U2 Village 

U3 Institution land 

U4 Transportation land 

U5 Industrial land 

U6 Others 

A Agricultural land A1 Paddy field A1.1 Transplanted Paddy Field 

A1.2 Broadcasted Paddy Field 

A1.3 Abandoned 

A2 Field Crops A2.1 Mixed Fied Crops 

A2.2 Corn 

A2.3 Sugar cane 

A2.4 Cassava 

A2.5 Pine apple 

A2.7 Tobacco 

A2.8 Mungbean 

A2.9 Soybean 

A2.10 Peanut 

A2.11 Kenaf 

A2.12 Jute 

A2.13 Sorgbun 

A2.14 Castor bean 

A2.15 Sesane 

A2.16 Upland rice 

A2.17 Irish potato 

A2.18 Jan potato 

A2.19 Sweet potato 

A2.20 Watermelon 

A2.21 Others 

A3 Perennial crops A3.1 Mixed perennial crops 

A3.2 Para rubber 

A3.3 Oil palm 

A3.4 Kapok 

A3.5 Coffee 

A3.6 Tea 

A3.7 Bamboo 

A3.8 Mulberry 

A3.9 Eucalytus 

A3.10 Casurina 

A3.11 Others 
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Land use classification (continued) 

Level 1 Level 2 Level 3 

  A4 Orchard A4.1 Mixed orchard 

A4.2 Citrus 

A4.3 Durian 

A4.4 Ranbutan 

A4.5 Coconut 

A4.6 Litchi 

A4.7 Mango 

A4.8 Cashev 

A4.9 Jujube 

A4.10 Castard apple 

A4.11 Banana 

A4.12 Tanarind 

A4.13 Longan 

A4.14 Mango 

A4.15 Others 

A5 Horticulture A5.1 Mixed horticultur 

A5.2 Truck crops 

A5.3 Oruck crops 

A5.4 Vineyard 

A5.5 Pepper 

A5.6 Others 

A6 Swidden cultivation A6.1 Upland rice 

A6.2 Corn 

A6.3 Beans and peas 

A6.4 Sesane 

A6.5 Potatoes 

A6.6 Truck crops 

A6.7 Opium poppy 

A6.8 Preparatpry land for fied 

crops 

A6.9 Bush fallow 

A6.10 Others 

A7 Pasture   

A8 Animal farm houses A8.1 Mixed animal farm 

houses 

A8.2 Poultry 

A8.3 Seine 

A8.4 Livestock 

A8.5 Others 

A9 Fishery A9.1 Fish farm 

A9.2 Shrimp farm 

A9.3 Crab farm 

A9.4 Others 
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Land use classification (continued) 

Level 1 Level 2 Level 3 

  A10 Aquatic plants A10.1 Reed 

A10.2 Water Chest 

A10.3 Water chestnut 

F Forest land F1 Evergreen forest F1.1 Tropical rain forest 

F1.2 Dry evergreen forest 

F1.3 Hill evergreen forest 

F1.4 Coniferous forest 

F1.5 Banvoo forest 

F1.6 Fresh water seamp 

forest 

F1.7 Mangrove seamp forest 

F1.8 Beach forest 

F1.9 Others 

F2 Deciduous forest F2.1 Mixed deciduous forest 

F2.2 Dry dipterocarp forest 

F2.3 Bamboo forest 

F3 Forest plantation F3.1 Teak plantation 

F3.2 Coniferous plantation 

F3.3 Bucalyptus plantation 

F3.4 Others 

F4 Disturbed forest   

W Water body W1 Natural water 

resources 

W1.1 Grass land 

W1.2 Bush and shrubs 

W2 Wet land  W2.1 Swamp  

W2.2 Marsh 

W3 Mines W3.1 Operating 

W3.2 Abandoned 

W4 Salt pan   

W5 Rocky 

W6 Beach and sand bar 

M8 Others 

Source: Division of land use planning, Department of land use survey, May 2533.  

 

 

 

 

 

 



262 
 

262 
 

APPENDIX E 

Land use suitability analysis of agriculture (rubber) 

Factor Land use requirement Factor rating 

 Land 

quality 

Factor Unit S1 S2 S3 N 

Bio-

physical 

Climate Mean 

temp 

0
C 20-30 31-33, 

19-17 

33-35, 16-

15 

>35,<15 

Bio-

physical 

Climate  Annual 

rainfall 

mm 1500-2000 2500-

4500 

1200-

1500 

4500-5000 

1100-1200 

>5000 

<1100 

Bio-

physical 

Topograp

hy 

Slope class A,B,C/ 

Flat, 

slightly 

slope 0-2, 

2-5, 5-12  

D slight 

slope 12-

20 

E Slope 

20-35 

>E Higher 

slope >35 

Bio-

physical 

Elevation Altitude m 0-100 100-1000 1000-2000 >2000 

Bio-

physical 

Soil  pH 

value 

pH 5.6-6.5 6.6-7.8 

5.1-5.5 

7.9-8.4 

4.5-5.0 

>8.4 

<4.5 

Bio-

physical 

Soil drainage class Well 

drained/ 

Excessively 

drained 

Moderate

ly well 

drained 

Somewhat 

poorly 

drained 

Poorly 

drained 

Very 

poorly 

drained 

Bio-

physical 

Soil depth  cm >150 50-150 30-50 <30 

Bio-

physical 

Nutrient 

availabilit

y 

Nutrient 

status 

class Very high/ 

high 

Moderate

/ Low 

- - 

Bio-

physical 

Soil class Soil 

texture 

type l, scl, sil, 

si, cl, sicl, 

sic 

sl ls c, g, sc, ac, s 
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Land use suitability analysis of agriculture (rubber) (continued) 

Factor Land use requirement Factor rating 

Socio- 

economic 

Distance Main 

road 

km <1 1-5 5-10 >10 

Socio-

economic 

Distance Rubber 

factory 

km <50 50-75 75-100 >100 

Socio-

economic 

Livelihood Populat

ion 

density 

n/km
2 <200 200-400 400-600 >600 

Socio-

economic 

Livelihood Present 

land 

use 

type agriculture Grass, 

shrub 

forest Urban, 

water body 

 

Note: very high(VH), high(H), moderate(M), low (L), well drained (WD), excessively 

drained (ED), moderately well drained (MD), somewhat poorly drained (SPD), very 

poorly drained (VPD), poorly drained (PD), , agriculture (AGR), grass and shrub 

(GRA & SHB), forest (FOR), urban (URB), water body (WTB) 

Soil texture: loam(l), silty(si), sandy clay loam (scl), silty clay loam (sicl), silty loam 

