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Abstract 

This study analyses administrative arrangements and water resource management of a 

traditional small-scale irrigation system, and identifies the determining factors that 

contribute to a farmer’s decisions to participate in the system. The study aims to 

compare two kinds of irrigation system: the community-based muang fai irrigation and 

underground pump irrigation. The assessment was based on identifying their 

effectiveness in managing irrigation: which system is better in terms of farming 

productivity and water use efficiency. 

 

In northern Thailand, the local northern Thai or Lanna people are primarily employed in 

rice farming, orchards, or growing cash crops. Hence, water is a necessary resource for 

their agricultural activities throughout the year. The muang fai system is a traditional, 

small-scale, communal irrigation system that has been practised for centuries in the 

region. The muang fai irrigation relies on surface water from rivers and streams and is 

managed through community-based participation that has undergone little change for 

generations. The muang fai system is characterised by common property management, 

under which a set of pre-established rules are used to distribute water among members. 

It has its own water user’s association which is administered by its committee, and 

managed by group leaders.  

 

The muang fai Sop Rong system which is located in Chiang Mai province in northern 

Thailand was chosen as a case study. The system was chosen primarily because it still 

preserves certain traditional characteristics, most notably its physical features. The 

irrigation system was built by using natural materials similar to the earliest period.  

 



 

 

The value of this traditional system is currently being challenged by modernisation that 

has been occurring in the region through the introduction of various alternative 

irrigation technologies, including privately-owned, underground pump irrigation. 

Underground water for irrigation is freely available for those who can access it.1  

 

The objective of this study is twofold. The first is to explore various factors that 

influence farmers’ participation in the muang fai irrigation system.  The second is to 

compare the two different kinds of irrigation system, by identifying which regime is 

better in terms of generating economic benefit (measured by farming productivity), and 

environmental benefit (measured by water use efficiency). 

 

The results are based on data collected from a survey of 481 farmers who grow Longan 

which is the main crop growing  in the muang fai Sop-Rong system, one of the largest 

muang fai irrigation systems in Thailand. Longan fruit or ‘Euphoria Longan’ is a 

tropical fruit. It is native to Southern Asia. The fruit is shelled and has a black seed 

shows through the translucent flesh (as shown in Appendix A). The survey was 

conducted among both farmers who are in the muang fai system and underground pump 

users, and collected information on various farming and socio-economic characteristics. 

Additionally, the research team collected samples of water from both muang fai and 

underground (non-muang fai) irrigation sources from randomly selected areas to 

investigate whether the price and quality of Longan fruit were related to muang fai 

water quality. 

 

An econometric analysis was used together with descriptive qualitative information. 

The survey data were used to estimate a Logistic model of muang fai participation in an 

                                                
1 Being free means that the water under the land owned by the farmers is available for him/her to extract, 
unrestricted by others. All that is required is the equipment to extract it. 



 

 

attempt to explain what factors affect the likelihood of a farmer joining the muang fai 

instead of adopting other methods of irrigation, i.e., underground pump irrigation. Then 

the Propensity Score Matching (PSM) technique was applied to estimate the impact of 

muang fai participation on farm productivity and water use efficiency.  

 

The findings suggest the following. Topographical factors, measured by the farm’s 

distance to the closest muang fai canal, strongly affect a farmer’s participation in muang 

fai. However, this physical accessibility is not the sole determinant of participation as 

the results suggest that other variables like farm characteristics and other social and 

economic factors play a role in participation. The size of the farm was also found to be a 

strong predictor of farmer participation. Interestingly the relationship is found to be 

non-linear where participation probability first increases with farm size, but then 

decrease after some point. More experienced farmers also tend to use water from pump 

irrigation rather than from the muang fai system. 

 

A farmer’s economic status, as measured by their total expenditure per person, 

negatively affects the likelihood of participation. Richer farmers tend to use pump 

irrigation from underground water as they have more financial capacity to adopt such a 

costly technology. They are willing to pay for pump installation to have a full control 

over water accessibility on their farmland. Being a muang fai member would not allow 

them to have a full access to water whenever they need it. The decision of water 

accessibility and allocation for the muang fai group is based solely on communal 

decisions.  Social characteristics, as measured by the proportion of muang fai members 

in the village, also strongly affect the probability of participation. After controlling for 

other variables, farmers who live in villages with more muang fai members tend to have 

a higher likelihood of participating in the system.  



 

 

 

The Propensity Score Matching (PSM) analysis demonstrates that joining the muang fai 

increases farm productivity significantly. The productivity increase can be attributed 

primarily to the difference in the quality of their products and eventually the price the 

farmers receive from selling them. This estimated gain is statistically significant and 

robust to various different matching techniques. The econometric results show that 

collective action is effective for irrigation water users of the Sop Rong system. The 

findings also imply that community irrigation water management can contribute to a 

more sustainable irrigation water use and, as a result, to increased agricultural 

production and productivity. 

 

Moreover, it’s also found that the muang fai irrigation system is much more efficient in 

using water. Under the underground irrigation system, the average water use is about 

10,800 cubic metres per rai per year. If these farmers used muang fai irrigation, they 

would reduce their water consumption by almost half (45%). The estimated water 

saving is also statistically significant and quite robust across the different matching 

techniques.  

 

This study has shown how a traditionally managed communal water irrigation system is 

not only better compared to a privately-owned underground pump irrigation in 

conserving water, but also better in improving the livelihood of most farmers. These 

findings also contribute to the debate over whether common property or private 

property is the most appropriate institution in managing water resources in developing 

countries.   

 



 

 

Thus the findings of this study have demonstrated the importance of the muang fai 

traditional systems to the livelihood of farmers, as well as its usefulness in conserving a 

scarce resource. Thus, these findings provide a policy rationale for the government to 

seek to encourage the preservation of the traditional muang fai irrigation system, as well 

as to seek to develop and improve such traditional systems.   
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Chapter 1 

Introduction 

 

1.1 Background and Motivation 

In many developing countries millions of poor people rely on agriculture. Improving 

agricultural productivity is considered to be one of the most important strategies for 

alleviating poverty in rural areas (Warr & Yusuf, 2010). Water is an essential input for 

agricultural production. In fact, the agriculture sector is the biggest user of water 

resources. In many places, without an adequate supply of irrigated water, the 

agricultural sector cannot serve its essential role in producing commodities required by 

rural communities. Poor rural and agricultural households benefit from irrigation 

through higher production, higher yields, lower risk of crop failure, and the ability to 

engage in off-farm employment, resulting in higher annual incomes (Hussain & Hanjra, 

2004).  

 

Poor access to irrigation has contributed to the slow progress in alleviating poverty in 

many parts of the world (Bhattarai & Narayanamoorthy, 2003). During the past 40 

years, agricultural growth in sub-Saharan Africa has barely kept pace with population 

growth. This situation has to a large extent contributed to low levels of investment in 

agricultural water management, which in turn has prevented the acceleration of broad-

based agricultural growth (Hanjra, Ferede, & Gutta, 2009). In other regions, such as in 

some Asian countries, water can become scarce due to increases in demand for on-farm 

water use, seasonal water use (such as during rainy seasons when the irrigation water is 
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not used), or when there is an unequal distribution of irrigation water among farmers 

(Bhattarai, Sakthivadivel, & Hussain, 2002). 

Despite being promoted widely, large-scale irrigation, as a mean to increase agricultural 

productivity, is not a universal solution. Many rural households live in regions that are 

not suitable for building a large-scale irrigation system. Other factors, particularly the 

lack of financing, also prevent poor people from accessing water from large dams. In 

Thailand, due to high investment costs, large and medium-scale irrigation systems have 

not yet managed to provide adequate water to a large number of farmers who still rely 

on dryland agriculture. This condition contributes to the stagnant improvement in the 

welfare of farmers in rural areas (Adams, Brockington, Dyson, & Bhaskar, 2002). 

 

The inadequacy of large-scale irrigation systems to serve all irrigation needs in 

developing countries has turned the attention of both policy makers and academics 

towards small-scale, traditional irrigation systems. The traditional irrigation system is 

usually communally managed by local farmers who are members of the system. There 

are numerous small-scale traditional irrigation systems in many parts of the world. 

Some of them, such as the system in Northern Thailand, have survived for hundreds of 

years (Surarerks, 1986).  

 

There is a large body of evidence that the localised institution of water resource 

management has survived for generations and has efficiently allocated water for 

agriculture in many countries (Manor & Chambouleyron, 1993). This evidence is one of 

the primary foundations of Ostrom’s (1990) Theory of Common Pool Resources (CPR), 

which states that CPR, such as water for irrigation, can be managed independently and 

effectively by their users without being privatised or handed over to a centralised 

government. 
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In Thailand, the traditional irrigation system plays an important role in the country's 

agricultural sector, especially in the northern highlands. In other regions of Thailand, 

such as the western region, large-scale irrigation systems act as the main source of 

irrigation water as a result of the mountainous topography. In northern Thailand, local 

agricultural communities have widely adopted and practised a more-than-700-years-old 

traditional, communal irrigation system known as ‘muang fai’ (Surarerks, 1986, p.13).  

 

The muang fai system has a long history, where people in the community have been 

applying their local knowledge of the irrigation system to manage water for agricultural 

purposes (Wichienkiew, Sattayawattana, Panitchayakul, Boonkamyoang, Na-Pompetch, 

& Chanhom, 2003, p.120; Surarerks (2006, p.44). To date, the northern Thai people 

have relied heavily on natural resources such as water and the forest, for their 

livelihoods. The local knowledge and cultural management of agricultural water has 

been transferred from generation to generation. Consequently, knowledge regarding 

effective water management has been preserved. This unique form of water 

management emphasises self-reliance and co-operation among its members (Surarerks, 

2006, p.2). The distinct cultural characteristics of this communal resource management 

at the village level stems from family-based cooperation and collaboration between 

small water user groups. 

 

The value of this traditional system is currently being challenged by modernisation that 

has been occurring in the region through the introduction of various alternative 

irrigation technologies, including privately-owned underground pump irrigation. The 

use of underground water for irrigation is freely available for those who can access it.  
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The continued existence of muang fai in northern Thailand has been the subject of 

various studies. This study investigates various factors that contribute to the 

survivability of this irrigation system by exploring the determinants regarding farmer 

adoption as well as providing estimates of the benefits of this adoption. Unlike most 

other studies2, this study uses quantitative approaches and explores adoption of muang 

fai from an economic perspective. In doing so, we aim to identify the reasons behind the 

continued existence of the muang fai system. These findings will contribute to the 

debate over whether common property such as muang fai, or private property, is the 

right institution for managing water resources in developing countries. 

 

1.2 Research Scope and Objectives 

Thailand is a country that depends chiefly on agriculture. Therefore, irrigation plays a 

key role in the economy, particularly in regards to the livelihood of farmers in rural 

areas. Thailand’s irrigation systems vary widely, depending on the geographical region. 

In the north, the traditional water irrigation system of muang fai, that has been practiced 

for generations, is the dominant irrigation system.  

 

This study uses the muang fai, Sop Rong, which is located in the Chiang Mai Province 

of northern Thailand, as a case study. It was chosen primarily as its traditional 

characteristics, most notably its physical features, have been preserved. The irrigation 

system was built by using natural materials such as river stones and tree branches, 

similar to those used/found in the earliest period of Thai history. In this particular area, 

there are a large numbers of farmers who also use alternative irrigation systems, namely 

underground pump irrigation. Both types of irrigation co-exist in the region, making it 

                                                
2 As will be explored in the chapter on literature review. 
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possible to compare and contrast the two different irrigation systems, particularly 

examining why famers choose one system over the other, as well as their relative 

performances. 

 

In general, the objective of this research is to explore various factors that influence a 

farmer’s decision to participate in the muang fai irrigation system, and to compare two 

kinds of irrigation systems: the community-based muang fai irrigation system and the 

underground pump irrigation system. This assessment is based on identifying which 

system is better in terms of farming productivity and water use efficiency.  

 

The specific objectives of this study are as follows: 

1. To identify the determining factors that contribute to a farmer’s decisions to 

participate in the muang fai irrigation system. Such factors to be explored are 

demographic, educational, socio-economic, and community characteristics of 

farmers. 

2. To investigate the benefits of participating in the muang fai irrigation system by 

estimating the productivity gain from adopting muang fai compared with 

underground irrigation systems.  

3. To investigate whether or not (and to what extent) farmers who are members of 

the muang fai irrigation system use water more efficiently than farmers with 

alternative sources of irrigation. 

 

1.3 Methodology 

To achieve the aforementioned research objectives, a survey of 481 Longan (the main 

crop in the region) growing farmers in the muang fai Sop Rong system, one of the 

largest muang fai irrigation systems in Thailand, was conducted. The survey included 
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farmers using the muang fai system as well as underground pump users, and collected 

information on various farming and socio-economic characteristics.  

 

The data from the farmer survey3 were used to estimate a logistic model of muang fai 

participation to explain what factors might affect the likelihood of a farmer joining the 

muang fai instead of adopting other methods of irrigation, ie., underground pump 

irrigation. Various farming characteristics such as distance to the muang fai canal and 

farm size, as well as other socio-economic characteristics of the farmers, were included 

in the model. Estimates of the logistic model were able to identify the key factors 

determining farmer's adoption of the muang fai system.  

 

To estimate the impact and/or benefit of muang fai adoption, the Propensity Score 

Matching (PSM) technique (Dehejia & Wahba, 2002), a method borrowed from the 

impact evaluation literature, was employed. This method was chosen firstly, as the 

decisions of farmers are analysed ex post, and secondly, the data collected were time-

invariant. This approach enabled estimates to be made of the impact of muang fai 

participation on two indicators, namely farm productivity and water use efficiency. 

 

1.4 Expected Contribution 

The expected contribution of this thesis is three-fold.  Firstly, the findings will add to 

the literature on traditional communal water irrigation systems as well as common 

property resources in general. Our findings show that muang fai irrigation systems, 

which are to a large extent characterised by the famous Ostrom’s principle of CPR, still 

function effectively today The key factors contributing to the adoption of muang fai 

irrigation systems by farmers have also been identified.  
                                                
3 The full dataset is available at: http://tinyurl.com/muangfai    
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Secondly, this thesis will contribute to the literature on the study of the muang fai 

irrigation system through the application of more quantitative and statistical analysis 

which has been absent in other studies. Lastly, the findings of this thesis may also have 

policy implications for the preservation of the traditional muang fai irrigation system. 

Policy makers in the Thai government and wider community will benefit from the 

findings regarding (a) the importance of these traditional systems to the livelihood of 

farmers, (b) the significance of muang fai water quality which is a driver of price 

premiums and quality of agricultural production, and (c) the valuation of local 

knowledge of the muang fai irrigation systems, to help them formulate policies for their 

conservation.  

 

1.5 Outline of the Thesis 

The current thesis is structured as follows. 

 

Chapter 1: Introduction 

This chapter outlines the scope and structure of the research. The chapter discusses the 

background and motivation for this research, details the research questions and 

objectives, outlines the research process, and highlights the expected contributions of 

the current thesis. 

 

Chapter 2: Literature Review 

This chapter examines the literature on the impact of adopting traditional irrigation 

water resources on agricultural production and water conservation. In addition, this 

chapter also compares and contrasts the pattern of irrigation water management methods 
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of other countries with Thailand. The chapter also looks at the variables that influence 

adoption. 

 

Chapter 3: Research Methodology 

This chapter provides a comprehensive description of the methodology employed in this 

study. It presents details on the sampling design and the data collection method. The 

chapter also details the design of the questionnaire. The discussion related to Table 3.1 

contains the specific hypotheses that were developed to guide the study.  

 

Chapter 4: Study Area’s Geographic and Socio-Economic Conditions 

This chapter provides a geographical description of the study area in Thailand where the 

traditional irrigation system of muang fai is located. The chapter explores the 

characteristics of the irrigation system as well as the farmer’s social and economic 

status. The chapter also discusses technical specifications and management of the 

irrigation system. 

 

Chapter 5:  Estimating the Determinants of Farmer Participation 

This chapter discusses results of the logistic regression, identifying the main factors that 

determine a farmer’s decision to join the muang fai system instead of adopting other 

irrigation methods such as underground pump irrigation.  

 

Chapter 6:  Estimating the Impact of Muang fai Participation 

This chapter uses the Propensity Score Matching (PSM) method to quantitatively 

analyse the effectiveness of traditional communal water irrigation systems such as the 

muang fai system, compared with the modern, privatised pumping irrigation system. 

This chapter also examines the criteria used to determine the economic (measured by 
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farm productivity) and environmental (measured by water use efficiency) 

impacts/benefits of muang fai participation. 

 

Chapter 7:  Conclusion 

The chapter summarises the research findings and contributions to the literature, and 

discusses implications for broader irrigation water resource development in Thailand. 

The chapter provides recommendations for future research that will help to improve the 

sustainability of traditional irrigation water in Thailand. 
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Chapter 2 

Literature Review 

 

2.1 Introduction 

In this chapter, a structured literature review is presented in an attempt to answer the 

following questions:  

(1) What are small-scale traditional irrigation systems? How are they managed? Do they 

share similarities?  

(2) Has irrigation in general improved the welfare of farmers, and if yes, what 

characterises the improvement?  

(3) Has small-scale traditional irrigation also improved farmer welfare? If yes, how 

exactly does it improve the farmer's livelihood? What is the role of small-scale 

traditional irrigation compared to general or large-scale irrigation?  

(4) Is water efficiency or water conservation improved by the small-scale traditional 

system?  

(5) If there is any benefit of small-scale traditional systems, what factors affect the 

adoption of such a system among farmers, villages, or regions?  

These questions are relevant in the context of the research questions to be addressed in 

the rest of this thesis.  

 

In reviewing and discussing how the literature has addressed these questions, this 

chapter is organised as follows. The first section describes what constitutes small-scale 

and traditional irrigation and its characteristics, including their physical structure, water 

allocation rules, as well as their management and social arrangements. The second 
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section discusses the general literature on the link between irrigation and farmers’ 

welfare. Evidence from various countries on the mechanism by which irrigation can 

improve farmers’ income is discussed in this section. The next section contains a 

follow-up discussion focusing more on small-scale traditional systems, particularly the 

extent to which they could play a role in improving farmers’ livelihoods. Specific 

attention is focused on the distinct role of the small-scale traditional system in 

improving the welfare of farmers. Next, the role of small-scale traditional systems in 

relation to water conservation is examined. This is followed by a section identifying the 

factors influencing the adoption of the small-scale irrigation systems, and finally some 

conclusions are drawn. 

 

2.2 Traditional, Small-scale Irrigation Systems 

Irrigation has been instrumental in sustaining growing populations through expanding 

the supply of food. Archeological traces, historical documents, and ethnographic cases 

indicate that the most common and enduring systems are irrigation systems that have 

particular characteristics such as being small, locally built, farmer managed, and 

adapted to a variety of environments (Mabry, 1996). They are basically small-scale and 

traditional systems.  

 

The traditional irrigation system can be seen where people in a community get together 

to form a group as one entity in order to manage irrigation water resources. The main 

concept is to apply their social culture, which consists of knowledge, beliefs, and 

customs as well as all other local knowledge to manage the natural resource used 

(Sordalen, 2011). The muang fai irrigation system is one example of a traditional, 

small-scale, communal irrigation system that has been practised for centuries in 

northern Thailand.  
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There are various types of institutional arrangement ranging from government 

controlled to market-based (North et al. 2002; Williamson 1986). As discussed below, 

there are also many levels of farmer involvement. Muang fai is a communally based 

irrigation institution that has limited government involvement, and a high level of 

farmer participation in the management of the scheme. There is also communal supply 

of labour in the maintenance of the canal system. 

 

2.2.1 Physical Structure 

In general, traditional irrigation systems are constructed to control water flow by using 

locally available natural materials that are easy to find, such as stones, sand, bamboo 

sticks, wooden poles, and bundles of branches. The materials are laid to obstruct the 

waterway to form a weir that is well adapted to the local environment, and technically 

efficient in performance (Laan, 1984). Nonetheless, at present some of these systems 

have been improved and replaced by concrete constructions built with government 

support (Lertwicha & Wichienchai, 2003). 

 

The traditional process is applied in the case of the muang fai irrigation system, which 

uses mainly rocks and sticks to build the headwork weir. In principle it is like other 

systems even though materials may vary to suit local conditions. For example, the subak 

system in Bali, Indonesia, is another traditional system where farmers cut tunnels 

through the rock, and construct canals and bamboo piping systems to carry water to the 

top of terraced rice fields (Suarja & Thijssen, 2003). 

 

Prior to constructing a traditional irrigation system, the characteristics of topography 

such as the slope of the hill, speed of water flow, fluctuation of water height, erosion, 

flooding level, and water requirements for farming are generally considered (Na-
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Tarang, 2001). Thus, the topographical characteristics play an important part in 

choosing the most suitable location to build these systems. As in the case of the muang 

fai system in northern Thailand, the most suitable topography to build the weir is mainly 

where there are high mountains and steep river valleys (Ounvichit, 2007).  This also 

applies to various farmer-managed irrigation systems in Nepal, where the systems rely 

heavily on surface water from rivers and streams (Bastakoti et al., 2010). Likewise, the 

subak farmer-managed irrigation system for rice fields in Bali, Indonesia, shares similar 

topographic characteristics and physical structures to the muang fai. They both rely on 

water from large streams and rivers that flow from a landscape of rocky mountains. 

Other than topography, the subak system also carefully considers the conditions of 

hydrology, soil, climate, and river stream flows (Roth, 2011).  

 

Other traditional, farmer-managed irrigation systems that share similar physical 

structures to the muang fai system  include: the chamazi and vinyungu in Tanzania 

(Kaswamila & Masuruli, 2004); the zanjera system in the Philippines; and other 

traditional irrigation systems in the Amhara regions of Ethiopia (Adgo et al., 2007; 

Deribe, 2008) and the Gilgit district in Pakistan (Alam, 2012). Additionally, farmers 

also take into account local native knowledge to consider the conditions of soil, climate, 

topography and hydrology in order to make a decision on how to operate and maintain 

the irrigation system. This is especially the case in Amhara (Adgo et al., 2007) because 

like muang  fai, they have been using it for centuries. While technical progress can 

trump longevity, it does seem worthwhile to investigate the reasons for the long-term 

existence of such systems. 
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2.2.2 Water Allocation 

Water allocation in a traditional or locally-managed irrigation system is usually 

designed to ensure that the distribution of water is always fair, reliable, and equitable. 

For example, it ensures fair distribution of water among upstream and downstream 

farmers, resulting in fewer problems in regard to overuse of water.  

 

Typically, water allocation rules refer to the amount of water needed to irrigate a given 

area of land. There are at least three basic modes of water allocation among farmers in a 

traditional irrigation system (Dayton-Johnson, 2003). These include: (1) equal division - 

all households that are members of the irrigation group receive an equal water share; (2) 

proportional to land-holding size - households receive a water share proportional to the 

size of their land-holding; and, (3) crop water requirements - water shares differ 

according to the water requirements of the different crops grown.  

 

The equal division rule is practiced among Thepani Panchayat village systems in India 

Subak in Bali, and muang fai in Northern Thailand, where water is allocated equally 

regardless of differences in farm size. In contrast, water is allocated according to the 

area of the land-holding for the Raj Kulo system in Nepal  and Huerta in Spain. In 

Huerta, however, during times when water is scarce, water can be allocated based on 

the value of the crops grown (Dayton-Johnson, 2003; Ounvichit, 2007).  

 

2.2.3 Management and Social Arrangements 

In the context of traditional irrigation systems, irrigation water is usually communally 

managed by local farmers who are members of the system. A chosen management team 

is responsible for any daily management issues that occur and is required to manage the 

distribution of water fairly, according to individual needs (Laan, 1984). Laan (1984) 
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investigated traditional small-scale irrigation systems along the Senegal River valley 

and confirmed that there are many factors that contribute to the expansion of small-scale 

irrigation systems. One important factor identified was the efficiency of the irrigation 

systems’ management. 

 

Both upstream and downstream farmers gain advantages from working with each other. 

Traditional systems generate social benefits as a result of the existence of respect among 

every member and every age group, which is an important value, especially in rural 

society. Traditional systems also ensure that social activities among members are 

maintained, reflecting the importance of relationships among individuals (Laan, 1984). 

The traditional subak system, for example, manages irrigation water with the purpose of 

ensuring farmers have a fair, reliable, and equitable distribution of water (Suarja & 

Thijssen, 2003). The acequia system of New Mexico is similar to this (Crawford, 1993). 

 

Self-managed irrigation systems are characterised by common property management, 

under which a set of pre-established rules are used to distribute water among members 

(Ounvichit, 2007). In the muang fai system, water is regarded as a common property 

resource and is managed independently and effectively by a communal group of farmers 

in the community, without being privatised or administered by the government (Ostrom, 

1990). Water management decisions are based on mutual understanding and guided by 

social norms and values (Bastakoti et al., 2010). 

 

The traditional muang fai, zanjera and subak systems share some similar management 

features, including being managed by a small group of water users. The members or 

water users are not necessarily from the same village, and the leader of these irrigation 

systems is nominated by members of the group (Coward, 1977). For example, the 
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muang fai system has its own administrative arrangement to manage and oversee water 

allocation within the community. The system includes a group of muang fai 

administrators as well as water user members (Neef et al., 2006).   

 

The muang fai and subak systems have similar criteria for selecting a leader to 

supervise, operate, and manage the systems. One of the selection criteria is being a 

member for longer than ten years. In both systems, the administrative system 

emphasises the sincerity of the person rather than financial reward. In these traditional 

irrigation systems, members rely on their leader to confirm the agreement and the water 

management rules, as they generally trust the leader to play a crucial role in operating 

and maintaining the system.  Change in the management of the system is discussed in 

Section 4.3.3. 

 

The leader of these systems is elected by all members and is normally a person who is 

well respected and trusted to manage the system (Deribe, 2008). The leader usually uses 

their local knowledge and social agreement, combined with many years of adaptive 

learning that increases their efficiency, in maintaining the performance of the irrigation 

system (Bastakoti et al., 2010). All members of the system, however, participate in the 

management of these systems in that the head of the group can call for meetings to 

discuss and decide on important issues such as planning for water allocation, solving 

disputes, and system maintenance (Suarja & Thijssen, 2003). This ensures that farmers 

work together. 

 

The rules and responsibilities related to water management, such as the duties and 

responsibilities of managers as well as members, are usually clearly defined and 

prescribed. The members of the system follow the rules and responsibilities that all 
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members have to agree and act upon (Windia, 2010). For example, members are 

obligated to participate in annual cleaning and repairing of the weirs. Each member has 

to obey set rules when participating in group meetings, canal cleaning, paying fines, and 

other related activities. Any member that doesn’t follow the rules can be fined and 

punished (Surarerks, 2006). The fine and punishment are generally reasonable and 

correspond to the responsibilities that they were obligated to deliver.  

 

Each management group has an annual meeting that is very important for every member 

to attend to discuss any water-related issues. Members benefit from gathering together 

to share opinions, consult each other, or solve water usage disputes. At the meeting, 

people can discuss community matters and raise any administrative problems within the 

community. However, the most important topic for discussion when villagers get 

together is the arrangement for water allocation.   

During the meetings, irrigation-related matters are discussed by all members and 

disputes are typically settled through consensus or voting. Decision processes are 

democratic, in the sense that a majority of users are required to participate in a 

modification of the rules. In the subak system, for example, all the obligations and 

responsibilities are distributed equally among the members, regardless of social or 

family status. The obligations are in proportion to the amount of water the members 

receive for their irrigation (Suarja & Thijssen, 2003). This is entirely a co-operative 

activity among members of the system. Farmers who have less farmland offer less 

labour for system maintenance. 

 

According to Tapay et al. (1987) in the Philippines, the zanjera is the communal 

irrigation system set up to coordinate the management of various irrigation systems. The 

membership of each zanjera system varies. Some systems consist only of land owners, 
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or only of tenants, while other systems are mixed. The primary objective of the zanjera, 

which is shared by all other small-scale communal systems, is to provide stable and 

reliable water supply to all members, planning system maintenance, and resolve 

conflicts within the system (Tapay et al., 1987). Additionally, Tapay et al. (1987) 

revealed that members were urged to be involved in the decision-making process for 

management of the system. The performance of the overall system is better when more 

members are involved in the decision-making process. For example, daily consultation 

regarding an individual’s water requirement for crops can result in an increase in 

productivity.  

 

One of the most important features of traditional irrigation systems in many countries is 

their flexibility to achieve progressive adaptation over time (Ostrom, 1999). This 

adaptation has helped to deliver solutions for future conflicts and problems that may 

occur in the system.  Suarja and Thijssen (2003) revealed that community management 

of irrigation water, such as in the subak system in Bali, is an effective and efficient 

management method as it allows the system to adapt over time (Suarja & Thijssen, 

2003).  

 

Another important feature of traditional irrigation systems is that they are recognised by 

government and other authorities as a self-organised entity. This classification grants 

users the right to organise and manage the system without interference from outside 

authorities. In the case of the muang fai, government recognises the muang fai group as 

one entity. While the government occasionally provides financial support for 

construction to improve the system, the government and/or other outside institutions do 

not interfere with the management aspects of the system (Ounvichit, 2007).  
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Lansing (1991) noted that the subak system is regarded as an institution separated from 

the authority of village. It is recognised by other authorities, including the government, 

as a community institution whose members consist of all the farmers that acquire water 

from the same canals. The system has established its own rules and regulations to 

operate without interference from the government. A study by Roth (2011) found that 

when the government took control over the management of the water resource, such as 

in the case study of the subak in Alam Buana in South Sulawesi (outside Bali), the 

performance of the system was not as good as the subak system in Bali, where it was 

solely managed by the farmers.  

 

Similar to the case of Subak in Bali, the elected management is pivotal in other areas 

such as in Senegal River Valley as discussed in Laan (1984). Any daily issues that arise 

are usually the responsibility of a chosen management team (Laan, 1984). They have 

the authority to manage the distribution of water fairly, according to farmers’ needs.  

In general, traditional irrigation systems have adapted over time4. If there are any 

conflicts or problems within the system, they have generally been effectively solved. 

This capacity for solving problem has always been seen as strength of this type of 

irrigation system. 

 

2.3 Irrigation and Farmer Welfare 

Water is essential for agriculture and agriculture plays a crucial role in the process of 

economic development, particularly poverty alleviation. In most developing countries, 

the process through which the improvement of people’s welfare takes place involves a 

typical pattern of economic restructuring. In the early part of development, countries 

                                                
4 As Ostrom 1999 suggests an adaptive systems is “a systems composed of interacting agents described in 
terms of rules. These agents adapt by changing their rules as experience accumulates. Complex adaptive 
systems exhibit coherence under change, via conditional action and anticipation, and they do so without 
central direction” (Ostrom, 1999, p.521). 
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rely predominantly on agriculture. However, their economic activities gradually change, 

first to manufacturing, and then to services. The process of poverty reduction begins in 

the first stage of agricultural development. Demographic change also occurs during this 

process, with the population becoming more and more urbanised. Typically, people who 

live in the urban areas work in the manufacturing and service sectors of the economy 

and are more prosperous than those living in rural areas. In this phase, progress in 

agricultural development, including growth in agricultural productivity, plays an 

important role in determining the rate of poverty alleviation.5 Irrigation systems like 

muang fai can assist in sustaining agricultural productivity, and help reduce the inequity 

between rural and urban workers that can arise as development takes place.   

 

Challenges in improving agricultural productivity vary from country to country. It 

depends on many aspects such as climate, geography, as well as socio-economic factors. 

One of the most important similarities between countries, however, is the need for 

irrigation. There is a strong inverse relationship between irrigation and poverty (Hussain 

& Wijerathna, 2004). Where there has been poor access to irrigation, the progress 

towards poverty alleviation has been slow. The extent of poverty as a result of the lack 

of water availability varies from country to country. During the past 40 years, 

agricultural growth in sub-Saharan Africa has barely kept pace with population growth 

because of the poorer availability of irrigation water (Hanjra et al., 2009).  

The various mechanisms through which irrigation can improve farmer welfare are 

summarised below6: 

                                                
5 See for example the most recent discussion for the case of Thailand by Suphannachart and Warr (2011). 

6 Other factors, such as improved crop varieties and land tenure reform also play crucial role in increasing 

farmers welfare. However, as this study focus on water irrigation, these two factors are not elaborated. 
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1. Productivity improvement through increasing yield (quantity of harvest per 

hectare of land); 

2. Quality improvement through higher value products and crop variation or 

diversity; 

3. Reduction in farming cost, including opportunity cost of off-farm employment; 

4. Food security through reduced prices for food crops and lower living costs.  

 

These mechanisms are sometimes referred to as direct effects7 acting at a local level 

(Hussain & Hanjra, 2004). There is overwhelming evidence corroborating the notion 

that irrigation improves farmer welfare through the various mechanism described above. 

There is a strong link between irrigation development, agricultural growth, and poverty 

reduction among many surface irrigation systems in Asia and Africa (Hanjra et al., 

2009; Hussain, 2005; Hussain & Hanjra, 2004; Smith, 2004).  

 

In Thailand, agriculture has been central to the country’s modernisation, particularly in 

the 1940’s and 1970’s. Irrigation as part of national development projects, has been 

instrumental both at the beginnings of Thailand's modern agricultural sector as well as 

during the period of state-sponsored diversification of agriculture (Goss & Burch, 

2001). Analysing how a locally-managed irrigation with minimum state intervention, 

such as muang fai, can be part of this nation’s development will help us understand 

more about the role of irrigation in the context of Thai economic development. 

 

                                                
7Direct effects can be distinguished from indirect effects that operate via regional, national, and economy-
wide effects. Irrigation investments act as production and supply shifters, and have a strong positive effect 
on growth, benefiting the poor in the long run (Hussain & Hanjra, 2004). 
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2.3.1 Productivity Improvement 

Without adequate water, farming productivity would suffer due to poor soil fertility. In 

sub-Saharan Africa over the last 40 years, for example, soil fertility has fallen sharply, 

and cereal yield has only increased by 50 per cent. In contrast, in Asia, cereal yield has 

almost doubled and the improvement in yield accounted for two-thirds of aggregate 

agricultural growth in Asia. The outcome in sub-Saharan Africa is largely attributed to 

low investment in agricultural water management that has prevented the acceleration of 

broad-based agricultural growth (Hanjra et al., 2009). 

 

In other parts of the world such as Asia, despite a plentiful supply of water compared 

with sub-Saharan Africa, countries also face problems of inadequate irrigation water. In 

general, the water supply for the agricultural sector comes from streams or rivers, and it 

can be obtained without charge. Problems usually arise when water becomes scarce 

because there is excess demand for water use on-farm, during specific seasonal periods 

(such as during the dry season) or when there is an unequal distribution among farmers. 

For example, farmers at the head-end of streams may extract more water than they have 

been allocated, which can lead to an inadequate supply of water at the tail-end of the 

stream. The tail-end farmers would receive a limited supply of water, leading to a 

reduction in their output. In most cases, the tail-end farmers have to find other sources 

of water to grow crops8 (Ehrensperger, 2004). Participatory management among the 

members of the muang fai assists in dealing with the head-end and tail-end water use 

problem. All the members of muang fai are getting to know each other and working 

together in maintaining the weir and water use among the members. When there is a 

                                                
8 Other factors, such as improved crop varieties and land tenure reform also play a crucial role in 
increasing farmers’ welfare. However, as this study focuses on irrigation, there is little elaboration on 
these two factors. 
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water shortage problem, this previous collaboration on other issues can facilitate in 

solving the head-end and tail-end water use problem (Ounvichit et al., 2008).  

 

2.3.2 Lower Production Cost 

A reliable supply of irrigation water can lower farming production costs. When 

inexpensive surface water is unavailable for irrigation purposes, farmers are forced to 

use alternative more costly water sources. In northern Thailand, farmers use 

groundwater as an alternative source of irrigation, which is normally more expensive 

than surface water sources. This situation can cause tail-end farmers to face higher costs 

of production than they should. As a result of higher costs of water, the income of 

farmers is reduced, increasing poverty levels (Bhattarai et al., 2002; Ehrensperger, 

2004; Sampath, 1992). 

 

Improved irrigation can increase both the income and welfare of farmers not only 

through increasing constant access to water, but also through improved water 

conservation and water use efficiency. Conserving water resources for agriculture can 

significantly increase farming productivity through a reduction in costs associated with 

agricultural production (Kaur, Singh, Garg, Singh, & Singh, 2012). Less frequent 

irrigation not only saves labour, but also reduces the costs of maintaining water supply 

to farmland. In addition, with more labour-hours saved, farmers and their family 

members can also work off-farm to further increase their annual income. Evidence 

suggests that poverty can be reduced by irrigation improvement through increased on-

farm and off-farm employment (Smith, 2004). 
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2.3.3 Improvement in Quality and Value of Production 

The relationship between water quality and crop quality has been well documented 

(Grattan, 2002). Improved irrigation leads to better water quality. Water from surface 

and stream irrigation has lower salinity levels compared with underground pumped 

water and is better for crop quality. Crop performance may be adversely affected by 

salinity-induced nutritional disorders. These disorders may result from the adverse 

effect of salinity on nutrient availability, competitive uptake, transport and partitioning 

of nutrients within the plant (Grattan & Grieve, 1998; Volkmar et al., 1998).  

 

The adverse effects of high salinity levels in irrigation water on crops may be 

minimised by frequent irrigating. More frequent irrigation can maintain higher soil 

water content in the upper part of the root zone, while reducing the concentration of 

soluble salts (Abrol et al., 1988). However, this requires a much larger amount of water 

to be used. 

 

In the case analysed in this thesis, quality of production of longan is determined by its 

size; the larger the size of the fruit, the higher the price of the fruit per kg. The 

relationship between certain characteristics of water and the quality of the crops was 

observed in the above studies, and will be one of the aspects to be analysed in this 

thesis. 

 

2.3.4 Improvement in Food Security 

Both in Asia and Africa, the majority of rural households are net buyers of staple foods. 

The world’s irrigated land base must be maintained in good order to sustain relatively 

low food prices and food security (Carruthers et al., 1997; Smith, 2004). This is 

welfare-enhancing due to the fact that the majority of poor households in both rural and 
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urban areas are net purchasers of staples, and because they spend a high proportion of 

their income on staple food. 

 

2.3.5 Small-scale Traditional Systems and Farmer Welfare 

This section will discuss to what extent small-scale traditional systems can also increase 

farmer welfare based on evidence from the available literature. Particular attention is 

directed towards the distinct mechanisms through which small-scale traditional systems 

can improve farmer welfare compared with general irrigation systems. The literature 

considered below emphasises the importance of this sub-theme to the overall work of 

the research reported in this thesis.  

 

There is a consensus that irrigation can improve farmer welfare through the various 

mechanisms discussed previously. What makes the discussion on small-scale irrigation 

rather different to others is the typical form of the improvement in the irrigation system. 

The literature on the improvement in small-scale irrigation systems has been dominated 

by the improvement in management, in which the small-scale irrigation management is 

communal and involves participatory elements. The other main form of irrigation 

development is the improvement in technology, which is also an important component 

in the context of small-scale irrigation. Ambler (1994) points out that for small size 

irrigation systems, there is a range of technologies and techniques that contribute to the 

improvement of agricultural crops. One example was that indigenous irrigation has 

recently been developed and expanded by the introduction of new technology including 

small petrol pumps. This was initially supported by World Bank projects, and has 

allowed substantial increases in dry-season agricultural production (Kimmage & 

Adams, 1990). Another example is the use of drip irrigation. Postel et al. (2001) 

documented various examples of the potential use of drip irrigation in Africa and India. 
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They estimated that an international initiative to spread this technology could boost 

annual net income among the rural poor by some US$3 billion per year, and inject two 

or three times this amount into the poorest parts of the developing world's economies 

(Postel, et al., 2001). 

 

The role of non-engineering factors in explaining the performance of small-scale 

irrigation systems has been one of the main puzzles in the early literature on irrigation. 

As Dayton-Johnson (2003) pointed out, differences in the physical infrastructure can 

account for some of the differences in small-scale traditional irrigation system water 

requirements. However, in contrast to the large-scale or agency-managed irrigation 

systems, the role of non-engineering factors in traditional systems remain largely 

unexplained as a result of the unique organisation and management of these traditional 

systems.  

 

Whether it is through better technology or better management, the impact of small-scale 

irrigation on farmer welfare usually works through increases in land productivity or 

crop yields. One form of improvement in irrigation is the adoption of more efficient yet 

simple technology. In Ghana and Mali, for example, the adoption of treadle pump 

irrigation had a substantial impact on agricultural output; increasing farmer incomes and 

consequently reducing poverty among the farmers. The adoption of this technology in 

Ghana led to a 28 per cent increase in income per capita relative to that of a non-

adopter. In Malawi, small-holders who adopted the treadle pump had greater food 

security than their non-adopting counterparts (Adeoti et al., 2007; Adeoti, 2009; 

Mangisoni, 2008). Mkavidanda & Kaswamila (2001) stated that in Tanzania by 

adopting pump irrigation to irrigate vinyungu plots, which are located far away, not only 
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are water losses reduced, but also productivity is increased. The overall work load can 

also be reduced by the introduction of this new technology.  

 

The availability and success of better alternative technologies varies and can depend on 

many factors, including topographical and sometimes even social factors. Generally, the 

better the technology is, the better the outcome in terms of its impact on farmer income. 

For example, a study by Ayele (2011) compared four different types of technological 

choices for small-scale irrigation in Ethiopia, namely concrete canal diversion, 

traditional river diversion, motor pump, and pedal pump. This study found that by 

comparing the results of these alternate technologies to farmers without irrigation, all 

four types of irrigation technology performed better in terms of generating income for 

farmers. Moreover, farmers who were using concrete canal diversion, which offered the 

most advanced technology among the four, appeared to have higher cropping income 

than all other irrigation types.  A cautionary note must be added, however, because in 

Nepal, the addition of new technology to a traditional system had an adverse effect on 

the governance structure and resulted overall in lower output (Lam, 1996). 

 

The findings of Ayele (2011) suggest that a farm with even a rudimentary form of 

irrigation technology is always better off compared to one without irrigation. This result 

implies that even a typical traditional system has the potential to improve farming 

outcomes. This result was also supported in the case of chamazi, the use of residual 

moisture in the bottom of valleys for mixed crop production, practised in the Lusotho 

district, Tanzania. Although this system was practised at a subsistence level, its 

contribution to food security was found to be superior to both short and long rainy 

seasons, and it was able to produce a four month food surplus in villages where the 

practice is dominant. In terms of cash income, this practice has the ability to generate 
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cropping income approximately 30% higher than households in villages where the 

practice was not dominant (Kaswamila & Masuruli, 2004).  

 

Another form of traditional irrigation is also practiced in Tanzania and is known as 

vinyungu. Vinyungu farming is a traditional farming system in the Iringa region of 

Tanzania. It is usually practised by small-scale farmers in valleys at the bottom of flood 

plains. These areas are typically moist for a long period of the year. The irrigation 

technology during the dry season still provides sufficient water in order to grow crops. 

Farmers utilise natural moisture or water diverted from rivers or rain events. This type 

of irrigation is possible because the ground water table is relatively high in most places. 

The evidence suggests that this practice significantly increases farming productivity and 

thus income generated (Majule et al., 2005; Mkavidanda & Kaswamila, 2001; Yanda & 

Mubaya, 2011).  