(sil), sandy clay loam (scl), clay loam (cl), clay loam (cl), sandy loam (sl), clay (c), 

sandy clay (sc), silty clay (sic), sand (s), gravel soil (g) 
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Pair-Wise comparison matrix and weighting 

Level 1: Comparison of Bio-physical vs socio-economic (By Experts’ opinion) 

Expert 1  Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-

economic 

1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2  Bio-physical Socio-economic Weight 

Bio-physical 1 9 0.9 

Socio-

economic 

1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3  Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4  Bio-physical Socio-economic Weight 

Bio-physical 1 9 0.9 

Socio-

economic 

1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5  Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6  Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-

economic 

1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7  Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-

economic 

1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8  Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level 1: Comparison of Bio-physical vs socio-economic (By Experts’ opinion) 

(continued) 

Expert 9  Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10  Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Multiple Decision Making= number of criteria=2,n= number of decision 

maker=10,Range= nk – n= 10*2-10=20-10=10 

 

Factors Bio-

physical 

Socio-

economic 

Rank Rank/range Weight 

Bio-physical 1 10 11 11/10=1.1 0.916 

Socio-economic - 1 1 1/10=0.1 0.084 

    1.2 1.000 

 

Level2: Bio physical (Comparison between topography, soil and climate) 

Expert 1 Factors Topography Soil Climate Weight 

Topography 1 1/3 1/7 0.080 

Soil 3 1 1/5 0.189 

Climate 7 5 1 0.731 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 2 Factors Topography Soil Climate Weight 

Topography 1 3 5 0.624 

Soil 1/3 1 1/7 0.091 

Climate 1/5 7 1 0.283 

CR=CI/RI= 0.0354/0.58 =0.061 < 0.1 (λmax= 3.54) 

Expert 3 Factors Topography Soil Climate Weight 

Topography 1 3 1/5 0.188 

Soil 1/3 1 1/7 0.080 

Climate 5 7 1 0.730 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 4 Factors Topography Soil Climate Weight 

Topography 1 1/3 1/5 0.104 

Soil 3 1 1/3 0.258 

Climate 5 3 1 0.638 

CR=CI/RI= 0.019/0.58 =0.03 < 0.1 (λmax= 3.03) 
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Level2: Bio physical (Comparison between topography, soil and climate)(continued) 

Expert 5 Factors Topography Soil Climate Weight 

Topography 1 3 1/3 0.258 

Soil 1/3 1 1/5 0.104 

Climate 3 5 1 0.636 

CR=CI/RI= 0.019/0.58 =0.03 < 0.1 (λmax= 3.03) 

Expert 6 Factors Topography Soil Climate Weight 

Topography 1 1/3 1/7 0.080 

Soil 3 1 1/5 0.189 

Climate 7 5 1 0.731 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 7 Factors Topography Soil Climate Weight 

Topography 1 3 5 0.624 

Soil 1/3 1 1/7 0.091 

Climate 1/5 7 1 0.283 

CR=CI/RI= 0.0354/0.58 =0.061 < 0.1 (λmax= 3.54) 

Expert 8 Factors Topography Soil Climate Weight 

Topography 1 3 1/5 0.188 

Soil  1 1/7 0.080 

Climate   1 0.730 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 9 Factors Topography Soil Climate Weight 

Topography 1 1/3 1/5 0.104 

Soil 3 1 1/3 0.258 

Climate 5 3 1 0.638 

CR=CI/RI= 0.019/0.58 =0.03 < 0.1 (λmax= 3.03) 

Expert 10 Factors Topography Soil Climate Weight 

Topography 1 3 1/3 0.258 

Soil  1 1/5 0.104 

Climate   1 0.636 

CR=CI/RI= 0.019/0.58 =0.03 < 0.1 (λmax= 3.03) 

Factors Topography Soil climate Rank Rank/range Weight 

Topography 1 6 2 9 9/20=0.45 0.27 

soil 4 1 - 5 5/20=0.25 0.15 

climate 8 10 1 19 19/20=0.95 0.58 

     1.65 1.00 
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Level 2: Socio-economic (Livelihood vs Distance) 

Expert 1  Livelihood Distance Weight 

Livelihood 1 1/3 0.25 

Distance 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2  Livelihood Distance Weight 

Livelihood 1 1/5 0.167 

Distance 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3  Livelihood Distance Weight 

Livelihood 1 1/9 0.1 

Distance 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4  Livelihood Distance Weight 

Livelihood 1 3 0.75 

Distance 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5  Livelihood Distance Weight 

Livelihood 1 5 0.833 

Distance 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6  Livelihood Distance Weight 

Livelihood 1 1/3 0.25 

Distance 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7  Livelihood Distance Weight 

Livelihood 1 1/5 0.167 

Distance 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8  Livelihood Distance Weight 

Livelihood 1 1/9 0.1 

Distance 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9  Livelihood Distance Weight 

Livelihood 1 3 0.75 

Distance 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10  Livelihood Distance Weight 

Livelihood 1 5 0.833 

Distance 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors livelihood Distance Rank Rank/range Weight 

livelihood 1 4 5 5/10=0.5 0.416 

Distance 6 1 7 7/10=0.7 0.584 

    1.2 1.00 
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Level 3: Biophysical: Topography (Slope vs Elevation) 

Level 3: Biophysical: Topography (Slope vs Elevation) 

Expert 1  Slope Elevation Weight 

Slope 1 7 0.875 

Elevation 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2  Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3  Slope Elevation Weight 

Slope 1 5 0.833 

Elevation 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4  Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5  Slope Elevation Weight 

Slope 1 1/5 0.167  

Elevation 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6  Slope Elevation Weight 

Slope 1 7 0.875 

Elevation 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7  Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8  Slope Elevation Weight 

Slope 1 5 0.833 

Elevation 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9  Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10  Slope Elevation Weight 

Slope 1 1/5 0.167  

Elevation 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 
Factors Slope Elevation Rank Rank/range Weight 

Slope 1 8 9 9/10=0.9 0.75 

Elevation 2 1 3 3/10=0.3 0.25 

    1.2 1.000 
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Level 3: Biophysical: Climate (Rainfall vs Temperature) 

Expert 1  Rainfall Temp Weight 

Rainfall 1 7 0.875 

Temp 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2  Rainfall Temp Weight 

Rainfall 1 9 0.9 

Temp 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3  Rainfall Temp Weight 

Rainfall 1 5 0.833 

Temp 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4  Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5  Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6  Rainfall Temp Weight 

Rainfall 1 7 0.875 

Temp 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7  Rainfall Temp Weight 