 

Other evidence suggests that an improvement in small-scale irrigation can be achieved 

through the improvement of management performance. One study in the Mbarali 

district of south-west Tanzania found that regardless of whether the irrigation system is 

traditional or modernised, if the system is managed properly, it will increase farming 

productivity and income (Mwakalila, 2006). Rockström et al. (2002) documented some 

cases in drought prone environments, such as in the eastern and southern African 

regions, where better rainwater irrigation management (in the form of supplemental or 

micro irrigation for dry spell mitigation) can improve water holding capacity and plant 

water uptake potential, and can also have a strong impact on agricultural water 

productivity. 
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An improvement in the social structure among water users, such as how the property 

rights are managed, as well as an improvement in social capital is also well-documented 

in the literature of small-scale irrigation. In the context of farmer-managed irrigation, 

social capital is defined as the existence of a set of informal values or norms shared 

among members of a group that permits cooperation (Fukuyama, 2001). The existence 

of social capital is relevant in the community irrigation context. If water is used 

efficiently and well distributed, the resource can be productive for all users who have 

access to it. They can grow and harvest crops efficiently. However, if water users do not 

cooperate, especially if they have conflicts among each other, the field channels and 

control structures will not be maintained and become damaged, and their operation may 

be unpredictable (Uphoff, 2000). This mechanism is quite distinct from how large-scale 

irrigation works to improve agriculture productivity and farmer welfare. Government-

managed dams do not require social capital as much as traditional systems and typically 

function without much coordination or cooperation among farmers. However, farmer 

consultation and cooperation in small-scale communal irrigations is necessary for their 

survival. 

 

Social capital can be inherently embedded in the form of the water users association, 

organisation, or farm cooperatives for the purpose of water distribution. An 

improvement in participatory irrigation, through the establishment of cooperatives, has 

improved system performance and efficiency in Sri Lanka and Bangladesh (Andreou, 

1979; Uphoff, 2000). In Sri Lanka, a farmer organisation was established by a group of 

farmers with the aim of actively getting involved in improving water management and 

agricultural production under a situation of water scarcity. As a result of establishing the 

collective organisation, both farm productivity and annual farm income increased 

(Uphoff, 2000). In Bangladesh, farm co-operatives were established for the purpose of 
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water distribution and also resulted in improvements in farm productivity (Andreou, 

1979). Tang (1992) in Meinzen-Dick (1997) found  that participatory irrigation systems 

in the Philippines, India, Nepal, Bangladesh, and Sri Lanka tend to have more effective 

maintenance and allocation than bureaucratic schemes.  

The concept of social capital, particularly its relevance in common property resources 

such as water, has typically been linked in the literature with participatory irrigation 

management (PIM). PIM enshrines the need to promote farmer “participation” in the 

management and planning of both large and small-scale irrigation projects (Khalkheili 

& Zamani, 2009). Institution reform through PIM strives to overcome property right 

problems and close the income gap between rich and poor farmers.  

 

Arriens (2004) defined the key component of “participation” as people involvement. 

When people have power over decision-making regarding the resources used, they are 

encouraged to develop and maintain these resources. PIM is a process in which 

planning information is made available to the public and the individuals or agencies 

who are involved in water related issues become involved in developing the 

management plan (Pantana et al., 2004).  

 

However there are still management problems to be faced when allocating common 

property resources like water rights. Vermillion (2001) and Moran (2003) noted that if 

property resources are owned by the community and are open for everyone to use, 

individuals may be able to make exclusive gains and any losses are shared by all 

members of the community. This gives individuals an incentive to overuse water. Water 

allocation rules need to be well defined, especially when it comes to the dry season, to 

prevent resources being overused and becoming degraded. Meinzen-Dick (1997) 

pointed out that expectations that farmer participation will be a “magic bullet” that both 
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can reduce the state’s burden for financing irrigation as well as improve the 

performance of irrigation systems will lead to a disappointment if certain conditions are 

not met. Such conditions may include the provision of technical and organisational 

training and support to farmers; the establishment of water rights; monitoring and 

regulating externalities and third party effects of irrigation; and maintaining a 

supportive legal framework for farmers’ organisations. 

  

The key to the success of localised management systems is that instead of water 

allocation based on individual decisions, decisions are handed to collective institutions 

representing the interest of all members of the group. There is a large body of evidence, 

which Ostrom (1990) comprehensively reviewed, documenting the survival of localised 

institutions in many places that still function effectively to allocate water efficiently for 

the agriculture sector (Manor & Chambouleyron, 1993). This evidence has been one of 

the primary foundations of Ostrom’s (1990) theory of Common Pool Resources (CPR). 

Under this theory, institutions play a key role in improving resource management, 

including water resource management, particularly when there is the possibility of local 

institutions being part of the agenda (Ostrom, 1990). Common pool resources, like 

water for irrigation, can be managed independently and effectively by their users 

without being privatised or handed over to a centralised government. Most of those 

institutions, for example, typically create their own incentive system through sanctions 

and penalties if members use water excessively. Other rules relate to the allocation of 

benefits and responsibilities. Thus, in essence, this system works almost perfectly, 

replacing other allocation systems such as those based on pricing. Ostrom (1990) 

collected these success stories and summarised them into well-known principles of 

effective common property resources (CPR). Ostrom’s idea surrounding the principle of 

effective CPR challenges the seminal paper of Hardin (1968) which suggested that users 
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of a commons (such as water resource) are caught in an inevitable process that leads to 

the destruction of the resource, and that centralised government intervention or 

privatisation is necessary to resolve the tragedy. The central idea of Hardin’s tragedy is 

that because the resource is open access, each rational and self-interested user ignores 

the externality imposed on other users. Overuse of the resource is inevitable leading to 

the collapse of the system. In many disciplines such as environmental studies, ecology, 

and political science, the tragedy of the commons has become part of the conventional 

wisdom (Feeny et al., 1990).  However, evidence accumulated over the two decades 

after Hardin’s seminal paper indicates that private, state, and communal property are all 

potentially viable resource management options. A more complete theory than Hardin's 

should incorporate institutional arrangements and cultural factors to provide for better 

analysis and prediction (Feeny et al., 1990). 

 

Ostrom challenged Hardin’s theory by showing a large body of empirical examples 

where neither government intervention nor privatisation (the sole two solutions 

proposed by Hardin) work in resolving the problem of the commons. In fact, both of 

Hardin’s solution fails in many circumstances. For the case of water resources, the 

empirical findings of Ostrom (2000) were drawn from a study of 150 irrigation systems 

that showed that farmer self-managed irrigation systems were able to achieve better and 

more equitable outcomes than those managed by government-based agencies. The 

failure of government-based agencies stemmed from their focus on centralised and 

infrastructure-based investment that ignored the input of local institutions created by 

farmers. 

 

Despite a general consensus from the empirical literature on the positive relationship 

between small-scale traditional irrigation and farmer welfare, there are studies that 
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suggest otherwise. In one study in China, the impact of farmer participation in efficient 

irrigation practices on both water savings and poverty reduction was negative/negligible 

(Wang et al., 2006). The authors argued that in the case of China’s water management 

reform, the participation of farmers in managing irrigation systems does not play an 

important role in either water saving or poverty alleviation. Their study found that while 

the establishment of incentives for water managers would lead to water savings, it 

would have a small effect on agricultural production, farmer incomes and poverty 

reduction. This is just one example showing that a one-size-fits-all approach in 

irrigation management is not advisable. Farmer’s participation can be much stronger in 

some contexts than in others. Institutions, partner bureaucracy, and certain enabling 

conditions, among others, can account for those differences and uniqueness (Meinzen-

Dick, 1997). 

 

In conclusion, there is a large body of evidence that has demonstrated that irrigation can 

improve farmer welfare through at least four channels. Firstly, through productivity 

improvement as a result of yield improvement. Secondly, through product quality 

improvement as a result of higher value products and crop variation/diversity. Thirdly, 

through a reduction in farming costs, including the opportunity costs of off-farm 

employment; and fourthly, through improved food security resulting from reduced food 

crop prices and lower living costs. In general, these outcomes also apply to small-scale 

irrigation systems. However, because many of the small-scale irrigation farms are 

communal, there is also another important element to consider: the role of a system to 

manage a group of individual farmers who share the same source of water collectively 

and effectively. There are many kinds of these institutions all over the world, many of 

which have lasted for generations. The muang fai in Northern Thailand is one such 

example. However, despite the importance of agriculture in Thailand's economy as well 
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as its notable share in the world market for many agricultural products, there are not 

many studies that focus on the impact of this traditional institution on the welfare of 

Thai farmers. This study is an attempt to fill this gap, particularly focusing on a 

quantitative approach that can give better estimates of the magnitude of such an impact. 

 

2.4 Small-scale Traditional Irrigation and Water 

Conservation 

In general, it is expected that water resources, if managed by communal systems, will be 

conserved rather than wasted, particularly in the case of open-access water resources 

(Ostrom, 1990). In many farmer self-managed irrigation systems, there is a need for 

substantial contributions of resources from all the users to keep the system well 

maintained. The systems usually need physical factors to be contributed on a regular 

basis, including yearly reconstruction of the headwork, clearing of weeds, and regular 

cleaning of the canal. The rules of the system can assign water in proportion to the rate 

at which resources are used, so that less water is consumed by the head-end which 

results in more water allocated to the tail-end, resulting in significantly higher overall 

productivity. The equity of water distribution can assist in generating more equitable 

outcomes for users as well as higher levels of water use efficiency (Ostrom, 2000). 

 

The water use efficiency of communal irrigation systems can be improved through the 

implementation of modern technologies as well as better management (which may 

include rules relating to water allocation or  sustainable usage pratices), and by working 

through social rules and regulations. Adoption of modern irrigation technologies is 

often cited as a key factor that influences an increase in water use efficiency in the 

agricultural sector while still maintaining the same level of production (Green et al., 
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1996). For example, a small-scale irrigation system in the Mbarali District of south-west 

Tanzania managed to conserve water and at the same time improve farm productivity 

(Mwakalila, 2006).  

 

Water conservation offers benefits for both modern and traditional irrigation systems 

(Mwakalila, 2006). Managing water resources through common property arrangements 

has been a successful method for water conservation. Farmers are more likely to 

consume water more efficiently and distribute water more equitably among them, 

compared to a system that is managed by the government (Ostrom, 2002). In small to 

medium-sized irrigation systems in Nepal, Ostrom (2002) found that the ownership of 

the irrigation system and its management were critical to the performance of the 

irrigation systems. She noted that farmers in Nepal have the authority to create their 

own water associations. They can construct and maintain their own systems, as well as 

setting up their own rules and regulations. Farmers with long-term ownership 

entitlements can develop their own agreements, and establish their own monitoring and 

sanctions to punish those who do not follow the rules. Nonetheless, Ganesh, Shivakoti 

and Ostrom (1993) argued that while farmer self-managed systems may traditionally 

outperform other systems, the success of each system still depends on how well-

organised the system is. Self-managed systems need to be well-organised and ruled by 

the agreements that they adopt.  

 

Water pricing can be another key driver of water conservation. From an economic 

viewpoint, a water-pricing mechanism is an efficient method of water allocation and 

solution for any water scarcity problems. Water pricing is not only relevant for 

efficiency but also for equity among users such as upstream or downstream users. 

Bhattarai et al. (2002) and Ehrensperger (2004) argued that water pricing is an essential 
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mechanism to minimise the problem of unequal distribution of water between head and 

tail-end farmers. When water prices were imposed, head-end farmers reduced the 

quantity of water consumed as it was now more expensive. This resulted in a rise in the 

reliability of water available to the tail-end farmers, which in turn increased their 

productivity and income. For many cases such as in the muang fai system, the fee is not 

based on the volume of water used but charged only for regular membership. If 

irrigation water charges are too low, Hussain and Hanjra (2004) noted that irrigation 

systems are more likely to be neglected. Thus, there would be less financial support for 

maintaining the irrigation system infrastructure. The result of improperly managed 

infrastructure would result in poor irrigation performance.  

 

Clearly a well-designed water pricing system could achieve similar water conservation 

outcomes to a well-designed, rule-based, common-pool system for small-scale 

irrigation. However, it would be questionable whether pricing and individual decision 

making would generate the social capital that a communal system would. 

 

Pricing does not need to be in the form of charges based on the quantity of water used. 

Fees can include membership fees or contributions towards the system. In a study of 

127 irrigation systems in Nepal, Benjamin, Lam, Ostrom & Shivakoti (1994) showed 

that even though modern infrastructure can potentially improve the water distribution of 

the system, the extent of the improvement is limited depending on the source of the 

investment funds. Having farmers pay for part of the goods and services seems to 

induce them to reduce the quantity of water used and create a more equitable 

distribution of water. Moreover, as long as farmers can see benefits resulting from the 

fees that they pay for water services, they would be willing to pay for water. Also, 
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farmers would pool their resources together for collective actions if they perceive that 

the consequent investment is worthwhile (Benjamin et al., 1994).  

 

Despite general evidence that small-scale traditional irrigation improves water use 

efficiency, not all studies found that smallholder irrigations were more efficient in using 

water. Using a data envelopment analysis, Speelman, D’Haese, Buysse and D’Haese 

(2008) found that smallholder irrigation farmers in the North-West Province of South 

Africa failed to reach their overall technical efficiency levels in relation to water use. In 

this instance, gradual introduction of a water pricing scheme may induce farmers to use 

less water. The aforementioned study suggested that further research on the economic 

efficiency of such a scheme should be conducted to determine the scope of production 

improvement and the effect of water price on water use efficiency. 

 

An extensive study by Pretty, James & Rachel (2003) reviewed 208 projects in 52 

developing countries, where farmers have adopted locally available, environmentally 

sensitive practices and technologies. This study concluded that water user groups have 

an important contribution in delivering productivity through water conservation. The 

spread of the programs to organise farmers to form water user groups, and let them 

manage water distribution among themselves has resulted in more crops produced per 

year as well as per unit of water. An increase in water use efficiency through water 

harvesting and irrigation scheduling was found to be the primary contributing factor to 

this improvement. 

 

In summary, previous studies strongly suggest that small-scale communal irrigation 

systems work well in terms of improving water use efficiency and water conservation. 

In some instances adoption of various simple, yet better technologies, has been shown 
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to be important for success (Green et al., 1996). In others, creating a social system 

within farmer communities that can allocate water efficiently and fairly seems to be a 

catalyst (Pretty, James & Rachel 2003).  

 

Despite this mounting evidence, the case of muang fai in Northern Thailand, which is 

the focus of this study, deserves some particular attention. Many of these traditional 

systems have been in place for a long period of time. At present, as a result of 

technological advancement and an increase in the ability of farmers to afford new 

technologies, some farmers now have better access to new technology, enabling them to 

potentially replace the old and traditional system with a more modern system.  

 

In Northern Thailand, within the same community, farmers have the option to use 

surface irrigation from the traditional muang fai system or underground water pumped 

to the surface by an electricity-powered pump. The key question that arises is to what 

extent can this rather newly adopted technique outperform the old and traditional muang 

fai surface irrigation system in terms of water use efficiency and hence, water 

conservation. No previous studies have attempted to answer this question. Nonetheless, 

finding an answer to this question is relevant for a better understanding of the 

development of small-scale traditional irrigation systems, particularly in the 

contemporary era. 

 

2.5 Determinants of Adoption 

If traditional irrigation systems with better technology and better management or social 

arrangements are superior in terms of both improving farmer welfare and conserving 

water, why do we still find less-extensive and incomplete adoption among villages, 
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regions, or farmers, who have the choice to adopt these systems? What factors 

determine the adoption of better irrigation systems? 

 

Based on the existing literature, the decision by farmers to adopt better irrigation 

schemes is affected by a number of factors, including: (1) expected profitability or cost-

savings; (2) farm-specific characteristics; (3) farmer characteristics which include 

demographic characteristics and educational background, and socio-economic factors 

which may include household income or wealth and employment; and (4) social and 

regional characteristics. Farm-specific characteristics that that have been found to 

significantly influence farmers’ decisions can be divided into three main variables: (1) 

farm size; (2) location and topography; and (3) land or soil quality.  

 

The majority of the literature found that farm size was positively associated with farmer 

adoption of improved irrigation technologies, implying that the larger the land size, the 

higher the demand for irrigation water and the higher the chance of adoption. In 

addition, location affects the decision of whether to adopt in two ways. Firstly, the 

closer the farm is to the water source provided by the irrigation, the higher the 

likelihood of adoption. Secondly, the further is the location of the farm from the 

farmers’ home, the less likely the farmer will adopt the system. Slope of the farmland 

also positively affects adoption, with the higher the slope of the farm, the higher the 

chance the farmer will adopt the system. The steeper the slope of the land, the easier it 

is for farmers to access the irrigation water given that the water source is located above 

the farm. Farms with lower quality land or soil also tend to be associated with higher 

adoption. Farms with poor soil fertility or severe erosion need to be compensated with 

better irrigation, and thus, this increases the chance of adoption on these farms (Amsalu 
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& de Graaff, 2007; Anley et al., 2007; Bekele & Drake, 2003; Dinar & Yaron, 1990; 

Jara-Rojas et al., 2012; Pender & Kerr, 1998; Sidibé, 2005; Tenge et al., 2004). 

 

Expected higher profitability or lower cost of production as a result of adopting the 

irrigation scheme was also one of the main determinants of adoption. The perception of 

profitability was positively associated with the likelihood of adopting stone terrace 

irrigation in Ethiopia (Amsalu & de Graaff, 2007), and of adopting water capture in 

Nigeria (Baidu-Forson, 1999). Farmer expectation of future profitability primarily 

involved risk assessment. Without complete information on, for example, how a new 

irrigation scheme will work, farmers are exposed to those risks. Incomplete information, 

production risks and the level of a farmers’ risk aversion can affect the probability that a 

farmer will adopt a new and more efficient technology to solve their water shortage 

problems (Koundouri et al., 2006). This view has been supported by many other 

research findings. Caswell & Zilberman (1985) demonstrated that cost saving is the 

most important factor affecting the adoption of irrigation technologies, such as drip, 

surface and sprinkler irrigation, in California. Blanke, Rozelle, Lohmar, Wang & Huang 

(2007) stated that the rate of an adoption of water saving technology could increase 

significantly if there is a financial incentive to encourage farmers to adopt the 

technology in order to save more water. This finding supports the perspective that costs 

are an important motivator when adopting irrigation technologies.  

 

Demographic and socio-economic variables are also important determinants of the 

likelihood of adoption. Across many empirical studies, education is one of the factors 

that was found to be a significant variable in influencing famers' decision to adopt better 

irrigation technology. Age is also another important determinant. However, the 

evidence is inconclusive about whether it affects adoption positively or negatively. For 
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example, adoption of stone terraces in Ethiopia is usually associated with older farmers 

(Amsalu & de Graaff, 2007). However, in Ethiopia adoption of improved soil and water 

conservation measures is more likely to be associated with younger farmers (Anley et 

al., 2007). Intuitively, both relationships are possible. Older farmers tend to be more 

experienced, yet younger farmers can have a more positive attitude towards change.  

 

Social characteristics in the region or villages where the farmers live may also influence 

a farmers' decision to adopt new technology. As discussed in the previous section, in the 

context of farmer-managed irrigation, social capital can be defined as the existence of a 

set of informal values or norms shared among members of a group that permits 

cooperation among them (Fukuyama, 2001). There is evidence to suggest that the 

strength of the social capital affects a farmers' decision to adopt new irrigation 

technology. In a study on water conservation in the semi-arid areas of sub-Saharan 

Africa, Boyd et al. (2000) found that social capital, in the form of networks, groups, 

trust, and social relations, are variables that are important in the farm-specific decision 

to adopt new technologies and/or techniques. Social capital was also found to be 

strongly associated with a farmers' decision to adopt new irrigation technology in 

central Chile (Jara-Rojas et al., 2012). The social capital was measured by the extent of 

a farmer's involvement in social activities directly related to irrigation issues as well as 

other social events. The findings suggest that a farmer’s involvement in water 

communities increases the likelihood of adoption of new technologies.  

 

In summary, from the existing literature, at least four factors that affect a farmers' 

decision to adopt better irrigation scheme have been identified. Firstly, the expected 

profitability from products influences the decision to adopt a new system. Secondly, 

farm specific characteristics, including land size and other topographical characteristics 
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can be important. Thirdly, the characteristics of the farmer himself/herself such as 

demographic characteristics, educational background, socio-economic factors, may 

include household income or wealth, and employment. Fourthly, there are the social and 

regional characteristics. These factors are among the factors that will be tested as being 

influential in the decision by northern Thailand farmers to adopt the muang fai system. 

However, the decision to adopt irrigation systems in northern Thailand may be rather 

different from many of the studies discussed in this section as the farmer can choose 

between the traditional surface water irrigation system (the muang fai), or the 

underground pump irrigation system. The superiority of one system over another is 

unclear from the studies discussed previously where the option for farmers 

predominantly involved adopting a better irrigation system. This study may shed some 

light on the particular factors that can explain why, in the same community, some 

farmers are still using traditional ways of irrigation while others prefer the alternative 

new technology. As technological progress continues, understanding how farmers make 

their choices has never been more relevant from both a research and policy perspective.  

 

2.6 Conclusion 

Exploration of the literature describing the characteristics of small-scale traditional 

irrigation suggested that there were more similarities than differences between different 

systems in terms of both physical characteristics, and management and social 

arrangements. Physical characteristics depended on topographical aspects that varied 

across locations, but most of them were similar in terms of the level of technology. 

Differences were more pronounced in how the irrigation systems were managed and the 

role social structure played in their management. 
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The literature more or less agreed that irrigation improves the welfare of farmers 

through at least four channels.  Firstly, through productivity improvement from larger 

yields; secondly, through quality improvement from higher value products and crop 

variation; thirdly, through reducing farming costs including the opportunity cost of off-

farm employment; and lastly, through increased food security due to reduced food crop 

prices and  lower living costs. Strong evidence also supported the premise that small-

scale traditional irrigation improves the welfare of farmers. Literature on how small-

scale traditional irrigation can improve farm performance has been dominated by 

improvements in the management and social arrangement of the systems. The 

management structure of many small-scale irrigation systems is communal and involves 

participatory elements. The majority of studies suggest that access to even a slightly 

better (low technology) irrigation system can improve the welfare of farmers. 

Furthermore, communal irrigation systems, in certain circumstances, have been shown 

to be superior in conserving water resources compared with government-controlled 

irrigation systems. 

 

Finally, the review concludes that farmer adoption of improved irrigation technology 

depends on locally-specific factors that vary across different small-scale traditional 

irrigation systems. However, those individual factors belong to more general categories 

such as farmer expectations regarding increased profitability, farm specific 

characteristics, farmer-specific characteristics, socio-economic factors, as well as social 

and regional characteristics.  

 

From the existing literature discussed above, there are two key questions which are to 

be addressed in this thesis. These research questions are: (1) what are the determining 

factors that contribute to a farmers’ decision to participate in the muang fai irrigation 
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system in northern Thailand; and (2) what are the benefits of participating in this system 

in terms of farm productivity and water use efficiency? 
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Chapter 3 

Research Methods 

 

3.1 Introduction 

The aim of this chapter is to provide a comprehensive description of the methods 

employed in this study. The chapter begins by presenting some detail on the statistical 

analysis. In the second part of the chapter, the sampling design and data collection 

methods are outlined by exploring each activity involved in obtaining the relevant data.  

 

The chapter ends with a description of the design of the survey instrument which is 

composed of the enumerator’s selection process, the Focus Group Discussion (FGD), the 

trial of the pre-test survey, and the revision of the questionnaire. 

 

3.2 Methods 

As mentioned in Chapter 2, the objectives of this study are firstly, to explore the 

determining factors that influence farmers’ participation in the muang fai system, and 

secondly, to identify which type of irrigation system is better in terms of generating 

economic benefit (measured by farming productivity) and environmental benefit 

(measured by water use efficiency).  

 

To achieve these study objectives, farmers engaged in both the muang fai and 

underground pump irrigation systems were surveyed and information concerning a 

variety of farming and socio-economic characteristics was collected. These data were 

used to estimate a logistic model of muang fai participation in order to examine the 
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determinants that affect the likelihood of a farmer joining the muang fai system. The 

Propensity Score Matching (PSM) technique was then used to estimate the difference in 

farming productivity and water use efficiency between the two irrigation systems. The 

model was applied to quantitatively evaluate to what extent the muang fai system, 

representative of traditional communal water irrigation systems, is better or worse than 

the privatised system which uses modern pump irrigation.  

 

3.2.1 Estimating the Determinants of Muang fai 

Participation: Logistic Model 

In this study, a logistic model was used to investigate what factors affect a farmer’s 

decision to adopt the muang fai irrigation system. A similar approach was used, for 

example, to determine the factors influencing farmer adoption of water-saving 

technology in China (Zhou et al., 2008). The logistic model was set up to test the 

association between factors that were considered likely to determine the decision to 

adopt. The model was used to represent the choice between two mutually exclusive 

options. For example, a farmer may decide to use water from a traditional irrigation 

system (i.e., muang fai), or to rely on an alternative system (i.e., underground pump 

irrigation). The logistic model is described in this chapter and its use in estimation of 

the above choice is described in Chapter 5. 

 

The logistic model chosen was a binary response model, where the response probability 

is the Logistic function estimated as a linear function of the explanatory variables. The 

primary focus of a binary response model is the response probability: 

 

P(y = 1 | x) = P(y = 1 | x1, x2, … , xk) 
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Where, x denotes a set of explanatory variables and the dependent variable y denotes a 

muang fai participation indicator. The value of x might contain various farm and farmer 

characteristics such as farm size, age, gender, marital status, level of education, and 

other factors that affect participation. The dependent variable y is binary: y takes the 

value of 1 if participation occurs and the value of 0 if participation does not occur.  

Following Wooldridge (2006), the logistic model has probability following a logistic 

distribution, or: 

푝(푦 = 1;퐱) =
1

1 + 푒 ( ∑ ) 

The illustration of a typical logistic function is shown in Figure 3.19.  

The parameters of the logistic model (i.e. all the ’s) are estimated using Maximum 

Likelihood estimation procedures.  

Figure 3.1:  A Typical Logistic Function 

The specification of the variables to be included in the model was based on the existing 

literature, expert interviews, and focus group discussions. Table 3.1 shows the list of 

explanatory variables and their expected signs (to be tested with the model). The 

rationale for these expected signs is provided below. 

                                                
9Note:  푝(푧) =  
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Demographic Characteristics: 

For most of the demographic characteristic variables it was difficult to predict the 

expected sign, except for the variable ‘age’. There was no definite sign expectation for 

demographic characteristics such as gender, marital status or education. The variable 

‘age’, however, was expected to have a positive association with participation 

probability, given that the muang fai system is the traditional method of irrigation. The 

older generation may be more likely to value such a tradition compared to the younger 

generation. Thus, it was expected that older farmers would be more likely to participate 

in the muang fai system.  

 

Table 3.1:  List of Explanatory Variables and Expected Signs in the Logistic Model 

Expected Sign 

Dependent Variable  

Muang fai membership (1 = member, 0 = otherwise) 

Demographic Characteristics 

Gender, 1 = male 0 = female (+/) 

Age (years) (+) 

Marital status, 1 = married 0 = otherwise (+/) 

Education level (+/-) 

Farming experience (years) (+) 

Topographical Accessibility 

Distance to closest muang fai canal (metres) () 

Farm Characteristics 

Farm size (hectares) – possibly non-linear (quadratic) (+/-) 

Socio-economic Characteristics 

Expenditure per capita (baht/week) (+/) 

Off-farm work (days/week) () 

     Percentage of members in the village where the farmer is located (+) 
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Topographical Accessibility  (Distance to Muang fai Canal): 

The relationship between the distances to the closest muang fai canal and the 

participation probability was expected to be negative. It was expected that the shorter 

the distance of the farmland from the muang fai canal, the more likely the farmer would 

be a member of the muang fai. Furthermore, convenient accessibility to the water 

supply would be an important reason for farmers to adopt such a system.     

 

Farm Characteristics (Farm Size): 

The size of the farmland that a farmer operates obviously affects the need for irrigation 

water. Farmers choose a particular type of irrigation by considering the attributes of 

different types of irrigation water that best suit their farmland characteristics, including 

farm size. Some such attributes include water quality, reliability (in terms of continuity 

of water flow whenever it is used), and flexibility (in terms of when and how long water 

flow can be directed to their farm land). It was expected that the larger the farm size, the 

more water it would need from a reliable source that could also be used flexibly. Also, 

irrigating a larger farm was expected to take longer than a smaller farm.   

 

The communal nature of the muang fai system restricts when a farmer can extract water. 

That is because there is a strict queuing system that each individual is required to 

follow. In contrast, a farmer with a private underground pump has more flexibility and 

such flexibility may be needed with larger farms. Thus, it was expected that the 

probability of participation in the muang fai system would decrease as a farm gets 

larger. However, there is also a possibility that this negative relationship applies only to 

very large-scale farms. For small-scale farms, where a longer time for irrigation is not 

necessary, an increase in the size of the farm may actually have a positive effect on 
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participation. Therefore, it would seem reasonable to test whether such a non-linear 

relationship is supported by the data. 

 

Socio-economic Characteristics: 

The effect of a farmer’s economic status, as measured by expenditure per person, may 

impact the probability of participation in the muang fai system in two ways. It may be 

that since membership requires a certain monetary fee, the richer a farmer is, the more 

likely he/she will participate. In this case, however, since the fee is relatively low, its 

effect on participation may not be substantial. On the other hand, being better-off makes 

underground pump irrigation more affordable. Thus, it may be that the richer the farmer 

is, the less likely he/she will participate as they have more access to an alternative to the 

muang fai system in the form of an underground pump. Off-farm employment was 

expected to be negatively associated with participation. Becoming members requires an 

in-kind contribution of time to work regularly to maintain the system. Off-farm 

employment may therefore reduce the likelihood of participation.  

 

The percentage of muang fai members in the village was expected to have a positive 

relationship with the probability of participation. While Olsen (2004) warned that an 

increase in numbers beyond a certain point could work against participation, the context 

was different in India (very high inequity), and this was not expected in the case of 

muang fai. The motivation for farmers to participate in the muang fai system is likely to 

be influenced socially within the community. This concept of bonding social capital is 

commonly found in rural communities. To maintain a sense of belonging to a family 

and a community, farmers could decide to engage in cooperative activities, even if 

individually they prefer more attractive forms of production. Individuals of a rural 

community are likely to be sensitive to the views of family, friends or neighbours and 
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consequently they often act the same way as other members of the family or their 

neighbours instead of making their own decision based on their own desires.  

 

3.2.2 Estimating the Impact of Muang fai System 

Participation: Propensity Score Matching (PSM) 

The impact evaluation approach was used to estimate the benefit of joining the muang 

fai system. This approach estimates the difference in productivity and water use 

efficiency between the muang fai system and underground pump farmers and attributes 

these differences to the irrigation system while isolating out the effects of other factors 

such as farming and socio-economic characteristics. The method is described in this 

chapter and its use in estimation is described in Chapter 6. Table 3.2 illustrates the 

analytical framework of the impact evaluation method that was used as the basis for the 

method employed in this study. 

 

Table 3.2: Illustration of Group Comparison Bias 

Expected Outcome 

Farmers productivity in Thai Baht (TB) 

/hectare 

Outcome 

Ex ante 

(Before participation) 

Y0 

Ex post 

(After participation) 

Y1 

Farmer group 

member  

(P = 1) 

 

Non-member 

(P = 0) 

Muang fai member 

P = 1 

E(Y0 | P = 1) 

TB 1,400  

E(Y1 | P = 1) 

TB 1,500 

Muang fai 

non-member 

P = 0 

E(Y0 | P = 0) 

TB 1,000  

E(Y1 | P = 0) 

TB 1,000 

 

Table 3.2 illustrates the bias when comparing ex post information to estimate the 

benefits of muang fai participation. Suppose that in a case study village, there are two 

groups of farmers: muang fai members (P=1), and non-muang fai members (P=0). Only 
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ex post information can be observed, where muang fai members have an average 

productivity of TB 1,500 per rai10, while non-members have an average productivity of 

TB 1,000 per rai. Comparing this ex post average productivity between the two groups 

suggests that the effect or the benefit of participation is close to the difference of TB 

500 per rai. However, the correct measure of the impact of participation is actually the 

difference between the expected productivity achieved by the members ex post, and the 

productivity of the same farmers, had they not participated, or between E(Y1|P=1) and 

E(Y0|P=1) which is TB 100 per rai.  

 

However, the average productivity of the farmers who are now members had they not 

participated is not observable. Comparing the two groups ex post is biased because as 

can be seen from the table, the difference between the two groups ex ante was already 

large (TB 400 per rai) and this difference should not be attributed to participation 

because factors other than participation are influential. As long as the selection process 

to become muang fai members is not a random process, ex post comparison is prone to 

be biased in this way. 

 

There are many types of methods in the impact evaluation literature that can correct 

such bias. The best methods to be applied typically depend on the characteristics of the 

available data. The data used in this study have two defining characteristics: (1) they are 

ex-post observations where farmers have already decided their choices; and (2) the data 

are collected at only one time period. These two characteristics limit the types of impact 

evaluation methods suitable for this study. However, there are two kinds of impact 

evaluation methods that can be used with this data: the first is what is called the 

Propensity Score Matching (PSM) method, and the second is instrumental variable 

                                                
10 A “rai” is a  unit that is used as a standard measurement of land area in Thailand,  (1 hectare = 6.25 rai). 
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regression. Many impact evaluation practitioners avoid instrumental variable regression 

due to the difficulty in finding good instruments and deciding the best model 

specification (Ravallian, 2001).   

 

Propensity Score Matching is more suitable for the data in this study and its application 

is more straightforward. In PSM, in principle specific indicators of farmers who are 

currently muang fai members are compared with those of non-members and the 

difference is interpreted as the impact of participation. To ensure that the difference is 

attributed to the participation only, and not attributed to other factors, only pairs of 

farmers who have more-or-less equal likelihood of participating in the muang fai system 

are compared. In this way, this equal likelihood represents characteristic similarity, 

except that they’re dissimilar in their use of water.  

 

This method was applied to estimate the impact of becoming a muang fai member on 

the level of the farmer’s productivity and water use efficiency. The PSM estimates are 

more reliable if the treated and control households have the same distribution of 

unobserved characteristics and are from the same economic environment. It is essential 

that the information for both treated and control groups come from using the same 

questionnaire. Thus, the same questionnaire was used to survey both farmers who 

participate and those who do not participate in the muang fai system.  

 

In principle, the questionnaire would include household, farm and social characteristics, 

as well as economic variables such as income and employment. The aim was to collect 

reliable information on these various characteristics within a specific time frame. These 

data were then to be used to apply the PSM technique to estimate the difference in the 
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productivity and water use efficiency of farms attributed to being a member of the 

muang fai system. 

 

In short, PSM can be used to capture, for example, the effect of joining a muang fai 

system on farm productivity or water use efficiency, while controlling other factors such 

as the size of the land, distance to water sources, farmer experience, and so on. This is 

possible because, in effect, only the differences in productivity and water use efficiency 

between a pair of observations with similar characteristics are being compared. 

 

Steps Involved in PSM 

Rosenbaum and Rubin (1983) introduced the PSM method in an attempt to solve the 

problem mentioned earlier, i.e., the situation in which the counter factual is 

unobservable. The PSM method is based on the idea of comparing the difference in the 

outcomes of individuals who participate with the outcomes of non-participants in the 

program. The PSM method assumes that the treatment and control groups are identical 

in terms of the distribution of all observed or unobserved characteristics. There are a 

few steps involved in performing the PSM method. 

 

Step 1:  Estimating ‘Propensity Score’: 

The first step of the method involved estimating the score or ‘propensity score’. In the 

language of the PSM method, following Mendola (2007), a ‘propensity score’ is an 

estimate of the probability that an observed individual would undertake the ‘treatment’. 

The treatment in this case was muang fai participation, and the treated group comprised 

farmers who were members of the muang fai system. The next decision was about 

which variable to include in the model. In principle, either logistic or probit models are 

preferable to use in order to derive predicted participation probabilities. For the purpose 
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of this study, the likelihood of participating in the muang fai was estimated using a 

logistic regression11model, where the probability of participation is specified as a 

function of demographic, farm, and socio-economic variables. Moreover, it was 

essential that all variables that may have had an influence on an individual’s decision to 

participate in the program were included. Any important variables should not be omitted 

in the model as this can increase bias in the estimated results of the impact.  

 

Step 2: Observing the ‘Region of Common Support’ 

The next step of the PSM method is to check whether there is a region of common 

support between the treatment and control groups. The region of common support is 

determined by comparing the minimum and maximum values of the propensity score in 

both the treatment and control groups. As shown in Figure 3.2 earlier, the region of 

common support is where there is an overlapping of the propensity score distributions in 

the treatment and control groups. 

 

Once the region of common support was defined in the current study,  all other 

individuals that fell outside this region where the propensity score values are less than 

the minimum value or larger than the maximum value were discarded. These 

observations were discarded as their treatment effect could not be estimated.  

 

Step 3: Matching ‘Propensity Score’ 

In the second step, after estimating the model and computing the propensity score of 

each individual farmer was to select one individual from the treatment group and pair 

                                                
11The logistic regression is equivalent to the multiple linear regression method for binary responses, 
where the response probability is the function evaluated as a linear function of the explanatory variables. 
This method is used for determining the relationship between predicted variables, where each set of 
explanatory variable has a predictive relationship to a dichotomously dependent variable (variable value 
of 0 and 1 (Wooldridge, 2006). 
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that individual with one from the control group using a matching algorithm. The 

matching estimator compared the targeted outcomes of the treated individuals with the 

control group individuals. The matching algorithms reduced bias by maximising the 

matches between treatment and control individuals (Rosenbaum & Rubin, 1985).  

 

For this study, each farmer in the sample, whether or not they belonged to the muang fai 

system, were assigned a score that measured the likelihood or probability of 

participating. There were some farmers with a given score in both groups. By 

comparing the productivity of a subset of farmers (both member and non-member 

groups) that have a similar likelihood of participating, factors that may explain their 

differences in productivity, other than their participation, could be investigated. The 

method of identifying this subset of farmers is known as ‘matching’ and is how the 

name of PSM originated. 

 

The matching process is best illustrated in Figure 3.2. The propensity score of farmers 

who belonged to the muang fai group was expected to have a higher mean than non-

members. Its distribution is concentrated to the right side of non-members. However, it 

may be expected that the propensity score of some non-members would match or even 

exceed those members who had a relatively low score. The method matches these non-

member farmers with member farmers that have a similar score and calculates their 

differences in productivity. This matching process was conducted along the ‘region of 

common support’ as illustrated in Figure 3.2 and described in detail below. 
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Figure 3.2: Illustration of the Region of Common Support 

 

In practice, finding a propensity score with exact matches between the treatment and 

control groups is rare. Therefore, a matching estimator process was used to match the 

scores. This involved several matching algorithms, and for this study we used four types 

of commonly used matching methods: Nearest Neighbour, Caliper, Radius, and Kernel. 

Brief explanations of these matching algorithms are described in the rest of this section. 

 

Nearest Neighbour Matching: 

The Nearest-Neighbour matching method is one of the most frequent used matching 

techniques. It is the simplest matching algorithm. Each treatment individual is matched 

to the individual from the comparison control group who is closet in terms of propensity 

score. The first treated individual is matched with the first control group observation 

that has the nearest propensity score, and so on. In the current study, two values for the 

number of nearest neighbours, ‘n’, were chosen to conduct the matching (usually only n 

= 5 is used, but in this study both n = 1 and n = 5 were used).   
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Caliper Matching: 

The second matching algorithm is the Caliper method. This method improves the 

nearest neighbour algorithm by imposing a tolerance level on the maximum propensity 

score distance (or Caliper) to avoid the risk of bad matches. In short, it matches with the 

nearest neighbour within the Caliper. The matching involves matching by replacement 

among propensity scores within a certain range (Khandker et al., 2010). For the Caliper 

method, Rosebaum and Rubin (1985) suggested using a Caliper of 0.25 standard 

deviations from the propensity score. Any matches that fell outside this range were 

removed. 

 

Radius Matching: 

In this matching method, where a radius (range) is pre-determined, the propensity score 

of each treated individual is matched with a comparable control individual that lies 

within an interval of the treatment individual’s propensity score. A pre-determined 

range of propensity scores identifies all possible matches. Therefore, it is possible that 

individuals in the control group can be matched more than once within the radius. 

 

Kernel Matching: 

Kernel matching is also among the most commonly used matching methods. Here the 

matched individual in the control group is discovered by the following procedure 

(Mendola, 2007). First, the weighted average propensity score is estimated of those 

individuals in the control group within a given distance (often 0.25) of the score of the 

individual of interest in the treatment group. The weights are inversely proportional to 

the difference between the propensity scores of the individuals in the control group and 

the individual of interest in the treatment group. Second, a search is completed to 
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discover the individual in the control group who is nearest to this weighted average. 

This is the matched individual.  

 

Step 4: Estimating Average Treatment Effect on Treated Individuals 

(ATT) 

After the matching process was completed, the averages of the samples in the treatment 

and control groups were calculated to determine the difference between the two. The 

average treatment effect on treated individuals (ATT) is the expected effect of treatment 

for a randomly drawn individual who has undergone the experiment or treatment.  

As discussed in Khandker et al. (2010, p.63), the estimated standard errors of the 

treatment effect in the PSM should include at least the variance attributed to the 

derivation of the propensity score and the determination of the common support. Failing 

to account for this will cause the standard errors to be incorrectly estimated.  

 

Bootstrapping is the solution to this problem. In the STATA program, ‘bootstrapping’ 

in PSM estimation is a procedure where repeated samples are drawn from the original 

samples and the ATT is estimated for each sample. Following this, the standard error of 

the ATT is calculated based on the results of that re-sampling. In this analysis, the 

bootstrapping was carried out for 1,000 replications. 

 

3.3 Sampling Design 

Sampling is a process of selecting observations or individuals from a chosen study 

group of the population. Since the data obtained from a sample will be generalised to 

the whole population, the characteristics of the sample should ideally be the same as 

those of the target population that are to be studied. 
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3.3.1 Target Population 

The target population of this study was a group of farmers who grew Longan only and 

resided within the 12 villages of the muang fai in Sop Rong. Population data for 2011 

were obtained from the Chiang Mai provincial and San Pa Tong district offices. The 

total population in Chiang Mai as of December 2011 was 1,708,564, which was 2.67% 

of the total population of Thailand. 

 

As shown in Table 3.3, the farmers were divided into two groups: farmers engaged in 

paddy farming and those involved in Longan farming. For the purpose of this study, all 

the farmers who were involved in paddy farming were discarded, because the small 

numbers of paddy farmers in this area make statistical analysis difficult. The group of 

Longan farmers was then divided into two groups: the muang fai members and non-

members (underground pump users).  

 

Table 3.3 shows the total population of the 12 villages that was engaged in the muang 

fai in Sop Rong. Among the total population of 1,869 households, the total number of 

households engaged in agriculture was 1,033 households. The other 836 households 

were engaged in other sectors. The official reports showed that 929 households were 

engaged in growing Longan (90%), while 104 households were paddy (10%) farmers 

(Chiang Mai Provincial Administrative Office, 2010).  
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Table 3.3: Total Population and Sample Size by Village and Type of Irrigation 

No Village Sub-District Total

Name Name Pop Agri Non-Agri Longan Others MF UG Total
1 San Pong Mae Ka 79 64 15 61 3 0 42 42
2 Sai Mul Mae Ka 173 56 117 43 13 13 14 27
3 San Khok Chang Mae Ka 185 82 103 65 17 10 17 27
4 Mae Khong Tai Mae Ka 182 89 93 76 13 59 3 62
5 Mae Khong Krang Mae Ka 121 70 51 70 0 56 2 58
6 Rong Khut Mae Ka 157 122 35 108 14 13 57 70
7 Mae Khong Nua Mae Ka 103 55 48 53 2 39 5 44
8 Mae Ka Mae Ka 127 63 64 56 7 8 25 33
9 Pa Kuay Mae Ka 103 76 27 74 2 55 2 57
10 Mae Kung Noi Thung Tom 241 115 126 105 10 12 14 26
11 Dong Pa Sang Ma Khun Wan 225 123 102 104 19 8 47 55
12 Dong Khi Lek Ma Kham Luang 173 118 55 114 4 27 42 69

Total 1,869 1033 836 929 104 300 270 570

Occupation Farmers Longan Farmers*

 

Source: Chiang Mai Provincial Administrative Office (2010), updated as at January 2011  
* Random Sample of Longan farmers who were surveyed, MF and UG signify muang fai and 
underground pump water users, respectively. 
 