Rainfall 1 9 0.9 

Temp 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8  Rainfall Temp Weight 

Rainfall 1 5 0.833 

Temp 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9  Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10  Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Rainfall Temp Rank Rank/range Weight 

Rainfall 1 6 7 7/10=0.7 o.58 

Temp 4 1 5 5/10=0.5 0.42 

    1.2 1.00 
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Level 3: Bio-physical: Soil (Drainage, pH, Depth, Nutrient, Texture) 

Expert 

1 

Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 1/3 1/5 1/3 1/5 0.052 

pH 3 1 3 3 1/3 0.238 

Depth 5 1/3 1 3 1/3 0.166 

Nutrient 3 1/3 1/3 1 1/7 0.080 

Texture 5 3 3 7 1 0.461 

CR=CI/RI=0.11/1.12=0.098 <0.1 (λmax= 5.42) 

Expert 

2 

Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 3 1/3 3 1/5 0.121 

pH 1/3 1 1/3 3 1/3 0.091 

Depth 3 3 1 7 1/3 0.292 

Nutrient 1/3 1/3 1/7 1 1/7 0.039 

Texture 5 3 3 7 1 0.455 

CR=CI/RI=0.11/1.12=0.098 <0.1 (λmax= 5.42) 

Expert 

3 

Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 1/3 1/3 5 1/3 0.104 

pH 3 1 1/3 1/3 1/3 0.164 

Depth 3 3 1 7 3 0.424 

Nutrient 1/5 1/5 1/7 1 1/7 0.034 

Texture 3 3 1/3 7 1 0.271 

CR=CI/RI=0.09/1.12=0.08 <0.1 (λmax= 5.39) 

Expert 

4 

Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 1/3 1/3 5 1/3 0.104 

pH 3 1 1/3 1/3 1/3 0.164 

Depth 3 3 1 7 3 0.424 

Nutrient 1/5 1/5 1/7 1 1/7 0.034 

Texture 3 3 1/3 7 1 0.271 

CR=CI/RI=0.09/1.12=0.08 <0.1 (λmax= 5.39) 

Expert 

5 

Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 3 3 5 1/3 0.231 

pH 1/3 1 3 5 1/5 0.137 

Depth 1/3 1/5 1 3 1/7 0.072 

Nutrient 1/5 3 1/3 1 1/9 0.036 

Texture 3 5 7 9 1 0.521 

CR=CI/RI=0.06/1.12=0.05 <0.1 (λmax= 5.24) 

Expert 

6 

Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 1/3 1/5 1/3 1/5 0.052 

pH 3 1 3 3 1/3 0.238 

Depth 5 1/3 1 3 1/3 0.166 

Nutrient 3 1/3 1/3 1 1/7 0.080 

Texture 5 3 3 7 1 0.461 

CR=CI/RI=0.106/1.12=0.09 <0.1 (λmax= 5.42) 
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Level 3: Bio-physical: Soil (Drainage, pH, Depth, Nutrient, Texture) (continued) 

Expert 7 Factor Drainage pH Depth Nutrient Texture Weight 
Drainage 1 3 1/3 3 1/5 0.121 

pH 1/3 1 1/3 3 1/3 0.091 

Depth 3 3 1 7 1/3 0.292 

Nutrient 1/3 1/3 1/7 1 1/7 0.039 

Texture 5 3 3 7 1 0.455 

CR=CI/RI=0.11/1.12=0.098 <0.1 (λmax= 5.42) 

Expert 8 Factor Drainage pH Depth Nutrient Texture Weight 
Drainage 1 1/3 1/3 5 1/3 0.104 

pH 3 1 1/3 1/3 1/3 0.164 

Depth 3 3 1 7 3 0.424 

Nutrient 1/5 1/5 1/7 1 1/7 0.034 

Texture 3 3 1/3 7 1 0.271 

CR=CI/RI=0.09/1.12=0.08 <0.1 (λmax= 5.39) 

Expert 9 Factor Drainage pH Depth Nutrient Texture Weight 
Drainage 1 1/3 1/3 5 1/3 0.104 

pH 3 1 1/3 1/3 1/3 0.164 

Depth 3 3 1 7 3 0.424 

Nutrient 1/5 1/5 1/7 1 1/7 0.034 

Texture 3 3 1/3 7 1 0.271 

CR=CI/RI=0.09/1.12=0.08 <0.1 (λmax= 5.39) 
Expert10 Factor Drainage pH Depth Nutrient Texture Weight 

Drainage 1 3 3 5 1/3 0.231 

pH 1/3 1 3 5 1/5 0.137 

Depth 1/3 1/5 1 3 1/7 0.072 

Nutrient 1/5 3 1/3 1 1/9 0.036 

Texture 3 5 7 9 1 0.521 

CR=CI/RI=0.06/1.12=0.05 <0.1 (λmax= 5.24) 

Factors Drainage pH Depth Nutrient Texture Rank Rank/range Weight 

Drainage 1 4 2 8 - 15 15/40=0.375 0.148 

pH 6 1 4 6 - 17 17/40=0.425 0.168 

Depth 8 6 1 10 4 29 29/40=0.725 0.287 

Nutrient 2 - - 1 - 3 3/40=0.075 0.029 

Texture 10 10 6 10 1 37 37/40=0.925 0.366 
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Level3: Socio-economic: Livelihood ( Population density vs Available land use) 

Expert 1  Population Land use Weight 

Population 1 1/3 0.25 

Land use 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2  Population Land use Weight 

Population 1 1/5 0.167 

Land use 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3  Population Land use Weight 

Population 1 1/9 0.1 

Land use 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4  Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5  Population Land use Weight 

Population 1 5 0.833 

Land use 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6  Population Land use Weight 

Population 1 1/3 0.25 

Land use 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7  Population Land use Weight 

Population 1 1/5 0.167 

Land use 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8  Population Land use Weight 

Population 1 1/9 0.1 

Land use 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9  Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10  Population Land use Weight 

Population 1 5 0.833 

Land use 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Population Land use Rank Rank/range Weight 

Population 1 4 5 5/10=0.5 0.416 

Land use 6 1 7 7/10=0.7 0.584 

    1.2 1.00 
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Level3: Socio-economic: Distance (Distance from main road vs distance from 

factory) 

Expert 1  Road Factory Weight 

Road 1 7 0.875 

Factory 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2  Road Factory Weight 

Road 1 9 0.9 

Factory 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3  Road Factory Weight 

Road 1 5 0.833 

Factory 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4  Road Factory Weight 

Road 1 1/5 0.167  

Factory 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5  Road Factory Weight 

Road 1 1/5 0.167  

Factory 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6  Road Factory Weight 

Road 1 7 0.875 

Factory 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7  Road Factory Weight 

Road 1 9 0.9 

Factory 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8  Road Factory Weight 

Road 1 5 0.833 

Factory 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9  Road Factory Weight 

Road 1 1/5 0.167  

Factory 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10  Road Factory Weight 

Road 1 1/5 0.167  

Factory 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Road Factory Rank Rank/range Weight 

Road 1 6 7 7/10=0.7 o.58 

Factory 4 1 5 5/10=0.5 0.42 

    1.2 1.00 
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APPENDIX F 

Land use suitability analysis of forest 

Factor Land use requirement Factor rating 

 Land 

quality 

Factor Unit S1 S2 S3 N 

Bio-

physical 

Climate Mean 

temp 

0
C 24-28 28-30 30-32 >32,<24 

Bio-

physical 

Climate  Annual 

rainfall 

Mm >2000 1500-2000 1000-

1500 

<1000 

Bio-

physical 

Topograp

hy 

Slope Class <8  8-25 25-45 >45 

Bio-

physical 

Elevation Altitude M <200 200-400 400-1000 >1000 

Bio-

physical 

Soil  pH value pH 5-6 6-7, 4-5 7-8, 3-4 <3, >8 

Bio-

physical 

Soil drainage Class Well drained/ 

Excessively 

drained 

Moderately 

well drained 

Somewha

t poorly 

drained 

Poorly 

drained 

Very poorly 

drained 

Bio-

physical 

Soil depth  Cm >150 100-150 50-100 <50 

Bio-

physical 

Nutrient 

availability 
Nutrient 

status 

Class Very high/ 

high 

Moderate/ 

Low 

- - 

Bio-

physical 

Soil class Soil 

texture 

Type l, scl, sl Ls, sil, sc, 

cl, sicl 

Si , sic, 

sc, 

c, g, ac, s 

Socio- 

economic 

Distance Main road Km >5 4-5 3-4 <3 

Socio-

economic 

Distance River Km <1 1-2 2-3 >3 

Socio-

economic 

Livelihood Population 

density 

n/km

2 

<100 100-200 200-300 >300 

Socio-

economic 

Livelihood Present 

land use 

Type forest Grass, shrub agriculture Urban, 

water 

body 



275 
 

275 
 

Pair-Wise comparison matrix and weighting 

Level 1: Comparison of Bio-physical vs socio-economic (By Experts’ opinion) 

Expert 1 Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-

economic 

1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert2 Bio-physical Socio-economic Weight 

Bio-physical 1 9 0.9 

Socio-

economic 

1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert3 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert4 Bio-physical Socio-economic Weight 

Bio-physical 1 9 0.9 

Socio-

economic 

1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert5 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert6 Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-

economic 

1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert7 Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-

economic 

1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-

economic 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level 1: Comparison of Bio-physical vs socio-economic (By Experts’ opinion) 

(continued) 

Expert 9 Bio-physical Socio-economic Weight 

Bio-physical 1 1/3 0.25 

Socio-

economic 

3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.167 

Socio-

economic 

1/5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

 

 

Factors Bio-physical Socio-economic Rank Rank/range Weight 

Bio-physical 1 8 9 9/10=0.9 0.75 

Socio-

economic 

2 1 3 3/10=0.3 0.25 

    1.2 1.000 

 

Level2: Bio physical (Comparison between topography, soil and climate) 

Expert 1 Topography Climate Soil Weight 

Topography 1 3 7 0.64918 

Climate 1/3 1 5 0.27895 

Soil 0.14287 0.3333 1 0.071924 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 2 Topography Climate Soil Weight 

Topography 1 3 5 0.636986 

Climate 1/3 1 3 0.258285 

Soil 1/5 1/3 1 0.104729 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.038) 

Expert 3 Topography Climate Soil Weight 

Topography 1 5 7 0.730645 

Climate 1/5 1 3 0.188394 

Soil 1/7 1/3 1 0.0809612 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 4 Topography Climate Soil Weight 

Topography 1 1/5 3 0.188394 

Climate 5 1 7 0.730645 

Soil 1/3 1/7 1 0.0809612 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.038) 
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Level2: Bio physical (Comparison between topography, soil and climate) (continued) 

Expert 5 Topography Climate Soil Weight 

Topography 1 5 3 0.636986 

Climate 1/5 1 1/3 0.104729 

Soil 1/3 3 1 0.258285 

CR=CI/RI= 0.0192/0.58=0.032 < 0.1 (λmax= 3.038) 

Expert 6 Topography Climate Soil Weight 

Topography 1 1/3 3 0.258285 

Climate 3 1 5 0.636986 

Soil 1/3 1/5 1 0.104729 

CR=CI/RI= 0.019/0.58 =0.032 < 0.1 (λmax= 3.038) 

Expert 7 Topography Climate Soil Weight 

Topography 1 1/3 5 0.278955 

Climate 3 1 7 0.649118 

Soil 1/5 1/7 1 0.0719274 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 8 Topography Climate Soil Weight 

Topography 1 1/3 7 0.289744 

Climate 3 1 9 0.655355 

Soil 1/7 1/9 1 0.0549004 

CR=CI/RI= 0.0401/0.58 =0.06 < 0.1 (λmax= 3.083) 

Expert 9 Topography Climate Soil Weight 

Topography 1 1/3 1/7 0.08464 

Climate 3 1 1/5 0.70059 

Soil 7 5 1 0.21476 

CR=CI/RI= 0.056/0.58 =0.09 < 0.1 (λmax= 4.1213) 

Expert 10 Topography Climate Soil Weight 

Topography 1 1/3 1/7 0.0809612 

Climate 3 1 1/5 0.188394 

Soil 7 5 1 0.730645 

CR=CI/RI= 0.0302/0.58 =0.055 < 0.1 (λmax= 3.083) 

Factors Topography climate soil Rank Rank/range Weight 

Topography 1 4 8 13 13/20= 0.65 0.3940 

climate 6 1 8 15 15/20= 0.75 0.4545 

soil 2 2 1 5 5/20= 0.25 0.1515 

     1.65 1.0000 
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Level2: Socio-economic (Livelihood vs Distance) 

Expert 1 Livelihood Distance Weight 

Livelihood 1 5 0.833 

Distance 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2 Livelihood Distance Weight 

Livelihood 1 1/5 0.167 

Distance 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3 Livelihood Distance Weight 

Livelihood 1 1/9 0.1 

Distance 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4 Livelihood Distance Weight 