3.3.2 Random Sampling Method 

The random sampling technique requires the use of a sampling frame or a list of the 

population, from which the sample will be drawn. For this study, the population data 

used to construct the sampling frame was obtained from various offices within the 

Chiang Mai province. Additional data on muang fai household members of each village 

was also provided by village headmen. This study adopted a stratified random sampling 

technique to draw samples. 

 

Several steps in the stratified random sampling technique were used to select sample 

farm households. Villages were the strata defined in this sampling, so that the final size 

of the sampling from each village was proportional to the number of Longan farmers 

from each village. Within each village (strata) the respondents were randomly selected 

to be interviewed. This process produced a probabilistically selected sample of 570 

households, composed of 300 farmers who were members of the system and 270 

farmers who were not. 
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3.4 Data Collection 

There were a few issues that needed to be taken into account in order to collect 

appropriate data for the methodology used. First of all, to ensure an unbiased 

comparison, the area that was chosen had to have the muang fai system in place. 

Furthermore, there had to be a significant number of farmers who were muang fai 

members and non-members. Ideally, it would be better if the particular muang fai 

system had similar characteristics to others across the area. For these reasons, the area 

that was used as the case study area was the area of the muang fai Sop Rong system.  

 

3.4.1 Description of Study Area 

The chosen study area was the muang fai Sop Rong irrigation system in northern 

Thailand. The system is located in the San Pa Tong district of the Chiang Mai province. 

The district, located on the north-western side of the province, is one of 25 districts in 

Chiang Mai. The district is divided into 11 sub-districts which comprise 122 villages. 

The muang fai Sop Rong provides irrigation water to four sub-districts of San Pa Tong 

districts: Mae Ma, Thung Tom, Ma Khun Wan, and Ma Kham Luang. 

 

The muang fai Sop Rong is located on the right bank of the Ping River at Tambon Nong 

Tong, Amphur Hang Dong, Chiang Mai province. The muang fai Sop Rong is a major 

source of agricultural water used in this area. The system supplies irrigation water to 

937 ha of land, distributing water through its 7.8 km long main canal, which passes 

through 12 villages (Sai Mul, San Khok Chang, Mae Khong Tai, Mae Khong Krang, 

Rong Khut, Mae Khong Nua, Mae Ka, Pa Kuay,  Mae Kung, Dong Pa Sang, and Dong 

Khi Lek villages) (Ounvichit et al., 2008).  
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3.4.2 Data Sources 

Both qualitative and quantitative data were collected from primary and secondary data 

sources. The primary data used in this study came from a household survey discussed 

below. Rainfall is described in Appendix B. 

 

The survey was conducted during the months of March to May, 2011. It was carried out 

using direct interviews at the farm sites within the muang fai Sop Rong area. The survey 

aimed to collect information on farm structure, land use, demography, and socio-

economic characteristics of farm households. Most importantly, information was 

collected  that illustrated the reason for adopting, or not adopting the muang fai system. 

The opinions of farmers on muang fai management and the system’s administration 

were also collected, although this was not the focus of the research in this thesis.  

 

The questionnaire was designed to suit the chosen method. The collected information 

was primarily based on the variables needed in the logistic model and PSM method. 

Prior to the interview, each respondent was given information about the purpose of the 

study and an idea of the information expected to be collected from the interview. The 

study objectives and questionnaire were first discussed and explained to the sampled 

farmers. When the farmer was found to be willing to answer questions, the interviews 

progressed. All this was done to enable enumerators to establish good rapport and 

encourage respondents to cooperate and hopefully give honest and unbiased answers. 

 

The secondary data were collected from published and unpublished reports from various 

government agencies in the Chiang Mai province. Most of the relevant data were 

obtained from the Royal Irrigation Department of Thailand (RID), the Chiang Mai 

Provincial Administrative Office and various Sub-district (Tambon) Administrative 
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Organization (SAO) offices. In addition, information regarding the design of the 

questionnaire was obtained from various informants such as present and former muang 

fai managers, village headmen, and some farmers. 

 

3.5 Questionnaire Design 

Generally a questionnaire is a tool used for obtaining primary data from respondents 

that includes a list of questions and response options that address the study objectives. 

The important task at this stage was to create a questionnaire that could translate the 

research questions into a form that was simple and consistent. Ideally, the questionnaire 

should contain sufficient information for the respondent to understand and be able to 

provide  answers.  

 

The questionnaire used to collect the data for this study was divided into four sections (a 

copy of the questionnaire can be found in Appendix C). The first part, it seeks to for 

information on demographic and education background concerning the respondents. In 

the second part, the respondents were asked about their farming specific characteristics 

such as farm size and farming activities. Finally the third part of this questionnaire 

asked the questions on socio-economic factors which may include household income 

and employment characteristics of the respondents.  

 

Furthermore, for this study, the questionnaire was written in English and then translated 

into a local Thai language in order to better communicate to the villagers to help them to 

have a clear understanding of the questions. The questions were also designed to avoid 

offence and ambiguity.  
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3.5.1 Focus Group Discussion (FGD) 

In order to address this research aim, focus group discussions and observations were 

first used with the target survey respondents. A focus group discussion (FGD) was 

designed to collect relevant qualitative information prior to compiling the questionnaire 

in order to gain an in-depth understanding of the study area. The focus group provided a 

better understanding of our target survey respondents and the study subject.  

 

The informal style of a FGD assisted in understanding how the respondents would react 

or respond to the questionnaire. The FGD group was composed of a small group of 

people who shared similar characteristics to the target population. The group was 

composed of some key relevant informants who had knowledge of the study area, such 

as local irrigation experts, local administrative office staff, and farmers who were 

located in the study area. 

 

For the purpose of this study, only one FGD was conducted prior to the pre-test survey. 

The FGD participants were personally invited by two research assistants who explained 

what was involved in the FGD meeting. The FGD meeting was conducted at the muang 

fai Sop Rong manager’s residence (see Figure 3.3). The meeting lasted for five hours. 

There were six female and eight male participants. The participants consisted of one 

muang fai manager, one former muang fai manager, six muang fai leaders from 

different participating villages (three muang fai members and three underground pump 

irrigation water users), and two agriculture experts from both private and government 

agencies whose work was related to the muang fai Sop Rong area. There were also four 

members of the research team participated in this meeting. 
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Figure 3.3:  Focus Group Discussion at Muang fai Sop Rong Manager’s Office 

 

The FGD questions were prepared thoroughly prior to the meeting. They were designed 

to be able to capture the information necessary for devising the questionnaire. The 

questions sought general information about the muang fai irrigation system such as: 

how the irrigation system has been managed; how the system has been operated; what 

other types of irrigation have been adopted in the study area; and what problems people 

encounter when accessing water for agricultural activities. During the meeting all the 

participants took part in the discussion and shared knowledge with each other. All 

participants were given the opportunity to put their views forward in order to ensure that 

all the participants had an input in the meeting. 

 

The additional information from the FGD meeting was helpful for refining the draft of 

the questionnaire. For example, the information regarding how farmers irrigated their 

farm differed from what was assumed it would be. In addition, the FGD provided 

information about the operation of the system which was reflected in the wording of the 

questionnaire. Information from the meeting was also used to edit the sequence of 
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questions in the questionnaire to make the questionnaire less confusing and more simple 

for farmers to understand. 

  

Specifically from the FGD meetings, pumps were found to be used by all households, 

both by muang fai members and underground pump users. In terms of water quality, 

farmers confirmed that the muang fai provided better quality water than pumping 

underground water. This resulted in a higher quality of Longan fruit, and better market 

prices. Farmers mentioned that underground water had a high content of “rust” which 

reduced the size of Longan fruit12. They also stated that muang fai users spent less time 

pumping water into the pipes that were directly connected to sprinklers on the farmland 

compared with underground pump users who had to spend more time pumping water up 

from underground. This shorter pumping time resulted in lower petrol costs.  

 

During the meeting, the key question regarding the reasons for becoming a muang fai 

member was raised. The majority of participants stated that the farmland belonging to 

most of the muang fai members was located close to the muang fai canals which 

provided easy access to muang fai water. The capacity of a muang fai irrigation system 

to provide sufficient water to farmers all year round was considered a key element in 

explaining why the muang fai system has maintained its existence for so long and is still 

supported by farmers in this region. Up until now the government has not provided 

significant support to the system, so the sense of self-management has been maintained. 

 

3.5.2 Selection and Training Enumerators 

Prior to the commencement of the survey, enumerators were selected from a group of 

university students from the Department of Sociology and Anthropology, Faculty of 

                                                
12  Water quality tests were conducted on eight farms to compare the quality of water on muang fai and 
non-muang fai farms. The results of the water quality testing are shown in Section 3.7.  
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Social Sciences of Chiang Mai University. The enumerators were expected to have 

experience in conducting similar types of surveys. Farmers in the study area commonly 

spoke the local Thai language (Kham Muang). In addition, some survey questions 

required the enumerators to perform some basic numerical data calculations. The most 

preferable enumerators were students who had a background in quantitative studies and 

were also originally from the northern Thailand region. At the end of the enumerator 

selection process 14 students who were qualified to be our enumerators were employed 

for this study. The survey was conducted during the three months from March to May, 

2011.  

 

In early March, 2011, the enumerators were trained twice a week over a period of two 

weeks. The content of each training session varied. The training involved reviewing the 

survey questionnaire and interview techniques. The main focus of the training was to 

ensure that the enumerators were aware of the aim of the research survey. They were 

informed about the main purpose of the study, and the relevant information that was 

expected to be gained from the survey. The training also emphasised the sharing of 

knowledge on how to approach the respondents in the various villages in the study area. 

Moreover, role play was repeatedly used during the training to check whether the 

questionnaire still needed to be refined. By the end of the training, the enumerators 

possessed the knowledge and self-confidence to perform the tasks required of them 

during the survey.  

 

3.5.3  Pre-Test of the Questionnaire 

Pre-testing the questionnaire was a crucial step in the questionnaire development 

process. After the FGD was completed, the next step in the questionnaire design was to 

perform a pre-test to find out the effectiveness of our survey questions. This allowed us 
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to test the draft questionnaire to determine whether it would work successfully or 

whether it needed to be corrected or improved before the start of the actual survey. 

 

After the FGD meeting was completed, the 14 student enumerators did the pre-test 

survey in the village using the draft survey questionnaire with Longan farmers, 

consisting of both muang fai members and non-members. The purpose of the pre-test 

was to check whether the questionnaire was easily understood and reliable. It was also 

used to reveal any other problems that might arise that could potentially obstruct the 

collection of data.  

 

The aim of the pre-test survey was also to identify and address any problems with the 

questionnaire in regard to the language or wording and sequencing of the questions. The 

practice run pre-test was expected to help detect problems earlier and provide an 

opportunity to improve the questionnaire. Conducting the pre-test confirmed that the 

information intended to be conveyed to the target respondents was properly delivered.  

 

Prior to each interview, the enumerators were required to inform and clarify the purpose 

of the survey with the respondents. During the pre-test survey, it was ensured that all the 

enumerators had the same understanding of all the questions and emphasised that the 

respondents to be interviewed would be asked to answer all of the questions in the 

questionnaire. The enumerators were also asked to record the time that they needed to 

complete the interview, and to determine whether the respondents could understand the 

questions and whether the sequence of the questions was appropriate. When the 

enumerators returned from the field, they indicated that farmers found it difficult to 

understand some terms and some ambiguous phrases in the questionnaire. In addition, 
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the sequence of the questions was somewhat confusing for both enumerators and 

farmers.  

 

At the end of each survey day, all the members of the survey team met to discuss how 

they could overcome these problems. The enumerators then used the revised 

questionnaire from the previous day as the pilot survey. This process of editing the 

questionnaire was performed several times during the first week. As the original 

questionnaire was in English, it had to be translated into the local Thai language 

because in the study area English is not widely understood or spoken. Some questions 

were not easy to understand as the appropriate Thai terms hadn’t been used. Prior to the 

main survey, a draft version of a Thai questionnaire was translated and interpreted. In 

summary, the pre-test helped to improve the questionnaire: to correct and improve the 

translation of language and terms; rearrange the sequence of questions; add necessary 

questions that had been omitted and remove unnecessary ones; and record the time 

spent for each interview.  In developing the final survey form, the questionnaire was 

revised and finalised on the basis of the pre-test results. The questionnaire will then be 

revised on the basis of the respondent’s input and feedback.  

 

After the final draft of the questionnaire had been produced (see Appendix C), the 

survey was carried out by means of a questionnaire filled in during direct interviews at 

farm locations in the muang fai Sop Rong area during the months of March until May, 

201113. Before commencing the survey, the survey team was located in the study area. 

To minimise the costs of travelling and having easy access to data sources when 

necessary, a house was rented for two months for the enumerators to live in during the 

survey period. After the survey each day, the team leader examined the quality and 

                                                
13 The questionnaire was approved by the Charles Sturt University Human Ethics Committee on the 8th of 
March, 2011 (Approval/Protocol number: 2011/033). 
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number of the surveys completed. They evaluated the results of the survey and then 

made plans for the next day.  The survey was completed at the end of May, 2011. 

 

3.6 Method of Measuring Water Use 

There were two other important variables that were used in the data analysis. These 

variables were productivity, which was measured by farm sales value per hectare per 

year, and water use efficiency, which was measured by the amount of water use per 

hectare per year. Productivity was more easily measured by questioning the farmers. 

Measuring water use efficiency, however, was more challenging as it required 

measurement of the volume of water used in the farming process. 

 

Due to time and cost constraints, it was not possible to measure the rate of water flow 

for all samples. Thus, water flow measurements for only 45 households, both muang fai 

members (20 households) and underground pump users (25 households), were 

conducted. This information was then used to estimate the water flow for all samples 

using variables common to all farmers who were interviewed. The common variables 

were the frequency of irrigation and characteristics of the pumps the farmer used. The 

rate of water flow was estimated using an estimated equation linking the pump 

characteristics and rate of water flow. Figure 3.4 illustrates how the water flow 

measurements were collected. 
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Figure 3.4: Measuring the Rate of Water Flow 

 

The amount of water used in the production of the Longan for each farmers in the 

sample was calculated using the following formula: 

푉 = (푀 × 푊 ×퐷 × 퐻 × 퐹) + (푀 × 푊 × 퐷 × 퐻 × 퐹) 

where, 

푉 = Total volume of water used in producing Longan (cubic meter) 

푀  = Number of months the farm was irrigated in the growing season 

푊  = Number of weeks every month the farm was irrigated in the growing season 

퐷  = Number of days every week the farm was irrigated in the growing season 

퐻  = Number of hours every day the farm was irrigated in the growing season 

푀  = Number of months the farm was irrigated in the non-growing season 

푊  = Number of weeks per month the farm was irrigated in the non-growing season 

퐷  = Number of days every week the farm was irrigated in the non-growing season 

퐻  = Number of hours every day the farm was irrigated in the non-growing season 

퐹 = The rate of water flow in cubic meters per hour irrigated 
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F was the inverse of T, or F = 1/t. The rate of water flow, F, was measured by running 

the pump and recording the time (t) needed to fill a 52 litre bucket (see Figure 3.4).  

  

Due to the cost of carrying out the measurement, t was only measured for 45 farmers 

representing all variations in the power of the water pump (horse power or HP), and the 

source of the power (electricity or petrol) for each group (muang fai or non-muang fai).  

 

3.7 Conclusion 

This chapter has provided a description of the methodology and the statistical analysis 

which was employed to analyse the relevant data used in this study. It offers a 

discussion of the broad research paradigm adopted in this study, the development of the 

preliminary and follow-up surveys; the details of data collection procedures; the 

description of the design of the survey instrument; and how the validity and reliability 

of the survey instruments were tested.   

 

First of all, the logistic model was used to examine what factors determine a farmer’s 

decision to adopt the community-based muang fai irrigation system. The model was 

used to represent the choice between two mutually exclusive options: a farmer may 

decide to use water from the muang fai, or to rely on an alternative system i.e., 

underground pump irrigation.  

 

The assessment was based on identifying which system was better in terms of farming 

productivity and water use efficiency. If the muang fai system can be shown to promote 

water conservation through improved water use efficiency, and to improve the welfare 

of rural society through improving farming productivity, it would be considered the 



74 

 

better alternative. The detail of the estimation using the logistic regression is explained 

in Chapter 5. 

 

 The PSM method was applied to determine whether farmers who were members of the 

muang fai irrigation system used water more efficiently than farmers with alternative 

sources of irrigation. The method used is discussed in detail in Chapter 6. 
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Chapter 4 

The Muang fai Sop Rong Irrigation System: 

Management, Geographical, and Socio-Economic 

Conditions 

 

4.1 Introduction 

This chapter contains a geographical description of the study area in which the muang 

fai Sop Rong is located. The characteristics of the irrigation system as well as the socio-

economic status of the farmers in the area are explained. Specific features of the 

location such as the study area’s geographical structure, topography, and climate are 

described in Section 4.2. The technical specifications and management of the irrigation 

system are detailed in Section 4.3.   

 

In this chapter, the management of the system will be discussed in the context of 

Ostrom’s Design Principles of Common Pool Resource (CPR). Furthermore, socio-

economic and farming characteristics such as education level, employment status, and 

socio-economic factors are discussed in Section 4.4. 

 

As discussed in Chapter 3, a survey focused on a group of Longan (the main crop in the 

region) growing farmers in the muang fai Sop Rong irrigation system was conducted. 

This survey provided much of the data outlined below, but this was supplemented by 

information from other sources.  
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4.2 Geographical Description of Study Area 

The chosen case study area was located in the San Pa Tong district where the muang fai 

Sop Rong irrigation system is situated. The San Pa Tong district is located on the north-

western side of Chiang Mai province in northern Thailand. Chiang Mai is the second 

largest city in Thailand. Based on data obtained from the National Statistical Office of 

Thailand, or TNSO (2011), the province is situated between latitudes 17 – 21 degrees 

north and longitudes 98 - 99 degrees east, about 720 km north of Bangkok and 

approximately 310 metres above sea level.  

 

As shown in Figure 4.1, Chiang Mai province is situated in the north of the country 

where the border of the province is connected with Myanmar. Chiang Mai province is 

divided into 25 districts, with 204 sub-districts (within which there are 2,024 villages). 

The total land area is approximately 20,107 km2 (5,085,649 hectares), while the 

agricultural area is approximately 2,578 km2 (652,050 hectares) or around 12.82 per 

cent of the total land area (TNSO, 2011). 

 

The province is surrounded by mostly high mountain ranges and hilly plains along the 

Mae Ping River basin which is one of the major tributaries of the Chao Phraya River, 

the main river of Thailand.  

 

4.2.1 Location of the Study Area 

The muang fai Sop Rong system is one of the largest communal irrigation systems in 

northern Thailand. It is situated on the right bank of the Ping River at Tambon (sub-

district) Nong Tong, Amphur (district) Hang Dong, in Chiang Mai province.    
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The system supplies irrigation water, as the major source of water used, to 937 hectares 

of agricultural land. As shown in Figure 4.2, the system distributes water through its 7.8 

km long main canal, traversing through 12 villages (Ounvichit et al., 2008, p.148). 

 

 

Figure 4.1: Study Location of Chiang Mai Province in Northern Thailand 
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4.2.2 Topography and Climate 

The topographical structure of Chiang Mai comprises mainly mountains and valleys 

with abundant forests. It is a high rainfall area. 

 

 

Figure 4.2:  The Study Area of the Muang fai Sop Rong Irrigation System 

 

In Chiang Mai, the weather is usually temperate all year round with maximum 

temperatures between 12.5°C to 38.0°C. Nonetheless, there are three distinct seasons. 

The rainy season normally runs from May until October with maximum temperatures 

between 20.6°C to 35.7°C, while in summer (March until May) the temperature is 

usually between 13.8°C to 38.0°C. In winter (November until February) maximum 

temperatures usually range from 12.5°C to 34.3°C (Meteorological Department of 

Chiang Mai, 2012).  
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The data obtained from the Meteorological Department of Chiang Mai also shows that 

the amount of rainfall in Chiang Mai province during the rainy season is often limited.. 

Also the amount of rainfall varies across the region from 700 mm to 1500 mm. As a 

result, agricultural land use usually varies from the plains, with less rainfall, to the 

wetland mountainous areas. 

 

4.3 Structure of the Muang fai Irrigation System 

4.3.1 Muang fai and Other Types of Irrigation Systems in 

Thailand 

The muang fai system has mostly been practised in northern Thailand. The other 

regions of Thailand use various other types of irrigation systems depending on the 

distinct land structure and quantity of rainfall of each region (Ounvichit, 2007, p.27).  

 

Table 4.1 summarises the topographical features of each of the six geographical regions 

and their specific irrigation management system. 

 

Table 4.1: Geographical Regions and its Irrigation Management in Thailand

Regions Topographical Features Water Management
Northern 
Highland

High mountainous range, hills and steep 
river valleys

The communal 'Muang fai' 
system

Northeast 
Plateau

Dryland, flat plateau, and rocky hills Rain-fed culture development; 
eg. Royal Rain

Central 
Plain

Alluvial flat plain landscape Farming management to suit 
flooding condition

Eastern Short mountain range and short rivers Construction of ponds or 
'barai '

Western High mountains and steep river valleys
Many major dams established

Southeast 
Coast

Rolling and mountainous terrain and 
small watersheds

The ' Suan Som Rom ' mixed 
orchards farming 
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In the Eastern region of Thailand the “Barai” irrigation system has been established. 

The word “Barai” comes from the “Baray” which refers to a large man-made reservoir. 

It was originally created by the ancient Khmers to provide irrigation water for their 

daily needs. The Barai irrigation system is a type of massive reservoir that holds water 

from rivers and rain. It can ensure that a large proportion of populations in the area has 

adequate drinking water and also water to harvest crops. The system enables the 

production of several rice harvests each year. It is very reliable and efficient.  

 

Suan Som Rom (mixed orchard farming) refers to the mountain orchards of Thailand. 