Livelihood 1 3 0.75 

Distance 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5 Livelihood Distance Weight 

Livelihood 1 5 0.833 

Distance 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6 Livelihood Distance Weight 

Livelihood 1 5 0.833 

Distance 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7 Livelihood Distance Weight 

Livelihood 1 1/5 0.167 

Distance 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Livelihood Distance Weight 

Livelihood 1 1/9 0.1 

Distance 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9 Livelihood Distance Weight 

Livelihood 1 3 0.75 

Distance 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10 Livelihood Market Weight 

Livelihood 1 5 0.833 

Market 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors livelihood Distance Rank Rank/range Weight 

livelihood 1 6 7 7/10=0.7 0.5834 

Distance 4 1 5 5/10=0.5 0.4166 

    1.2 1.00 
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Level 3: Biophysical: Topography (Slope vs Elevation) 

Expert1 Slope Elevation Weight 

Slope 1 7 0.875 

Elevation 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2 Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3 Slope Elevation Weight 

Slope 1 5 0.833 

Elevation 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4 Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5 Slope Elevation Weight 

Slope 1 1/5 0.167  

Elevation 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6 Slope Elevation Weight 

Slope 1 7 0.875 

Elevation 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7 Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Slope Elevation Weight 

Slope 1 5 0.833 

Elevation 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9 Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10 Slope Elevation Weight 

Slope 1 1/5 0.167  

Elevation 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Slope Elevation Rank Rank/range Weight 

Slope 1 8 9 9/10=0.9 0.75 

Elevation 2 1 3 3/10=0.3 0.25 

    1.2 1.000 
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Level 3: Biophysical: Climate (Rainfall vs Temperature) 

Expert 1 Rainfall Temp Weight 

Rainfall 1 7 0.875 

Temp 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2 Rainfall Temp Weight 

Rainfall 1 9 0.9 

Temp 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3 Rainfall Temp Weight 

Rainfall 1 5 0.833 

Temp 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert6 Rainfall Temp Weight 

Rainfall 1 7 0.875 

Temp 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert7 Rainfall Temp Weight 

Rainfall 1 9 0.9 

Temp 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert8 Rainfall Temp Weight 

Rainfall 1 5 0.833 

Temp 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert9 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert10 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Rainfall Temp Rank Rank/range Weight 

Rainfall 1 6 7 7/10=0.7 0.58 

Temp 4 1 5 5/10=0.5 0.42 

    1.2 1.00 
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Level 3: Bio-physical: Soil (Drainage, pH, Depth, Nutrient, Texture) 

Expert1 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 1/3 1/5 1/3 1/5 0.052  

pH 3 1 3 3 1/3 0.238  

Depth 5 1/3 1 3 1/3 0.166  

Nutrient 3 1/3 1/3 1 1/7 0.080  

Texture 5 3 3 7 1 0.461  

CR=CI/RI=0.106/1.12=0.09 <0.1 (λmax= 5.42) 

Expert2 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 3 1/3 3 1/5 0.121  

pH 1/3 1 1/3 3 1/3 0.091  

Depth 3 3 1 7 1/3 0.292  

Nutrient 1/3 1/3 1/7 1 1/7 0.039  

Texture 5 3 3 7 1 0.455  

CR=CI/RI=0.11/1.12=0.098 <0.1 (λmax= 5.42) 

Expert3 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 9 3 7 5 0.509348  

pH 1/9 1 1/7 1/3 1/7 0.0312624  

Depth 1/3 7 1 5 3 0.259448  

Nutrient 1/7 3 1/5 1 1/3 0.0617217  

Texture 1/5 7 1/3 3 1 0.13822  

CR=CI/RI=0.07139/1.12=0.06 <0.1 (λmax= 5.28558) 

Expert4 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 7 5 9 3 0.51478  

pH 1/7 1 1/3 3 1/5 0.067303  

Depth 1/5 3 1 5 1/3 0.136494  

Nutrient 1/9 1/3 1/5 1 1/3 0.042610  

Texture 1/3 5 3 3 1 0.23881  

CR=CI/RI=0.0944/1.12=0.08 <0.1 (λmax= 5.37765) 

Expert5 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 5 3 7 1/3 0.268121  

pH 1/5 1 1/3 3 1/7 0.067100  

Depth 1/3 3 1 3 1/5 0.11994  

Nutrient 1/7 1/3 1/3 1 1/9 0.04039  

Texture 3 7 5 7 1 0.50444  

CR=CI/RI=0.0687/1.12=0.053 <0.1 (λmax= 5.275) 

Expert6 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 5 1/3 7 3 0.263843  

pH 1/5 1 1/7 3 1/3 0.065597  

Depth 3 7 1 9 5 0.515339  

Nutrient 1/7 1/3 1/9 1 1/3 0.037016  

Texture 1/3 3 1/5 3 1 0.118204  

CR=CI/RI=0.055/1.12=0.0491 <0.1 (λmax= 5.22) 
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Level 3: Bio-physical: Soil (Drainage, pH, Depth, Nutrient, Texture) 

(continued) 

Expert7 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 3 1/3 3 1/5 0.121  

pH 1/3 1 1/3 3 1/3 0.091  

Depth 3 3 1 7 1/3 0.292  

Nutrient 1/3 1/3 1/7 1 1/7 0.039  

Texture 5 3 3 7 1 0.455  

CR=CI/RI=0.11/1.12=0.098 <0.1 (λmax= 5.42) 

Expert8 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 1/3 1/3 5 1/3 0.104  

pH 3 1 1/3 1/3 1/3 0.164  

Depth 3 3 1 7 3 0.424  

Nutrient 1/5 1/5 1/7 1 1/7 0.034  

Texture 3 3 1/3 7 1 0.271  

CR=CI/RI=0.09/1.12=0.08 <0.1 (λmax= 5.39) 

 

Expert9 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 1/3 1/3 5 1/3 0.104  

pH 3 1 1/3 1/3 1/3 0.164  

Depth 3 3 1 7 3 0.424  

Nutrient 1/5 1/5 1/7 1 1/7 0.034  

Texture 3 3 1/3 7 1 0.271  

CR=CI/RI=0.09/1.12=0.08 <0.1 (λmax= 5.39) 

Expert10 Drainage pH Depth Nutrient Texture Weight  

Drainage 1 3 3 5 1/3 0.231  

pH 1/3 1 3 5 1/5 0.137  

Depth 1/3 1/5 1 3 1/7 0.072  

Nutrient 1/5 3 1/3 1 1/9 0.036  

Texture 3 5 7 9 1 0.521  

CR=CI/RI=0.06/1.12=0.05 <0.1 (λmax= 5.24) 

Factors Drainage pH Depth Nutrient Texture Rank Rank/range Weight 

Drainage 1 9 5 10 4 29 29/40= 0.725 0.2815 

pH 1 1 1 8 - 11 11/40= 0.275 0.1067 

Depth 5 9 1 9 4 28 28/40= 0.700 0.2718 

Nutrient - 2 1 1 1 5 5/40= 0.125 0.0488 

Texture 6 9 5 9 1 30 30/40= 0.750 0.2912 

      103 2.575 1.00 
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Level3: Socio-economic: Livelihood (Population density vs Available land 

use) 

Expert1 Population Land use Weight 

Population 1 1/3 0.25 

Land use 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert2 Population Land use Weight 

Population 1 1/5 0.167 

Land use 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert3 Population Land use Weight 

Population 1 1/9 0.1 

Land use 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert4 Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert5 Population Land use Weight 

Population 1 5 0.833 

Land use 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert6 Population Land use Weight 

Population 1 1/3 0.25 

Land use 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert7 Population Land use Weight 

Population 1 1/5 0.167 

Land use 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert8 Population Land use Weight 

Population 1 1/9 0.1 

Land use 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert9 Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert10 Population Land use Weight 

Population 1 5 0.833 

Land use 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Population Land use Rank Rank/range Weight 

Population 1 4 5 5/10=0.5 0.416 

Land use 6 1 7 7/10=0.7 0.584 

    1.2 1.00 
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Level3: Socio-economic: Distance (Distance from main road vs distance from 

river) 

Expert1 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert2 Road River Weight 

Road 1 9 0.9 

River 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert3 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert4 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert5 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6 Road River Weight 

Road 1 7 0.875 

River 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7 Road River Weight 

Road 1 9 0.9 

River 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Road River Rank Rank/range Weight 
Road 1 3 4 4/10=0.4 0.34 
River 7 1 8 5/10=0.8 0.66 
    1.2 1.00 
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APPENDIX G 

Land use suitability analysis of urban 

Factor Land use requirement Factor rating 

 Land 

quality 

Factor Unit S1 S2 S3 N 

Bio-physical Climate Mean 

temp 

0
C 20-25 15-20, 

25-30 

10-15, 30-

35 

<10, >35 

Bio-physical Climate  Annua

l 

rainfal

l 

mm >200 150-200 100-150 <100 

Bio-physical Topograp

hy 

Slope class <5  5-10 10-15 >15 

Bio-physical Elevation Altitude m 0-100 100-1000 1000-2000 >2000 

Bio-physical Soil drainage class Well drained/ 

Excessively 

drained 

Moderate

ly well 

drained 

Somewhat 

poorly 

drained 

Poorly 

drained 

Very poorly 

drained 

Bio-physical Soil depth  cm >150 50-150 30-50 <30 

Bio-physical Soil class Soil 

texture 

type sandy loamy clayey Rocky/ston

e 

Socio- 

economic 

Distance Main 

road 

km <1 1-5 5-10 >10 

Socio-economic Distance River km >5 4-5 3-4 <3 

Socio-economic Livelihood Populat

ion 

density 

n/km2 1000-2000 800-

1000, 

2000-

2500 

500-800, 

2500-3000 

>3000, 

<500 

Socio-economic Livelihood Presen

t land 

use 

type urban Grass, 

shrub 

agriculture Forest, 

water body 
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Pair-Wise comparison matrix and weighting 

Level 1: Comparison of Bio-physical vs socio-economic (By Experts’ opinion) 

Expert 1 Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-economic 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert2 Bio-physical Socio-economic Weight 

Bio-physical 1 1/3 0.25 

Socio-economic 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert3 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-economic 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert4 Bio-physical Socio-economic Weight 

Bio-physical 1 9 0.9 

Socio-economic 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert5 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-economic 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert6 Bio-physical Socio-economic Weight 

Bio-physical 1 1/3 0.25 

Socio-economic 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert7 Bio-physical Socio-economic Weight 

Bio-physical 1 7 0.875 

Socio-economic 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Bio-physical Socio-economic Weight 

Bio-physical 1 5 0.833 

Socio-economic 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9 Bio-physical Socio-economic Weight 

Bio-physical 1 1/3 0.25 

Socio-economic 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10 Bio-physical Socio-economic Weight 

Bio-physical 1 1/5 0.833 

Socio-economic 5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Bio-physical Socio-economic Rank Rank/range Weight 

Bio-physical 1 6 7 7/10=0.7 0.5833 

Socio-economic 4 1 5 5/10=0.5 0.4167 

    1.2 1.000 
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Level2: Bio physical (Comparison between topography, soil and 

climate) 

 

Expert 1 Topography Climate Soil Weight 

Topography 1 3 7 0.64918 

Climate 1/3 1 5 0.27895 

Soil 1/7 1/5 1 0.071924 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 2 Topography Climate Soil Weight 

Topography 1 3 5 0.636986 

Climate 1/3 1 3 0.258285 

Soil 1/5 1/3 1 0.104729 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.038) 

Expert 3 Topography Climate Soil Weight 

Topography 1 5 7 0.730645 

Climate 1/5 1 3 0.188394 

Soil 1/7 1/3 1 0.0809612 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 4 Topography Climate Soil Weight 

Topography 1 1/5 3 0.188394 

Climate 5 1 7 0.730645 

Soil 1/3 1/7 1 0.0809612 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.038) 

Expert 5 Topography Climate Soil Weight 

Topography 1 5 3 0.636986 

Climate 1/5 1 1/3 0.104729 

Soil 1/3 3 1 0.258285 

CR=CI/RI= 0.0192/0.58=0.032 < 0.1 (λmax= 3.038) 

Expert 6 Topography Climate Soil Weight 

Topography 1 3 7 0.64918 

Climate 1/3 1 5 0.27895 

Soil 0.14287 0.3333 1 0.071924 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 7 Topography Climate Soil Weight 

Topography 1 1/3 5 0.278955 

Climate 3 1 7 0.649118 

Soil 1/5 1/7 1 0.0719274 

CR=CI/RI= 0.032/0.58 =0.055 < 0.1 (λmax= 3.064) 

Expert 8 Topography Climate Soil Weight 

Topography 1 1/3 7 0.289744 

Climate 3 1 9 0.655355 

Soil 1/7 1/9 1 0.0549004 

CR=CI/RI= 0.0401/0.58 =0.06 < 0.1 (λmax= 3.083) 
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Level2: Bio physical (Comparison between topography, soil and 

climate)(continued) 