Suan means orchards, and Som Rom means a mixture of things. Suan Som Rom in the 

Khiriwong community in southern Thailand has a unique way of preserving their 

natural resources. Suan Som Rom activities aim to help to pass on ancestors’ wisdom, 

crucial values of nature, and community-based management. Young people are 

encouraged to form groups to pass on the knowledge among each other and to future 

generations. In addition, more efforts have been placed on activities that ensure that 

there is a minimal impact on the natural balance. Nowadays many people have learned 

from the sustainable way of the Suan Som Rom that has developed over the centuries, 

and which indicates how the community needs to maintain the use of land in a 

sustainable way.  

 

Nonetheless, the muang fai system appears to be the system that is most appropriate for 

the topographical structure of northern Thailand which consists of hills and mountain 

ranges. 
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4.3.2 Physical Structure of the Muang fai Irrigation System 

Traditionally, the muang fai irrigation system was constructed from natural materials. It 

was an impermanent system which was quite flexible to repair or restore. However, 

nowadays most of the systems have been improved and replaced with government 

support by concrete structure. For example, in the muang fai Sop Rong irrigation 

system, almost all the canals going through the members’ farm are made of dirt, 

whereas the weirs and the main gates on the river are made of concrete. Prior to the 

construction of a muang fai irrigation system, the characteristics of topography such as 

the slope of the hill, water flow rate, fluctuation in water depth, flood level, and water 

requirements for farm usage on both banks of the river are generally considered (Na-

Tarang, 2001, p.37). 

 

Nowadays the modern concrete muang fai systems are scattered around the northern 

part of Thailand. The concrete weir has a more stable physical structure and it seems to 

gradually be replacing the traditional ones.  In previous field interviews, farmers stated 

that if they had a concrete canal, they wouldn’t need to clean the canals as often as 

every month. Concrete canals are less labor-intensive to clean and maintain. Most of the 

weirs along the Ping River are fairly durable as they are made from large logs and 

rocks. However they are similar to the smaller systems, and are likely to be damaged by 

floods and require frequent repairs (Cohen & Pearson, 1998, p.2). 

 

Figure 4.3 shows an example of the basic physical structure of a muang fai irrigation 

system. The irrigation system is constructed with the purpose of diverting water from a 

river or a major canal. From the main canal (muang), farmers lay down a water sluice 
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gate (tae)14 to obstruct water so it will flow slowly, or to raise the water level in order to 

pump water to cultivated areas (Lertwicha & Wichienchai, 2003, p.80).  

 

The irrigation system comprises a number of water sluice gates (tae) to control the flow 

of water. Usually the muang fai system is built on water streams up to 20 metres wide 

and can raise the water level by up to 2 metres or more (Falvey, 2001, p.53). The system 

functions by weirs (fai), which allow water to pass through and over a barrier. Stones, 

poles and sand are often placed on the river bed to raise the water level so it can flow 

into the canal (lam muang) system.  

 

The muang fai Sop Rong system originally depended on a small weir to raise the water 

level in the stream up to the level required. The water was delivered to paddy fields or 

cultivation plots along dirt lateral canals. The rock-filled muang fai Sop Rong that exists 

today is the outcome of the transformation of two wooden weirs: the muang fai Rong 

Krua Kam (which was located approximately 300-400 metres upstream) and the muang 

fai Sop Rong. In 1987, with Thai government funds, the Royal Irrigation Department 

(RID) transformed these two muang fai into a rock-filled weir with a permanent 

concrete headwork structure as shown in Figure 4.4. 

 

                                                
14 “tae” or “kon-tae” have the same meaning which is water sluice gate. 
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Source: Suraserk (1998) in Falvey (2000, p.54) 

Figure 4.3: Structural Design of the Muang fai Irrigation System 

 

Source: Author’s picture was taken at the study site (May, 2011) 

Figure 4.4: The Muang fai Sop Rong at the Headwork Area 
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4.3.3 Management Structure of the Muang fai Irrigation 

System 

This section explores the existing water resource management within the muang fai 

irrigation system. This section provides detailed information about the institutional 

arrangements in the context of the communal irrigation management, including the 

water distribution system; the committee and administrative arrangements; the muang 

fai agreement on water usage and its management (called ‘Sunya Muang fai’); annual 

weir maintenance; and conflict resolution mechanisms including rules and penalties.  

 

This section also examines a number of questions: How do local people manage 

irrigation water? What are the current problems related to water shortage in both the wet 

and dry seasons? What are the advantages and disadvantages of a muang fai irrigation 

system compared with the alternatives? And what alternative type of irrigation system 

other than the muang fai has already been established there? At the end of this section, 

the system’s characteristics are discussed in the context of Ostrom’s principles of CPR. 

 

Management  

The management structure of the muang fai Sop Rong is composed of a manager and a 

group of delegates from each village that the system services. The management group 

sets up rules and agreements for general water management and maintenance. The 

agreement outlines how farmers in each village who join the muang fai Sop Rong can 

contribute to the group, usually by maintaining their own water management and 

following the rules of the system. The existing agreement and future arrangements are 

usually announced publicly at communal meetings conducted by the muang fai 
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manager. The key element of the system is fairness in the water distribution for all water 

users. (Information obtained during interview discussions.) 

 

Fees 

The fees paid  by muang fai members help to maintain and improve the irrigation 

system. Fees are collected on a per annum, per rai basis, and are not related to the 

amount of water used. In the majority of muang fai systems, the fees collected are used 

to cover the costs of repairs and maintenance related to the muang fai system. However, 

this principle does not apply in the case of the muang fai Sop Rong, since members 

provide their own labour for repairs and maintenance on a collective basis. As a 

consequence, the annual fee is small; approximately 25 baht ($AU 0.83) per rai per year 

for each member (household). In the muang fai Sop Rong, the annual fees are only used 

for paying the salary of the muang fai manager (kae-fai) and other administrators who 

manage the system, including the muang fai leader of each village, and other muang fai 

administrative staff. Because this is a small wage, the muang fai manager (kae-fai) will 

be exempted from many commitments such as providing wood for weir building, 

supplying labour for weir cleaning, and even making financial contributions. Sometimes 

he even receives additional water (depending on the size of his farmland) as an 

incentive. This remuneration system is similar to what occurs for other muang fai 

administrators (Surarerks, 2006, p.48). 

 

Water Distribution 

The current structure of water management in the Sop Rong irrigation system is only 

based on a set rotation schedule when water becomes limited. The tail end villages 

receive the water first, then it moves along to the head end of the village. If the water 
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supply is not limited then there is normally a constant supply of water all year round. 

Each year the muang fai gate is closed when any cleaning or maintenance is needed.  

 

The arrangement of muang fai water allocation is generally based on a queuing system. 

Each household receives a queue card which states when they can use water from the 

weir. If they don’t want to use the water when it is their turn, they can exchange with 

other members of the village. Each day, the gate of the weir is opened to let water out 

from the headwork area to distribute it to one part of the weir area, starting from the top 

to the tail end (usually the distribution corresponds to a group of about five farmers per 

day). Water from the weir will then be distributed to each farm along the irrigation 

canals, which have been constructed to pass through farmland areas.  

 

At each farm, there is a water entranceway that allows water from the muang fai canal 

to enter the farmland. The water entranceway is blocked when it is not their turn. Each 

person who holds a queue card for a particular day has the right to open their water gate 

to let water on to their farmland. They have to stay and oversee that the water flow is 

not excessive. If they waste water without watching it while it is running, they will have 

to pay penalty charges. (Information obtained during interview discussions.) 

 

Violation of Rules 

From the field study interviews, the muang fai manager (kae-fai) of Sop Rong stated 

that there were still cases of water management problems, but they were infrequent 

following the introduction of the muang fai agreement, or ‘Sanya Muang fai’, which 

contains rules and regulations that all members must follow. If someone violates the 

rules of the agreement, the case will be handled in the monthly meeting by the muang 
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fai manager and the accused will be charged with the penalty indicated in the 

agreement. (Information obtained during interview discussions.) 

 

Member’s Responsibilities 

To have the right to use water from the muang fai system, villagers have to register to 

be a member otherwise they do not have the right to withdraw water from the muang fai 

canal even though water could be passing through their farmland. At present, there are 

no charges for water used per cubic metre. The only costs are the annual fees that 

muang fai members have to pay. These fees cover the costs of operating, maintaining, 

and improving the system. 

 

In the Chiang Mai–Lamphun basin, flooding often causes severe damage to small-scale 

irrigation systems, so weir cleaning is a necessary task for members of the muang fai to 

perform at least twice a year. Weir cleaning is a communal responsibility among the 

members of the muang fai. During the peak period of the wet season, members must 

clean up weeds and clear away mud and silt that prevents water flow along the muang 

fai canals. In the case of the muang fai Sop Rong, the weir cleaning activity is usually 

carried out at least five or six times a year. Usually a fraction of membership fees is 

used on expenses related to muang fai cleaning activities. However, in the case of 

muang fai Sop Rong, any weir cleaning expenses are collected in addition to the annual 

fees. The weir cleaning fees for each village vary based upon the agreement among the 

members of each particular village. 

 

The fieldwork study showed that a strong relationship between members in the 

community was essential to a successful muang fai irrigation system. The process of 

constructing canals (muang) encourages cooperation among water users who help each 
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other to carry out community work. Community work is also regularly scheduled for 

cleaning the structure. The family-like relationship reduces conflict in the community 

and aids communal decision making. Hence, the muang fai system offers not only water 

management cooperation, but also provides other community benefits. Presently, with 

water conflicts in many regions (Flatters & Horbulyk, 1995), it comes as no surprise to 

find that many villagers believe that water management under the muang fai system is 

more promising. People still respect and rely on their local customs, rules and 

regulations for water management rather than adopting the modern irrigation laws 

issued by the government (Shivakoti & Bastakoti, 2006). 

 

The Muang fai as a Common Pool Resource (CPR) Management System 

The muang fai could be considered to be a class of farmer-managed irrigation systems. 

This practice, sometimes called a communal, traditional or people’s irrigation system, 

has been well documented. There is a large body of evidence from many countries that 

such a system can survive for generations and effectively function to provide water for 

agriculture (Manor & Chambouleyron, 1993). This evidence was one of the primary 

foundations of Ostrom’s (1990) theory of CPR, which clearly states that CPR, like 

water for irrigation, can be managed independently and effectively by their users 

without being privatised or handed over to a centralised government. From a large 

number of such success stories, Ostrom (1990) highlights several principles that need to 

be followed for a CPR like irrigation water, to be managed effectively. As will be 

explained later, the muang fai system fits these principles almost perfectly. 

 

Prior to the emergence of modern irrigation in 1969 by the RID of Thailand, local 

agricultural communities in northern Thailand had widely adopted and practised a 

more-than-700-years-old traditional, communal irrigation system called muang fai 
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(Surarerks, 1986, p.13). Wichienkiew et al. (2003, p.120) and Surarerks (2006, p.44) 

also noted that the muang fai system has a long history, where people in the community 

have been applying local knowledge to the practice of managing water for irrigation for 

agricultural purposes. This long existence is evidence that the system has served its 

purpose of supporting agriculture in Northern Thailand. 

 

Table 4.2 summarises some important principles of muang fai management that accord 

with Ostrom’s (1990) Design Principles. The analysis summarised in the table supports 

the view that the muang fai irrigation system to a large extent is governed by Ostrom’s 

Design Principles of effective CPR. The muang fai Sop Rong closely corresponds with 

these principles. 

 

Recently, the muang fai system has been challenged by the introduction of  various 

alternative irrigation technologies, including privately-owned underground pump 

irrigation, that have the important advantage of providing water to the individual 

unconstrained by the operation of the communal system. 

 

Table 4.2: Set of Rules that Govern muang fai in relation to Ostrom’s (1990) 

Design Principles 

No. Ostrom’s 

Principles of Effective CPR 

Muang fai 

Communal Irrigation Management 

1 The rules should be clearly 

defined and prescribed. What 

The rules of governing muang fai  are formally 

written in the ‘Sanya Muang fai’15(Cohen & 

                                                
15 ‘Sanya Muang fai’ is an agreement that specifies community rules drafted under the consent and 
agreement of all members, including the irrigation administrators and the rest of the water user members. 
The agreement defines rules and penalties to ensure fair water distribution, participation in system 
maintenance, and establishment of social contracts between people. These rules incorporate such issues as 
water allocation, dispute settlement, and recruitment of labour for weir and canal maintenance. 
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are members’ titles and 

duties, and what are they 

required to do? 

Pearson, 1998, p.8). These rules have been 

practised for hundreds of years and still remain 

largely unchanged (Surarerks, 2006, p.45). 

Members are divided into two groups: a group 

of administrators who manage water allocation 

to users, and the other group which comprises 

water users. The administrators include the kae-

fai16 (leader), kae-moung17 (leader of a particular 

canal), lam-nam18 (assistant to the leader), and 

liab-nam19(water manager) (Neef et al., 2006, 

p.4). The method of selection of those positions 

is clearly described in the Meng Rai Law Book20 

(Shivakoti, 2000, p.2). 

2 The rules regarding common 

resources allocation and 

provision are adjusted to 

local conditions. 

The rules of water allocation of each muang fai 

irrigation system usually differ from each other 

depending on the diversity of local conditions. 

The rules of each system usually follow local 

geographical conditions of water sources, forest 

cover, and technical possibilities when 

                                                
16Kae-fai is a leader of a water user group who is elected from members of the muang fai community. 
Some communities may have many muang fai leaders, depending upon the size of the community. His 
duties also include making sure that every member, including himself, is following the muang fai 
agreement very closely. 
17Kae-muang is another leader of a water user group and is generally chosen from a group of farmers who 
work along a particular lam-muang (canal). 
18Lam-nam is an assistant of the kae-fai whose main task is as a water messenger in the muang fai group. 
He acts as a coordinator between the kae-fai and members of the muang fai irrigation system. 
19Liab-nam acts as an irrigation water manager. His duty is to check that water is allocated equally among 
members of the muang fai system. He is also in charge of collecting fees for irrigation and organising 
ritual ceremonies. 
20 A well-documented irrigation law in northern Thailand, from the reign of King Meng Rai in the 
thirteenth century. This indicates that the muang fai system is a widespread and for some time a well-
managed irrigation system in the northern river valleys.  
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allocating water.  

3 Decision processes are 

democratic, in the sense that 

a majority of users is 

required for a modification of 

the rules. 

The monthly meeting is a regular place where 

matters are discussed and settled. Typically, 

voting will be conducted when an agreement 

cannot be reached. Modification of the rules to 

accommodate any new situation normally 

requires agreement of members through 

majority voting.  

4 Monitoring and sanctioning 

should be carried out either 

by the users themselves or by 

someone who is accountable 

to the users. 

Each member is responsible for monitoring and 

overseeing their turn to withdraw water from the 

canals. They have to stay and watch during the 

time that they withdraw irrigation water for their 

farmland to prevent situations of excess use and 

water stealing from neighbouring farmland. If 

they waste water without watching while it is 

running, they have to pay charges. 

5 Sanctions should be 

graduated, minor for the first 

violation and more severe as 

violations are repeated. 

Members must pay a fine if they break the rules 

such as skipping the weir cleaning schedule. The 

fine is based on the labour wage. Members will 

normally be charged higher fines if they violate 

the rules a second time and even higher fines if 

they continue. Persistent violation will result in 

termination of their membership. 

6 Conflict resolution 

mechanisms should be in 

place. What individual 

There are rules and regulations in ‘Sanya Muang 

fai’ that strictly state the penalties that all the 

members should respect and act upon. Penalties 
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actions are allowed or 

forbidden in given situations? 

are enforced (Rerkasem, 2003, p.115). If there 

are any conflicts or arguments among the 

members, the kae-fai and management team are 

responsible for solving and reconciling the 

problem as soon as possible. 

7 The right of users to self-

organise is clearly recognised 

by outside authorities. 

Even though the government occasionally 

provides financial support for construction to 

improve the system, the government and/or 

other outside institutions do not interfere with 

the management aspects of the system. The 

government recognises the muang fai group as 

one independent entity. 

8 An individual’s duty to 

maintain the resource should 

stand in reasonable 

proportion to the benefits. 

One of the main responsibilities of the members 

is to participate in annual cleaning and repairing 

of the weirs. This is an entirely co-operative 

activity among members of a muang fai. To a 

large extent, their responsibility is proportional 

to the amount of water they use as approximated 

by their land size. Someone who has less 

farmland would need to offer less labour.  

 

Underground water for irrigation is freely available to those who can access it. In 

various places including the case study region, the muang fai and underground pumping 

systems co-exist. This co-existence of two different management systems enables a 

natural experiment to be performed to test whether the traditional system still has 

advantages over its alternative. 
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There are many reasons to expect that a muang fai irrigation system can give greater 

economic benefits than alternative irrigation systems. Coming from a surface water 

stream, muang fai water is typically of better quality. Better quality water contributes to 

higher farm productivity and better quality crops. This results in higher income for the 

farmers who use it. The muang fai system also has many other characteristics that 

together generate other benefits for farmers. For example, the system usually has long-

established rules and extensive traditional knowledge of water management. The 

irrigation water distribution schedule can have a fixed rotation order and farmers are 

certain about when they will get their share of water, particularly during droughts. 

Members also participate in cost sharing, system operation and maintenance. The 

system contributes to preserving and maintaining local watershed management.  

 

Furthermore, the system encourages knowledge sharing among members from diverse 

backgrounds about common problems such as water shortages, and crop failure, and 

indeed any practical farming issue. These advantages must be offset against constraints 

imposed on farmers by the communal irrigation system. 

 

4.4 Famers’ Socio-economic Conditions 

In this section, various relevant socio-economic issues of farmers visited during the 

survey are highlighted. Primarily the household-level survey was undertaken to gather 

data on household demographic characteristics, farm characteristics, social capital, 

agricultural production, and socio-economic characteristics, including income sources, 

for muang fai irrigation and underground pump users. A comparison of income and 

agricultural production between both types of irrigation users is also discussed. 
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4.4.1 Demographic Characteristics 

Table 4.3 shows the summary statistics for household demographic characteristics such 

as age, gender, marital status, household size, education, and employment status of the 

farmers surveyed. Generally, farmers in the study area were predominantly male, older 

than 55 years old, and their highest education level was only up to elementary school.  

 

As Table 4.3 shows, out of 481 of farmers who were interviewed, 385 (80%) were male 

and 96 (20%) were female. The average age of the farmers was over 55 years old, with 

59% of farmers in this age category. The majority of local farmers (over 75%) (both 

members and non-members) in this area attended only elementary school. As few as 9% 

completed upper-secondary level, and only 6% had obtained a university degree. The 

figures for the non-member households were not very different from those for the 

member group21. The results from Table 4.3 also show that approximately 86% of 

farmers in both groups were married. The overall demographic picture portrayed in 

Table 4.3 is one in which the majority of the farmers are relatively old and less-

educated. This may be related to the structural change in Thailand’s economy during the 

last few decades. Thailand has undergone rapid industrialisation and urbanisation and 

the majority of the younger population are no longer attracted to work in the agricultural 

sector or as a farmer in a village. 

 

                                                
21 In accordance with the 1999 Thailand National Education Act, the Ministry of Education is responsible 
for providing basic education level for twelve years to all the Thai people free of charge. The minimum 
school attendance of nine years is mandatory. The basic education of twelve years is comprised of six 
years primary education (Prathom level), three years lower-secondary, and three years upper-secondary 
education (Mattayom level) (UNESCO, 2011, p.4). 
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Table 4.3:  Demographic Characteristics of Household for Members and Non-

Members in the Study Region

N % N % N %
Gender
   Male 198 81.8 187 78.2 385 80.0
   Female 44 18.2 52 21.8 96 20.0

242 100.0 239 100.0 481 100.0
Age
   30 - 44 19 7.9 16 6.7 35 7.3
   45 - 54 69 28.5 92 38.5 161 33.5
   Over 55 154 63.6 131 54.8 285 59.3

242 100.0 239 100.0 481 100.0
Education

Pre-Elementary 7 2.9 4 1.7 11 2.3
Elementary 179 74.0 188 78.7 367 76.3
Junior Secondary 18 7.4 13 5.4 31 6.4
Senior Secondary 23 9.5 21 8.8 44 9.1
University 15 6.2 13 5.4 28 5.8

242 100.0 239 100.0 481 100.0
Marital Status
   Married 209 86.4 207 86.6 416 86.5
   Not married 33 13.6 32 13.4 65 13.5

242 100.0 239 100.0 481 100.0
Employment

Employed 230 95.0 228 95.4 458 95.2
Not employed 12 5.0 11 4.6 23 4.8

242 100.0 239 100.0 481 100.0
Off-farm employment

Off-farm employed 113 46.7 117 49.0 230 47.8
Not-off-farm employed 129 53.3 122 51.0 251 52.2

Demographic 
Characteristics

Member (N=242) Non-Member (N=239)  All (N=481)

 

4.4.2 Farm Characteristics 

The total cultivated land area in Chiang Mai province is approximately 1,436,948 rai 

(229,912 hectares) of which 534,883 rai (85,581 hectares) is used for paddy, and the 

rest for orchards and other cash crops. Approximately 127,272 rai (20,363 hectares) is 

irrigated. The Chiang Mai provincial report shows that in 2004 the main crop was rice 

(396,000 tons), followed by Longan (196,470 tons). Even though these crops are the 

two major crops in the Sop Rong area, Longan is the major marketable commodity, 

while rice is less profitable and no longer a marketable crop in this area (Chiang Mai 

Provincial Administrative Office, 2010). The total land area considered suitable for 
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agriculture in the Sop Rong irrigation area is 8,975 rai22 (1,436 ha) (Ounvichit et al., 

2008, p.149). 