Expert 9 Topography Climate Soil Weight 

Topography 1 1/3 1/7 0.08464 

Climate 3 1 1/5 0.70059 

Soil 7 5 1 0.21476 

CR=CI/RI= 0.056/0.58 =0.09 < 0.1 (λmax= 4.1213) 

Expert 10 Topography Climate Soil Weight 

Topography 1 5 3 0.636986 

Climate 1/5 1 1/3 0.104729 

Soil 1/3 3 1 0.258285 

CR=CI/RI= 0.0192/0.58=0.032 < 0.1 (λmax= 3.038) 

Factors Topography Climate soil Rank Rank/range Weight 

Topography 1 5 9 15 15/20= 0.75 0.4545 

climate 5 1 8 14 14/20= 0.70 0.4242 

soil 1 2 1 4 4/20= 0.20 0.1213 

     1.65 1.0000 

 

Level2: Socio-economic (Livelihood vs Distance) 

Livelihood Distance Weight 

1 5 0.833 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 3 0.75 

1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 1/3 0.25 

3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 3 0.75 

1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 5 0.833 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 5 0.833 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level2: Socio-economic (Livelihood vs Distance) (continued) 

Livelihood Distance Weight 

1 5 0.833 

1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 1/3 0.25 

3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Distance Weight 

1 3 0.75 

1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Livelihood Market Weight 

1 1/3 0.25 

3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors livelihood Distance Rank Rank/range Weight 

livelihood 1 7 8 8/10=0.8 0.667 

Distance 3 1 4 4/10=0.4 0.333 

    1.2 1.00 

 

 

Level 3: Biophysical: Topography (Slope vs Elevation) 

Expert1 Slope Elevation Weight 

Slope 1 7 0.875 

Elevation 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2 Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 3 Slope Elevation Weight 

Slope 1 5 0.833 

Elevation 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4 Slope Elevation Weight 

Slope 1 1/3 0.25 

Elevation 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level 3: Biophysical: Topography (Slope vs Elevation) (continued) 

Expert 5 Slope Elevation Weight 

Slope 1 1/5 0.167  

Elevation 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6 Slope Elevation Weight 

Slope 1 7 0.875 

Elevation 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7 Slope Elevation Weight 

Slope 1 9 0.9 

Elevation 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Slope Elevation Weight 

Slope 1 5 0.833 

Elevation 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9 Slope Elevation Weight 

Slope 1 1/3 0.25 

Elevation 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 

10 

Slope Elevation Weight 

Slope 1 1/5 0.167  

Elevation 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Slope Elevation Rank Rank/range Weight 

Slope 1 6 7 7/10=0.7 0.5833 

Elevation 4 1 5 5/10=0.5 0.4167 

    1.2 1.000 

 

 

Level 3: Biophysical: Climate (Rainfall vs Temperature) 

 

Expert 1 Rainfall Temp Weight 

Rainfall 1 7 0.875 

Temp 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 2 Rainfall Temp Weight 

Rainfall 1 3 0.75  

Temp 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level 3: Biophysical: Climate (Rainfall vs Temperature) 

Expert 3 Rainfall Temp Weight 

Rainfall 1 5 0.833 

Temp 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 4 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 5 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert6 Rainfall Temp Weight 

Rainfall 1 7 0.875 

Temp 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert7 Rainfall Temp Weight 

Rainfall 1 3 0.75  

Temp 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert8 Rainfall Temp Weight 

Rainfall 1 5 0.833 

Temp 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert9 Rainfall Temp Weight 

Rainfall 1 1/5 0.167  

Temp 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert10 Rainfall Temp Weight 

Rainfall 1 3 0.75  

Temp 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Rainfall Temp Rank Rank/range Weight 

Rainfall 1 7 8 8/10=0.8 0.667 

Temp 3 1 4 4/10=0.4 0.333 

    1.2 1.00 
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Level 3: Bio-physical: Soil (Drainage, Depth, Texture) 

Expert1 Drainage Depth Texture Weight 

Drainage 1 3 5 0.636986 

Depth 1/3 1 3 0.258285 

Texture 1/5 1/3 1 0.104729 

CR=CI/RI= 0.019/0.58=0.03 <0.1 (λmax=3.03851) 

Expert2 Drainage Depth Texture Weight 

Drainage 1 5 7 0.730645 

Depth 1/5 1 3 0.188394 

Texture 1/7 1/3 1 0.0809612 

CR=CI/RI=0.032/0.58= 0.51<0.1 ((λmax=3.06489) 

Expert3 Drainage Depth Texture Weight 

Drainage 1 7 3 0.636986 

Depth 1/7 1 1/5 0.258285 

Texture 1/3 5 1 0.104729 

CR=CI/RI=0.032/0.58= 0.51<0.1 ((λmax=3.06489) 

Expert4 Drainage Depth Texture Weight 

Drainage 1 5 3 0.636986 

Depth 1/5 1 1/3 0.104729 

Texture 1 3 1 0.258285 

CR=CI/RI= 0.019/0.58=0.03 <0.1 (λmax=3.03851) 

Expert5 Drainage Depth Texture Weight 

Drainage 1 3 5 0.636986 

Depth 1/3 1 3 0.258285 

Texture 1/5 1/3 1 0.104729 

CR=CI/RI= 0.019/0.58=0.03 <0.1 (λmax=3.03851) 

Expert6 Drainage Depth Texture Weight 

Drainage 1 3 7 0.649118 

Depth 1/3 1 5 0.278955 

Texture 1/7 1/5 1 0.071925 

CR=CI/RI=0.032/0.58= 0.51<0.1 ((λmax=3.06489) 

Expert7 Drainage Depth Texture Weight 

Drainage 1 1/3 3 0.258285 

Depth 3 1 5 0.636986 

Texture 1/3 1/5 1 0.104729 

CR=CI/RI= 0.019/0.58=0.03 <0.1 (λmax=3.03851) 

Expert8 Drainage Depth Texture Weight 

Drainage 1 1/5 3 0.188394 

Depth 5 1 7 0.730645 

Texture 1/3 1/7 1 0.0809612 

CR=CI/RI=0.032/0.58= 0.51<0.1 ((λmax=3.06489) 
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Level 3: Bio-physical: Soil (Drainage, Depth, Texture)(continued) 

Expert9 Drainage Depth Texture Weight 

Drainage 1 1/3 1/5 0.104729 

Depth 3 1 1/3 0.258285 

Texture 5 3 1 0.636986 

CR=CI/RI= 0.019/0.58=0.03 <0.1 (λmax=3.03851) 