 

Longan fruit is mostly grown in the north of Thailand due to the topography and climate 

especially around Chiang Mai and Lamphun provinces. The Longan fruit ideally should 

be planted in deep soil with good drainage. The Longan is a tree crop that is replanted 

every 25 to 30 years. The usual harvest period is in July and August, around the end of 

the rainy season. In the Chiang Mai and Lamphun provinces, farmers usually start to 

irrigate and nurture the plant in March, prior to the start of the rainy season. Then with 

the appearance of the rainy season (normally May), they do not have to spend too much 

time irrigating the plant. In order to have healthy growing Longan plants, it is essential 

to ensure sufficient water resources are availability. The Longan plant requires a small 

amount of water before flowering and quite substantial amounts during the flowering 

period (normally February and March). 

 

Figures 4.5 and 4.6 show the area of the study site in high resolution where the lines of 

the canal system and farms which were surveyed can be observed. A casual observation 

from the map suggests that generally farmland that belongs to the muang fai members is 

located quite close to the canal. However, there are also a significant number of non-

members who live close to the muang fai canal, but choose not to be a member of the 

system. Farmers who live close to each other can be seen either to participate or not 

participate in the muang fai system. This clearly suggests that distance to the muang fai 

canal is not the sole determinant of membership of the muang fai system.  

                                                
221 hectare is equivalent to 6.25 rai (a unit of land measurement in Thailand) 



 

 

Figure 4.5:  Study Site Area, Muang fai Sop Rong Irrigation System, and Study Location
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Figure 4.6: Map of the Study Area with Aerial Photography

 



 

 

Table 4.4 suggests that the extent of membership varies between villages, ranging from 

2% in San Pong to 68% in Mae Khong Nua. This information confirms that 

membership seems to be clustered in certain villages and not others.  Table 4.4 also 

shows that the muang fai system extends across all the villages in the study area. 

 

Table 4.4: Percentage of Muang fai Members in Each Village 

 

 

Overall, Longan farmers in the study area own farmland of an average size of 4.8 rai 

(0.8 ha) (see Table 4.5). The average farmland area does not differ significantly between 

muang fai members and non-members. As shown in Table 4.5, the average farmland 

size owned by muang fai members is approximately 5 rai, while that of non-muang fai 

members is approximately 4.6 rai.  

 Village Village Longan
Number Name Population No. of Households %

1 San Pong 61 1 2%
2 Sai Mul 43 6 14%
3 San Khok Chang 65 10 15%
4 Mae Khong Tai 76 36 47%
5 Mae Khong Krang 70 51 73%
6 Rong Khut 108 9 8%
7 Mae Khong Nua 53 36 68%
8 Mae Ka 56 7 13%
9 Pa Kuay 74 40 54%
10 Mae Kung Noi 105 12 11%
11 Dong Pa Sang 104 10 10%
12 Dong Khi Lek 114 24 21%

Total 929 242 26%

Muang fai Member



 

 

Table 4.5: Farm Characteristics of Households 

 

Mean Min Max Mean Min Max Mean Min Max

Farmland Size (rai) 5.0 0.8 37.0 4.6 0.5 30.0 4.8 0.5 37.0

Number of HH* labour 2.1 0.0 5.0 2.0 0.0 4.0 2.0 0.0 5.0

Farming experience 26.3 0.0 70.0 28.1 0.0 63.0 27.2 0.0 70.0

Quantity of crop sold (kg) 5,036 56 40,000 4,457 60 70,000 4,748 56 70,000

Total revenue (Baht) 99,503 680 1,200,000 71,833 1,500 1,400,000 85,754 680 1,400,000

Price of crop per kg (Baht) 20.2 3.0 50.0 17.9 2.0 40.0 19.0 2.0 50.0

Productivity (kg/rai) 1,076 25 5,053 952 33 12,500 1,015 25 12,500

Productivity (Baht/rai) 20,463 83 80,000 15,356 500 100,000 17,926 83 100,000

Farm Characteristics
Member (N=242) Non-Member (N=239) All (N=481)

 

 *HH is abbreviation for “Household” 

 



 

 

The survey also found that farming experience of the farmers in the study area was on 

average quite long (27 years). Again, there was little difference between the two groups. 

Farmers who were muang fai users on average had 26 years’ experience in farming, 

while the non-members had only a slightly longer experience of 28 years.  

 

Table 4.5 also shows that even though on average the yield from muang fai production 

was not much higher (1,026 kg/rai) than from the underground pump system (952 

kg/rai), the average revenue from the harvest of the farms which belonged to the group 

was much higher (99,503 baht or 3,187 USD per year compared with 71,833 baht or 

2,300 USD for non-members. Table 4.5 confirms that the average price of the muang fai 

production (20.2 baht/kg) was higher than the price of fruit produced using underground 

pump water (17.9 baht/kg). This seems to suggest that muang fai production results in 

higher quality fruit which can obtain a higher price. 

 

4.4.3 Socio-economic Characteristics 

As shown in Table 4.6, on average, farmers who were surveyed lived in a family that 

consisted of about three members. The number of family members ranged from one to 

seven.   

 

On average, farmers in the study area spent approximately 2,252 baht (72 USD) per 

week on consumption. Non-members spent more than their member counterparts, 

spending about 2,427 baht (78 USD) per week compared with only  2,079 baht (USD 

67) per week for muang fai members. However, in terms of asset ownership, the data do 

not reveal any significant difference between the two groups.  



 

 

Table 4.6:  Socio-Economic Characteristics of Households 

Mean Min Max Mean Min Max Mean Min Max

Household size 3.2 1.0 7.0 3.3 1.0 7.0 3.3 1.0 7.0
Number of children 0.9 0.0 4.0 0.9 0.0 4.0 0.9 0.0 4.0
Expenditure (TB/week) 2,079 200 10,000 2,427 3 23,500 2,252 3 23,500
Expenditure /person (TB/week) 666 60 3,500 769 1 5,000 717 1 5,000

Household's assets
Number of rooms 6.0 2.0 12.0 5.8 1.0 10.0 5.9 1.0 12.0
Number of cars owned 0.9 0.0 5.0 0.8 0.0 3.0 0.8 0.0 5.0
Number of motorcycles owned 2.0 0.0 9.0 1.9 0.0 5.0 2.0 0.0 9.0
Number of bicycles owned 1.4 0.0 5.0 1.3 0.0 4.0 1.3 0.0 5.0
Number of TVs owned 2.0 0.0 6.0 1.8 1.0 4.0 1.9 0.0 6.0

Socio-economics
Member (N=242) Non-Member (N=239) All (N=481)

 

 

 

 

 



 

 

 

From the basis of the observation in the chosen study area, muang fai is typically 

located in regions surrounded by mostly high mountain ranges and hilly plains along 

river basins. The muang fai system appears to be the most suitable system for the 

topographical structure. In general muang fai is constructed with natural materials and 

these has been practiced for generations. The most distinct element of the system is 

actually its management and institutional arrangement. It fits well with what Ostrom 

(1990) described as the Common Pool Resource (CPR) management system. The 

evidence that muang fai can serve its function well as institutional arrangement for 

resource management will contribute to a greater body of literature that the CPR, like 

water for irrigation, can be managed independently and effectively by their users 

without being privatised or handed over to a centralised government. Attempts to 

demonstrate that the CPR system like muang fai can successfully managed water 

resources efficiently will be the primary objective of the next chapters. 

 

4.5  Conclusion 

 

In this chapter, the characteristics of the muang fai system are described. This includes a 

geographical description of the study area, the characteristics of the irrigation system as 

well as the farmers’ social and economic status, together with technical specifications 

and management of the irrigation system.  

 

Some highlights from this chapter can be noted as follows: (1) The muang fai Sop Rong 

system is one of the largest communal irrigation systems in northern Thailand, and it 

comprises mainly mountains and valleys with abundant forests. It is a high rainfall area. 

The muang fai system appears to be the system that is most appropriate for the 
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topographical structure; (2) the current structure of water management in the Sop Rong 

irrigation system is only based on a set rotation schedule when water becomes limited; 

(3) the muang fai could be considered to be a class of farmer-managed irrigation 

systems which sometimes are called a communal, traditional or people’s irrigation 

system; (4) the management of the system is in general similar to the principles 

introduced by Ostrom. As elaborated in this chapter, the muang fai irrigation system to 

a large extent is governed by Ostrom’s Design Principles of effective management of 

Common Pool Resources.  
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Chapter 5 

Estimating the Determinants of a Farmer’s 

Participation: Logistic Model 

 

5.1 Introduction 

This chapter presents the results of the logistic regression, which was used to determine 

the main factors affecting the likelihood of a farmer joining the muang fai instead of 

adopting other methods of irrigation, i.e., underground pump irrigation. Data were 

collected from a sample survey of 481 Longan farmers23 of the muang fai Sop Rong 

system, one of the largest systems of this kind in Thailand.  

 

The results of the analysis in this chapter not only provide a greater understanding of 

what factors are behind farmer participation in the muang fai, but also can be used to 

predict whether farmers with certain characteristics will join the muang fai system if 

intervention takes place in an attempt to improve the system. A prediction about 

whether the number of farmers choosing to join the irrigation system increases or 

decreases with changes in such variables as age, family size, income, education level, 

marital status, family income, and employment will not only inform the literature, but 

also can be used to guide policy to improve farmer productivity.24 

                                                
23 The sample excluded farmers who grow multiple crops to avoid more complex modelling. 

24 Technically speaking the model developed cannot provide a prediction of how many would join. The 

structure of the relationship between the dependent and explanatory variables is only suggestive of such 

causation. 
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As explained in the previous chapter, the mapping analysis clearly by the author 

suggested that the distance to the muang fai canal was not the sole variable explaining 

participation, because there were many cases where farmers with similar proximities to 

the canal decided differently on whether or not to join the system. Therefore, the main 

aim of this chapter was to identify and understand what other explanatory variables 

might be responsible for these decisions.  

 

5.2 Logistic Regression 

As explained in Chapter 3 (Methodology), a logistic regression, where the dependent 

variable was muang fai membership, was used to identify the main determinants of 

participation in the muang fai system. The explanatory variables were categorised into 

farm, demographic, and socio-economic characteristics.  

 

The results of the logistic estimation are presented in Table 5.1. The variables that were 

significant at the 1% level regarding the probability of being a muang fai member 

included: the log of distance to the closet muang fai canal, log of farmland size, log of 

farming experience, and percentage of muang fai members in the village. Age and 

income were significant at the 5% level, and education at elementary level was 

significant at 10%.  

 

From Table 5.1, the marginal effects indicate the change in the probability of 

participation due to a unit change in the explanatory variables and a change in dummy 

variables from 0 to 1. The variables gender, having an education higher than elementary 

school, marital status, and off-farm employment were not statistically significant, 

suggesting they were not important determinants of muang fai participation. The 
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likelihood ratio test indicated that all the explanatory variables were jointly affecting the 

probability of participation at the 1% level of significance. 



 

 

Table 5.1: Logistic Model Estimation Results of muang fai Participation 

Household Characteristics Coeff. s.e. Marginal 
effect s.e. 

Odds 

ratio 
s.e 

Demographic Characteristics:       
Gender: 1 = male 0 = female 0.339 0.301 0.085 0.074 1.404 0.422 
Log of Age 1.925** 0.760 0.481** 0.190 6.855** 5.211 
Education       

Elementary -1.378* 0.793 -0.320* 0.160 0.252* 0.200 
Junior Secondary -1.096 0.897 -0.256 0.181 0.334 0.300 
Senior Secondary -1.031 0.884 -0.244 0.185 0.357 0.315 
University -1.083 0.938 -0.253 0.189 0.339 0.317 

Marital Status: 1 = married 0 = otherwise -0.461 0.355 -0.114 0.085 0.631 0.224 
Farm Characteristics       
Log of Distance to Closest Canal (m) -0.293*** 0.083 -0.073*** 0.021 0.746*** 0.062 
Log of Area of the Main Crops (rai) 1.693*** 0.406 0.423*** 0.101 5.436*** 2.206 
Squared of Log Area -0.474*** 0.140 -0.118*** 0.035 0.622*** 0.087 
Log of Farming Experience (years) -0.588*** 0.215 -0.147*** 0.054 0.686*** 0.116 
Socio-Economic Characteristics       
Log of Expenditure per capita (baht/week) -0.377** 0.169 -0.094** 0.042 0.555** 0.119 
Off-farm Employment(days/week) -0.031 0.044 -0.008 0.011 0.969 0.042 
Percentage of Members in the Village (%) 0.043*** 0.006 0.011*** 0.001 1.044*** 0.006 
Constant -4.831 3.429     
Log Likelihood -260.42      
Likelihood Ratio 123.73***      
Pseudo R-squared 0.19      
 

Note: *** Significant at 1%; ** Significant at 5%; * Significant at 10%. 



 

 

Table 5.2 shows the effect of an increase in one standard deviation from the mean value 

of continuous variables on the probability of participating in the muang fai system. 

These results allow an assessment of the relative strength of each of the variables in 

determining the likelihood of participating in the system to be made. Only significant 

variables (see Tables 5.1 and 6.2) have been listed in the table. 

 

Table 5.2 Effect on Probability of Membership 

 

As shown in Table 5.2, the proportion of muang fai members in the village where a 

farmer lives has the strongest effect (among significant continuous variables) on the 

probability of participating in the system. An increase of one standard deviation 

(19.98%) from the mean increases the probability by almost 0.2. To increase the 

probability of participation by 0.05 (i.e., 5%) would require the proportion of members 

in a village to be increased from the mean of 64.26% to 69.33%. Thus the influence of a 

neighbour on a farmer’s decision to participate in the system, after controlling for other 

variables, was quite important. The variable ‘Age’ was the next most important variable 

with a one-standard-deviation increase lifting the probability of participation by 0.08. 

However, to increase the probability of participation by 0.05 (i.e., 5%) would require 

age of the farmer to shift from a mean of 59.17 years to 66.04 years. 

Variable Variable Mean

One Standard 
Deviation Change 
from the Sample 

Mean

Effect on 
Probability of 
Muang fai 
Participation 

Age 59.17 11.27 years 0.082 
Distance 73.08 82.81 metres -0.055
Area 4.80 4.34 -0.016
Experience 27.19 14.79 -0.064
Expenditure per capita 717.39 553.02 -0.054
Off-farm employment (days) 2.31 2.73 -0.021

64.26 19.98% 0.197 

* Missing category is not completing primary education 

Percentage of Muang fai 
Members in village
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The remaining variables had relatively weak effects. Variables that negatively affected 

the probability of participation included ‘experience’, followed by ‘distance’ and 

‘expenditure’ (which was used as a proxy for household wealth). Among other farming 

characteristics, distance to the canal had a stronger effect on participation than farm 

size. As the distance from the canal increased by one standard deviation (82 meters), the 

probability of participation declined by 0.05. In contrast, an increase of one-standard 

deviation in ‘farm size’ decreased the probability of participation by only 0.016. 

 

5.3 Demographic Characteristics 

Demographic characteristics may influence a farmer’s decision to join the muang fai 

system. Demographic variables which were included as predictors of the probability of 

participation included: gender, age, education level, marital status, off-farm 

employment, and farming experience. 

 

5.3.1 Gender 

The results, as indicated by the insignificant coefficient for gender, suggest that, female 

farmers were just as likely as male farmers to become muang fai members. Thus, the 

null hypothesis that gender would not affect the probability of participation cannot be 

rejected.  

 

Joining the muang fai rather than using privately-owned underground water involves 

more social interaction as the muang fai is a communal system where decisions are 

based on members meeting and discussing issues. The finding that there was no gender 

bias in the likelihood of participation in such a communal system suggests that there 

was no gender barrier in how the communal institution was setup. Occasionally, voting 
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is a way of resolving some issues in a muang fai system. Female members have the 

same voting rights as male members. Moreover, when it comes to responsibilities that 

involve physical activities, such as cleaning up canals or other physical work, the 

system can be flexible in assigning tasks to suit the strengths of each gender. Other than 

that, muang fai membership, rights and responsibilities are equal for male and female 

farmers. 

 

5.3.2 Age 

Age was a statistically significant (5% level) variable in the model. This suggests that, 

controlling for other factors (including farming experience and off-farm employment), 

older farmers tended to be more likely to be muang fai members compared with 

younger ones. Two possible explanations can be put forward for this finding. First, 

farmers of the younger generation may tend to see the muang fai as a less-modern way 

of irrigation compared with underground pumping. Second, the younger generation of 

farmers may also have a lesser preference for the intense community interaction 

required if they become muang fai members. Both of these explanations, however, still 

need to be validated. 

 

5.3.3 Education 

The education level of sample households ranged from pre-elementary to university 

level. The data suggest that the majority of the farmers had some education, at least to 

the elementary level. Nonetheless, some farmers had achieved higher education at the 

university level. The result of the estimation suggests that only elementary education 

affects the probability of joining a muang fai. The coefficient was marginally significant 

at the 10% level. Education levels higher than elementary school were not associated 

with a higher or lower likelihood of participation in the muang fai. As the coefficient for 



112 

 

elementary school was negative, farmers with only elementary school education were 

less likely to participate in the muang fai system.  

 

5.3.4 Marital Status 

The marital status was classified into two categories, namely: married and not married. 

As suggested in Chapter 4, most household head respondents were married (about 

86%). The not married category included farmers who were single, divorced, separated, 

or widowed.  

 

The coefficient for marital status was not statistically significant. This implies that being 

single or married did not affect the likelihood of participation.  

 

5.4 Farm Characteristics 

The farm characteristics that may have affected the likelihood of participation in the 

muang fai irrigation system were represented by two variables, namely, distance to the 

muang fai canal and the size of the farmland. 

 

5.4.1 Distance to the Muang fai Canal 

Distance to the closest muang fai was hypothesised to be the most important variable in 

explaining a farmer’s decision to join the system. The regression results suggest an 

inverse relationship between distance to the closest muang fai canal and the probability 

of participation. Figure 5.1 shows the distance to the closest muang fai canal against the 

predicted probability of participating, calculated at the mean values of other 

independent predictors of participation in the muang fai system.   
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The estimated parameter of the logarithm of distance to the closest canal was highly 

significant (1% level). Moreover, Figure 5.1 illustrates that the shorter the distance of 

the farm to the closet muang fai canal, the more likely it was that the farmer would join 

the muang fai system. For example, at a distance of 50 metres, the probability of 

participation was about 0.48, whereas a farm located about 100 metres from the canal 

had a probability of participation of about 0.43.  

 

Figure 5.1: Relationship between Distance to a muang fai Canal and the 

Probability of Participating, Evaluated at the Mean Value of Explanatory 

Variables Other than Distance. (Note:  푝(푑) = ( . . ( ))) 

 

Figure 5.1 also suggests a declining marginal effect of distance. The economic 

implication of this relationship is that by investing in getting the canal to be closer to the 

farmland, the probability of farmers joining the muang fai system will increase (moving 

from right to left in Figure 5.1), resulting in increased returns. In short, there is an 

increasing return on investment of shortening the canal distance to the farmland. This 
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has important policy implications for the use of public funds to extend the muang fai 

system.  

 

Figure 5.2 shows the relationship between the distance to the closet muang fai canal and 

the predicted probability of participating in the system for farms in just San Pa Tong 

Village. It shows cases where, given the same proximity to the muang fai canal, there 

are farmers who are in different groups (muang fai or not-muang fai members), despite 

having a similar predicted probability of participation. This suggests that there are other 

significant explanatory variables beyond proximity to the canal.  

Figure 5.2: Relationship between distance and participation at Son Pa Tong 

Village (n = 69)   

 

5.4.2 Size of Farmland 

The relationship between the probability of participation and farm size was not as clear 

as distance to the canal. Larger farms need a larger quantity of water as well as more 
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reliable water sources in terms of regularity of services. Since the muang fai is a 

communal source, individual farmers do not have full property rights to the water and 

its queuing system may prevent them from accessing it in times of need, such as during 

a dry season. The problem of partial accessibility can be serious and risky for a very big 

farm compared to farms of smaller size. Consequently the data suggested that at smaller 

sizes, the larger the size of the farm, the more likely the farmer was to subscribe to the 

muang fai system up to a point. However, when the land started to be very large, relying 

on the muang fai seemed to be no longer sufficient. Farmers of very large farms needed 

more reliable services where they had total control of the irrigation in terms of watering 

duration and regularity. Therefore, it seemed possible that there could be a non-linear 

relationship between farm size and decision to participate. It was thus appropriate to 

hypothesise non-linearity such as through the use of a quadratic and let the data indicate 

the relationship empirically. The sign and statistical significance of the coefficient of the 

quadratic term were used to tell whether such non-linearity exists. 

 

 The results tended to confirm the hypothesis of the existence of a non-linear 

relationship between farm size and participation in the muang fai. As both the logarithm 

of farm size and its quadratic term were found to be significant (both at the 1% level), 

the non-linearity of the relationship could not be rejected. The signs of the coefficient 

were also as expected, with farm size having a positive sign, and its quadratic being 

negatively signed. This relationship is presented in Figure 5.3. 

 

The non-linear relationship shown in Figure 5.3 suggests that whether or not the land 

area was positively or negatively associated with the probability of participation 

depended on the scale of the farm. The probability of participation increases with farm 

size up to a point and then decreases. When the area of the farmland was smaller than 
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5.95 rai (0.95 ha), the larger the land area the more likely farmers were to participate in 

the muang fai system. However, this was reversed when the land area was larger than 

5.95 rai, with larger land areas associated with a lower probability of participation..  

This implies that, for larger farms, the larger the land size, the more likely they were to 

use underground pump irrigation instead of the muang fai.  

 

 

Figure 5.3: Relationship Between Land Size and Probability of Participation in the 

Muang fai Irrigation System (Evaluated at the Mean Value of Other Explanatory 

Variables). 

 

5.4.3 Farming Experience 

The extent of past farming experience was found to have a negative association with the 

probability of participation in the muang fai, after controlling for other variables 

including age. It was statistically significant at the 1% level. This result suggests that 

farmers with more experience tended to use private underground pump irrigation rather 
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than the muang fai for irrigating their Longan crops. This may be related to a desire to 

have full control over water when there is a shortage. 

 

5.5 Socio-economic Characteristics 

Socio-economic characteristics that were included as predictors of participating in the 

muang fai system were: income (approximated by expenditure per person), off-farm 

employment, and the extent of muang fai membership in the village where the farmer 

was located. The latter was a village specific (not farmer specific) variable and was 

measured by the proportion of farmers in the village who belonged to the muang fai 

system. It was expected that if the majority of farmers in the village were members, this 

would have an influence on the participation of other farmers in the village who would 

also join the muang fai. The characteristics chosen attempt to measure the social 

influences that affect a farmers’ decision to join the muang fai. 