Expert10 Drainage Depth Texture Weight 

Drainage 1 1/3 1/7 0.0809612 

Depth 3 1 1/5 0.188394 

Texture 7 5 1 0.730645 

CR=CI/RI=0.032/0.58= 0.51<0.1 ((λmax=3.06489) 

Factors Drainage Depth Textur

e 

Rank Rank/range Weight 

Drainage 1 6 8 15 15/20= 0.75 0.4545 

Depth 4 1 6 11 11/20= 0.55 0.3334 

Texture 2 4 1 7 7/20= 0.35 0.2121 

    33 1.65 1.00 

 

Level3: Socio-economic: Livelihood (Population density vs Available land 

use) 

Expert1 Population Land use Weight 

Population 1 1/3 0.25 

Land use 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert2 Population Land use Weight 

Population 1 5 0.833 

Land use 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert3 Population Land use Weight 

Population 1 1/9 0.1 

Land use 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert4 Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert5 Population Land use Weight 

Population 1 5 0.833 

Land use 1/5 1 0.167 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert6 Population Land use Weight 

Population 1 1/3 0.25 

Land use 3 1 0.75 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level3: Socio-economic: Livelihood (Population density vs Available land 

use) (continued) 

Expert7 Population Land use Weight 

Population 1 1/5 0.167 

Land use 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert8 Population Land use Weight 

Population 1 1/9 0.1 

Land use 9 1 0.9 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert9 Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert10 Population Land use Weight 

Population 1 3 0.75 

Land use 1/3 1 0.25 

CR=CI/RI= 0/0=0 (λmax= 2) 
Factors Population Land use Rank Rank/range Weig

ht 

Population 1 5 6 5/10=0.6 0.500 

Land use 5 1 6 7/10=0.6 0.500 

    1.2 1.00 

 

Level3: Socio-economic: Distance (Distance from main road vs distance from 

river) 

 

Expert1 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert2 Road River Weight 

Road 1 9 0.9 

River 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert3 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 
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Level3: Socio-economic: Distance (Distance from main road vs distance from 

river)(continued) 

Expert4 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert5 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 6 Road River Weight 

Road 1 7 0.875 

River 1/7 1 0.125 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 7 Road River Weight 

Road 1 9 0.9 

River 1/9 1 0.1 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 8 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 9 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Expert 10 Road River Weight 

Road 1 1/5 0.167  

River 5 1 0.833 

CR=CI/RI= 0/0=0 (λmax= 2) 

Factors Road River Rank Rank/range Weight 

Road 1 3 4 4/10=0.4 0.34 

River 7 1 8 5/10=0.8 0.66 

    1.2 1.00 
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APPENDIX H 

Pair Wise Comparison for priority setting of land use planning of URB 

 HSA HSU MSA MSU LSA LSU Weight Priority 

HSA 1 3 4 5 6 7 0.425726 First 

HSU 1/3 1 3 4 5 6 0.253863 Second 

MSA 1/4 1/3 1 3 4 5 0.14958 Third 

MSU 1/5 1/4 1/3 1 3 4 0.0876558 Fourth 

LSA 1/6 1/5 ¼ 1/3 1 3 0.0516962 Fifth 

LSU 1/7 1/6 1/5 1/4 1/3 1 0.0314791 Sixth 

CR= CI/RI=0.00939/1.24 = 0.075 < 0.1  1.000  

 

Pair Wise Comparison for priority setting of Scenario 3 

 HSF HSA HSU MSF MSA MSU LSF LSA LSU W Priority 

HSF 1 2 3 4 5 6 7 8 9 0.31211 First 

HSA 1/2 1 2 3 4 5 6 7 8 0.22342 Second 

HSU 1/3 1/2 1 2 3 4 5 6 7 0.15546 Third 

MSF 1/4 1/3 1/2 1 2 3 4 5 6 0.10750 Fourth 

MSA 1/5 1/4 1/3 1/2 1 2 3 4 5 0.07385 Fifth 

MSU 1/6 1/5 1/4 1/3 ½ 1 2 3 4 0.05066 Sixth 

LSF 1/7 1/6 1/5 1/4 1/3 1/2 1 2 3 0.034997 Seventh 

LSA 1/8 1/7 1/6 1/5 ¼ 1/3 1/2 1 2 0.024723 Eighth 

LSU 1/9 1/8 1/7 1/6 1/5 1/4 1/3 1/2 1 0.018337 Ninth 

CR= CI/RI= 0.0501/1.24=0.04 < 0.1   
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APPENDIX I 

Multiple Regression Equations 

Model WQP Independent 

variables 

Regression equation R
2
 Adjusted 

R
2
 

F Sig. 

1 TEMP Urban, 

forest, water 

body 

TEMP = 26.517 + 

0.145 URB + 0.078 

FOR + 0.055 WTB 

 

0.655 0.597 11.36 0.000 

2 pH Agriculture pH = 4.459 + 0.025 

AGR 

 

0.319 0.283 8.897 0.008 

3 EC Agriculture EC= -157.698+ 3.0122 

AGR 

 

0.237 0.195 5.597 0.029 

4 DO Agriculture, 

forest 

DO= -2.337+ 0.072 

AGR + 0.047 FOR 

 

0.530 0.495 15.208 0.000 

5 BOD Agriculture, 

urban 

BOD= 5.535- 0.024 

AGR + 0.117 URB 

 

0.560 0.527 17.172 0.000 

6 SS Forest, 

agriculture, 

urban 

SS = -523.033+3.447 

FOR + 7.662 URB + 

6.555 AGR 

 

0.568 0.424 3.948 0.047 

7 DS Forest, 

urban, water 

body 

DS = -6.948+5.551 

FOR + 4.896 URB + 

5.305 WTB 

 

0.563 0.537 21.477 0.000 

8 FCB Agriculture, 

urban, water 

body 

FCB = 329431.478 – 

3669.563 AGR-

2908.470  URB – 

2963.194 WTB 

 

0.507 0.442 7.876 0.001 

9 TUR Agriculture TUR=193.005-2.036 

AGR 

0.222 0.027 1.140 0.346 

10 TP Agriculture TP= 13.299-0.0160 

AGR 

0.250 0.062 1.330 0.313 

11 NO3 Urban NO3=1.092+0.03 URB 0.159 0.129 5.292 0.029 

12 NO2 Forest NO2= 1.390-0.047 

FOR 

0.314 0.143 1.833 0.247 

13 NH3 Urban NH3=0.478+0.03 URB 0.293 0.192 2.895 0.133 
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