 

5.5.1 Income 

The results of the logistic model estimation suggest that a farmer’s economic status (as 

approximated by their total expenditure per person) negatively affects the likelihood of 

participation in the muang fai. The relationship was statistically significant at the 5% 

level.  

 

The effect of a farmer’s income may impact participation in two ways. Since 

membership requires the farmer to pay a certain fee, the richer a farmer is the more 

likely he/she will participate. However, in the current case since the fee is relatively 

low, its effect on participation may be small. On the other hand, being better-off makes 

underground pump irrigation more affordable.  
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Overall, it was expected that the richer the farmer, the less likely he/she would 

participate as they would have greater access to an alternative to the muang fai in the 

form of underground pump irrigation. A household with higher income would be 

willing to pay more to get a private connection to the improved system. Thus, wealthier 

farmers were more likely to become underground water users rather than muang fai 

members. Richer farmers could afford to build an underground pump station with its 

high set-up and ongoing fuel costs. 

 

5.5.2 Off-farm Employment 

Off-farm employment was expected to be negatively associated with participation. As 

becoming a muang fai member involves certain additional commitments as part of a 

member’s responsibility, having off-farm employment would be a constraint to 

participating in the muang fai. The results, however, suggested that, after controlling for 

other variables, spending more time working off-farm did not affect the likelihood of a 

farmer joining the muang fai. A decision on whether or not to use private underground 

irrigation or join the muang fai was not associated with the extent of a farmer’s off-farm 

employment. This may suggest that the extra time needed as a muang fai member (with 

responsibilities such as regular canal maintenance, meetings, and other muang fai-

related communal tasks) was more or less the same as the extra time needed to take care 

of a private underground system. Therefore, having an off-farm job did not affect a 

farmer’s decision to participate in the muang fai system.  

 

5.5.3 Percentage of Members in the Village 

As expected, the result from Table 5.1 shows that the coefficient of social cohesion, as 

measured by the proportion of muang fai members in the village, was positively 

significant at the 1% level. The result confirms that farmers who live in a village that 
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have more muang fai members tend to have a higher probability of participating in the 

system. With respect to economic and social factors, social capital or social networking 

in the form of participation in the muang fai irrigation system, significantly influenced 

the individual’s decision to participate. As mentioned in the previous chapter, the 

motivation for farmers to participate in the muang fai system was influenced socially by 

family and the community. Individuals of a rural community are likely to be sensitive to 

the views of their family, friends and neighbours in influencing their decision to engage 

in similar cooperative activities. Instead of making their own decision based on their 

own desire, they would be likely to act the same way as other members of their family 

or their peers. 

 

5.6 Conclusion 

The results of the logistic model estimation reported in this chapter clearly suggest that 

proximity to the canal was not a sole determinants of farmer participation in the muang 

fai. In general, the results of the logistic model estimation suggest the following. First, 

membership of the muang fai was positively associated with proximity to the canal, age 

of the farmer, social influence, and (for smaller farms) the size of the farm. On the other 

hand, muang fai membership was negatively associated with elementary education 

level, farming experience, and economic status, and also (for larger farms) the size of 

the farm. The following factors were not associated with muang fai membership: 

gender, having an education level higher than elementary level, marital status, and off-

farm employment. 
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Chapter 6 

Estimating the Impact of Muang fai 

Participation: Propensity Score Matching (PSM) 

 

6.1 Introduction 

The objective of this chapter is to quantitatively evaluate to what extent muang fai (a 

representative of traditional communal water irrigation systems) is better compared to 

pumping irrigation (a privatised system with modern technology). Two criteria will be 

used: economic benefit (measured by farming productivity), and environmental benefit 

(measured by water use efficiency). 

 

Given the considerations discussed in the previous chapter, including the nature of the 

data and information that were available, the Propensity Score Matching (PSM) was 

applied to answer the two research questions. The PSM method is one of the methods 

that is normally used in the impact evaluation literature. The research questions 

answered in this chapter were addressed by the impact evaluation method, as it allows a 

comparison between the current condition of the farmers who are members of the 

muang fai and the counter-factual circumstance of these same farmers had they not been 

members (as described in Chapter 3). 

 

Gaining information from the literature and Focus Group Discussions (FGD), as well as 

interviews with farmers, the hypothesis was that the muang fai irrigation system would 

provide greater economic benefits to farmers than alternative irrigation systems. 
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Coming from a surface water stream, muang fai water was typically of better quality. 

As explained in Section 6.5, better quality water contributes to higher farm productivity 

and better quality crops. This eventually results in higher income for farmers. However, 

in regard to water use efficiency, it was not known which one of the two systems was 

better, so the analysis was exploratory in nature. This chapter describes the exploration 

of this idea.   

 

The current chapter is organised as follows. Section 6.2 discusses some of the validity 

checks of the PSM method, before discussing the results. Section 6.3 discusses the 

application of the PSM method to estimate the impact of muang fai membership on 

farming productivity. The chapter continues with the exploration of the issue of water 

use efficiency in Section 6.4, and investigates water quality in Section 6.5. Finally, 

Section 6.6 summarises the study’s findings. 

 

6.2 Validity Check of Propensity Score Matching 

(PSM): 

A survey of 481 Longan (the main crop in the region) growing farmers in the muang fai 

Sop Rong system was conducted. Both farmers who were engaged in the muang fai 

system and underground pump users were surveyed. This survey data was used to apply 

the Propensity Score Matching (PSM) technique to estimate the difference in the 

productivity and water use efficiency of farms attributed to being a member of the 

muang fai irrigation system. 

 

As described in Chapter 3, applying the PSM technique involved a number of steps.  
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Step 1: Estimate Model of Participation 

Before conducting the analysis to compare the indicators for participation (for example, 

productivity) some validity checks of the PSM method had to be performed. First of all, 

the quality of the model, especially in terms of its goodness of fit that estimates the 

propensity score needed to be evaluated. Following this, the existence of the ‘region of 

common support’ had to be confirmed.  

 

Step 2: Validity Checking 

Table 6.1 shows the various results for the goodness of fit diagnostics of the logistic 

regressions used to predict the participation or membership of farmers in the muang fai 

irrigation system.  

Table 6.1: Goodness of Fit Diagnostics of the Logistic Model of Muang fai 

Participation 

Pseudo R-squared 0.1920 

Test of joint significance Wald-statistics P-value 
All variables 86.47 0.0001* 
Farm characteristics 29.53 0.0001** 
Demographics 8.02 0.0457* 
Education 4.23 0.3752 
Economic 14.14 0.0027** 
Social/neighborhood 53.37 0.0001** 
** Significance at 1%, * Significance at 5% 
 

The Pseudo R-squared value of 0.1920 (Table 6.1) falls within the acceptable range 

for cross-sectional regressions. The test of joint significance for all variables strongly 

rejects the null hypothesis, which suggests that the overall model is appropriate in 

explaining the probability of participation. All variables except education 

significantly affected the likelihood of participation in the muang fai system.  
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Table 6.2: Correct Prediction Diagnostics Using the Classification Table 

Actual 
Prediction member (D) not-member (~D) Total 
Muang fai member (+) 163 64 227 
Not-muang fai member (-) 72 166 238 
Total 235 230 465 

Sensitivity Pr25(+|D) 69.36% 
Specificity Pr(-|~D) 72.17% 
Positive predictive value Pr(D|+) 71.81% 
Negative predictive value Pr(~D|-) 69.75% 

False + rate for true ~D Pr(+|~D) 27.83% 
False - rate for true D Pr(-|D) 30.64% 
False + rate for classified + Pr(~D|+) 28.19% 
False - rate for classified - Pr(D|-) 30.25% 
Correctly classified                         70.75% 

Goodness of fit test Chi-squared(450) P-value 
Pearson's goodness of fit test 455.12 0.4238 
Hosmer–Lemeshow’s goodness of fit test 4.84 0.7749 

 
 

The Pseudo R-squared is actually not a good goodness of fit measurement in the logistic 

regression model. That is because it does not have a range of zero to one like in the OLS 

requirement analysis, and its magnitude depends on how the likelihood function is 

estimated. There are quite a few different versions of the Pseudo R-square that seek to 

correct for its limitations. It’s more of a relative measure like the AIC than an absolute 

measure of explanatory power. In a logistic model, goodness of fit quality, i.e., how 

well the model can predict the outcome (in this case being a member of muang fai or its 

alternative) can be measured by the extent of its correct prediction. Table 6.2 shows that 

the model had quite a high correct prediction (70.75%) which indicated that the model 

had a high goodness of fit. The Pearson’s Chi-squared goodness of fit test confirmed 

this by failing to reject the null hypothesis that the model had an adequate goodness of 

fit. 
                                                
25 ‘Pr’ is abbreviation for ‘Probability’ 
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Step 3: Propensity Score Matching (PSM) 

The first step of PSM was to estimate the ‘propensity scores’. The second step then 

involved trying to match the ‘propensity scores’ of the treated group (in this case muang 

fai members) with the control (non-treated) group (in this case underground pump 

users).  

 

The ‘region of common support’ is a condition whereby a sufficient sample of both 

groups of farmers who have similar propensity scores or probabilities of being members 

of the muang fai, despite their differing actual condition (that is they may belong to 

different groups but they have a similar probability of belonging to the treated group) 

can be found. After ensuring the existence of the ‘region of common support’, the 

Average Treatment Effect on Treated (ATT) was calculated. The ATT is a measure of 

the impact of being treated, in this case being in the muang fai group.  

 

In the next step, the distribution of the propensity scores was drawn to distinguish both 

groups. As can be seen from Figure 6.1, the interval of the propensity score where both 

members and non-members (or treated and untreated groups) can be found is a 

relatively long interval, so that further matching analysis is valid. 
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Figure 6.1: Distribution of Propensity Score and the Region of Common Support 

 

6.3 Farming Productivity 

Table 6.3 illustrates the results of the PSM analysis. It illustrates the difference in 

productivity between the treated and control groups, using various matching techniques. 

The productivity was measured in both kg per rai per year and the sales value (in baht) 

per rai per year. As discussed in Khandker, Koolwal, & Samad (2010), the estimated 

standard errors of the treatment effect in PSM should include at least the variance 

attributed to the derivation of the propensity score and the determination of the region 

of common support. Failing to account for this will cause the standard errors to be 

incorrectly estimated. However, the ‘Bootstrapping’ technique in the PSM is the 

solution to this problem. Therefore, the standard error estimated was calculated using 

the ‘Bootstrapping’ technique.  
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The ‘Bootstrapping’ technique in the PSM estimation is a procedure where repeated 

samples are drawn from the original samples and the ATT is estimated for each sample. 

The standard error of the ATT is then calculated based on the results of that re-

sampling. In this analysis, the ‘Bootstrapping’ was carried out for 1,000 replications. 

 

As can be seen from the first part of Table 6.3, the ATT when productivity is measured 

by kg per rai per year was not statistically significant for any of the various matching 

techniques attempted, through the mean values for  muang fai  were between 6.9 to 20.8 

percent larger. This insignificance is due to a combination of only small to moderate 

differences in productivity, plus relatively large standard errors. It can therefore be 

concluded that participation in the muang fai system does not have any effect on the 

volume of Longan produced.  



 

 

Table 6.3:  Estimates of the Impact of Muang fai Participation on Farm’s Productivity 

 

 
Matching methods 

 
Un-matched Neighbour(1) Neighbour(5) Caliper(0.01) Caliper(0.06) Kernel Radius Ties 

Quantity - Kg per rai 
        Muang fai (treatment) 1,070.2 1,078.5 1,078.5 1,053.6 1,078.5 1,078.5 1,078.5 1,078.5 

Underground (control) 972.2 952.6 892.6 985.2 952.6 929.2 972.2 952.6 
Difference (ATT) 98.0 125.87 185.85 68.36 125.87 149.26 106.23 125.87 
s.e. (94.38) (183.75) (147.77) (194.95) (190.48) (134.82) (99.62) (180.03) 
Difference (%) 10.1 13.2 20.8 6.9 13.2 16.1 10.9 13.2 

Sales - Bahts per rai 
        Muang fai (treatment) 20,650.6 21,039.8 21,039.8 20,688.4 21,039.8 21,039.8 21,039.8 21,039.8 

Underground (control) 15,682.9 15,617.5 14,640.2 15,966.9 15,617.5 14,959.1 15,682.9 15,617.5 
Difference (ATT) 4,967.7 5,422.27 6,399.55 4,721.48 5,422.27 6,080.65 5,356.89 5,422.27 
s.e. (1,384.65)*** (2,110.95)** (1,809.77)*** (2,152.09)** (2,124.78)** (1,705.36)*** (1,478.99)*** (2,091.16)** 
Difference (%) 31.7 34.7 43.7 29.6 34.7 40.6 34.2 34.7 

         Note: numbers in parentheses are standard errors from bootstrapping with 1,000 replications. 
   *** Significant at 1%; ** Significant at 5%; * Significant at 10%;  ATT = Average Treatment effect on the Treated 

   

 



 

 

However, in the second part of Table 6.3 where the productivity is now measured in 

terms of sales value (in baht per rai per year), the ATT was strongly significant using all 

of the matching techniques. Thus, it may be concluded that participating in the muang 

fai system significantly increased the sales value. The increase was between 4,721 and 

6,399 baht depending on the matching technique used. This was equivalent to an 

increase of 30% to 44% of the sales value. The ATT was statistically significant at the 

5% level, and is robust across the different matching methods. 

 

These finding suggest that an increase in productivity can be attributed primarily to the 

difference in the quality of the product rather than the volume of the harvest. An 

increase in the quality of the product (represented by larger size of Longan fruit) will 

eventually translate into a higher price received by the farmers.  

 

6.4 Water Use Efficiency 

Three different indicators were used to estimate the impact of muang fai participation 

on water use efficiency: (1) the volume of water (in cubic metres) per rai of farmland; 

(2) the volume of water per kg of Longan harvested; and (3) the volume of water used 

per Baht of Longan harvested. Table 6.4 shows the impact of muang fai participation on 

the three measures of water efficiency mentioned. 

 

The results in Table 6.4 suggest that muang fai participation significantly affects all 

three water use efficiency indicators. The muang fai irrigation system was much more 

efficient in using water compared with the underground pump irrigation system. 

 



 

 

Table 6.4:  Estimates of the Impact of Muang fai Participation on Water Use Efficiency 

 
Matching method 

 
Un-matched Neighbour(1) Neighbour(5) Caliper(0.01) Caliper(0.06) Kernel Radius Ties 

Cubic meter per rai 
        Muang fai (treatment) 883.8 887.7 887.7 898.5 887.7 887.7 887.7 887.7 

Underground (control) 1,727.0 1,789.4 1,560.6 1,754.5 1,789.4 1,592.3 1,727.0 1,789.4 
Difference (ATT) -843.2 -901.73 -672.95 -855.98 -901.73 -704.57 -839.30 -901.73 
s.e. (145.11)*** (233.54)*** (179.09)*** (249.75)*** (225.16)*** (151.10)*** (146.36)*** (246.62)*** 
Difference (%) -48.8 -50.4 -43.1 -48.8 -50.4 -44.2 -48.6 -50.4 

Cubic meter per kg sold 
        Muang fai (treatment) 1.932 1.962 1.962 2.065 1.962 1.962 1.962 1.962 

Underground (control) 3.805 3.406 3.627 3.396 3.406 3.502 3.805 3.406 
Difference (ATT) -1.873 -1.44 -1.66 -1.33 -1.44 -1.54 -1.84 -1.44 
s.e. (0.53)*** (0.85)* (0.70)** (0.96) (0.86)* (0.56)*** (0.56)*** (0.86)* 
Difference (%) -49.2 -42.3 -45.8 -39.2 -42.3 -44.0 -48.4 -42.3 

Cubic meter per baht sold 
        Muang fai (treatment) 0.104 0.106 0.106 0.113 0.106 0.106 0.106 0.106 

Underground (control) 0.223 0.210 0.222 0.213 0.210 0.211 0.223 0.210 
Difference (ATT) -0.118 -0.10 -0.12 -0.10 -0.10 -0.10 -0.12 -0.10 
s.e. (0.03)*** (0.05)** (0.04)*** (0.06)* (0.05)* (0.04)*** (0.03)*** (0.05)** 
Difference (%) -53.1 -47.6 -54.0 -47.0 -47.6 -47.4 -53.9 -47.6 

         Note: numbers in parentheses are standard errors from bootstrapping with 1,000 replications. 
   *** Significant at 1%; ** Significant at 5%; * Significant at 10%;  ATT = Average Treatment effect of the Treated 

   



 

 

For example, the average water usage for the underground irrigation system was about 

1,727 cubic meters per rai per year. The ATT for muang fai participation ranged from    

-672.95 to -901.73 cubic meters per rai per year, indicating the muang fai used less 

water. This was equivalent to a water saving or conservation of about 43% to 50%. The 

ATT measured by the volume of water per rai per year was statistically significant at the 

1% level for all the various matching methods.  

 

6.5 Investigating Water Quality 

The results of the above analysis strongly suggested that farms that use muang fai water 

perform much better in terms of productivity and water use efficiency. To investigate 

whether the price premiums and quality of Longan fruit were related to muang fai water 

quality, the quality of the water was tested for a representative sample of water from 

both sources (muang fai canal and underground water).   

 

The research team collected eight samples of water from both underground non-muang 

fai and muang fai irrigation sources from randomly selected areas. Five samples were 

collected from the underground source, and three samples from the muang fai water 

source. A greater number of samples were collected from the underground source 

because it was expected that water quality from underground would be more variable 

than that of the muang fai. Samples were chosen based on clustered random sampling.  

The study area was divided spatially into clusters, then from each cluster, selected 

farmers were chosen randomly to collect water samples. The water sample was then 

brought to the lab at Chiang Mai University for chemical analysis. The results are 

presented in Table 6.5. 
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Table 6.5: Details of Chemical Content of Samples of Irrigation Water 

Underground Muang fai 

Sample number 1 2 3 4 5 6 7 8 

pH 6.76 6.74 7.4 6.89 6.95 7.39 7.42 7.38 

ECw 26(muS/cm) 196.5 687 349 581 925 251 215.8 285 

Nitrate (mg/L) 4.2 4.98 5.42 3.27 6.83 6.05 5.98 6.95 

Phosphate (mg/L) 0.28 0.77 0.34 1.25 0.18 0.24 0.49 0.31 

Sodium (mg/L) 10.31 54.54 18.72 39.88 110.4 11.59 6.96 13.83 

SAR27 0.77 1.75 0.79 1.31 3.7 0.87 0.37 0.63 

Iron (mg/L) 6.68 13.47 0.58 9.81 1.55 0.58 0.9 0.66 

Manganese 
(mg/L) 1.22 2.43 0.09 1.19 0.69 0.16 0.24 0.57 

Boron (mg/L) 0.12 0.16 0.11 0.14 0.24 0.11 0.19 0.11 
 

Firstly, Table 6.5 shows that the iron content in the underground water was 

approximately nine times greater than that of the muang fai water. An iron coating can 

be deposited on leaves, affecting both photosynthesis and fruit quality, which in turn 

influences the sales value of the fruits.  

 

Food and Agriculture Organization of the United Nations (FAO) suggests that the 

recommended maximum content of iron is 5 mg/l (Ayers & Westcot, 1985). However, 

the underground water source had an iron content of 6.7 mg/l, while the muang fai 

water had an iron content of less than 1 mg/l. The underground water contained more 

than four times the sodium concentration of muang fai water. Sodium is also considered 

toxic to the plants. Table 6.6 illustrates the mean values of the chemical analysis of 

water from underground (non-muang fai) and muang fai sources. From the laboratory 

                                                
26 “EC” refers to “Electrical Conductivity”, a measurement of water salinity. It is usually reported in 
Siemens (S) per unit length (S/meter). In practice, the measurement instruments usually measure in 
fractions of Siemens (e.g., milli-or micro-Siemens) per meter or cm (e.g., mS/cm; muS/cm). 
27 SAR refers to “Sodium Adsorption Ratio”. It is an indicator of the potential for a sodium toxicity 
problem. Higher the value of SAR index means higher the salinity which causes  infiltration problems. 
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chemical analysis, generally water from the muang fai was of substantially better 

quality than water from underground sources, particularly in terms of salinity and 

elements such as iron content. The underground water had more than double the salinity 

content of that of the muang fai water. The underground water, on average, had an 

electrical conductivity (ECw) of 547 muS/cm, while the ECw of the muang fai water 

was only 250.6 muS/cm. High salinity content is well-known to adversely affect yield 

quantity and quality (Ayers & Westcot, 1985).  

 

Table 6.6: Comparison of Mean Chemical Contents between the Irrigation Water 

from Non-Muang fai and Muang fai  Sources 

Chemical factor 
Non-Muang fai 

(Underground) 
Muang fai Ratio 

pH 6.95 7.40 0.94 

Electrical Conductivity (ECw) 

(muS/cm) 547.70 250.60 2.19 

Nitrate (mg/L) 4.94 6.33 0.78 

Phosphate (mg/L) 0.56 0.35 1.63 

Sodium (mg/L) 46.77 10.79 4.33 

SAR28 1.66 0.62 2.67 

Iron (mg/L) 6.42 0.71 9.00 

Manganese (mg/L) 1.12 0.32 3.48 

Boron (mg/L) 0.15 0.14 1.13 

Source: Laboratory of Department of Agriculture, Chiang Mai University  

 

                                                
28 SAR refers to “Sodium Adsorption Ratio”. Sometimes it is by the symbol “RNa”. 
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Thus, these tests show that the view of many farmers29 that water quality was worse 

from underground source was correct, that there was indeed a higher iron content in the 

water from non-member underground sources compared with that from muang fai 

farms. Two of the water samples from underground sources had salinity content higher 

than the recommended maximum content (ECw30 = 3.8 dS/m) stated in the FAO 

guidelines. The guidelines state that salts in the soil or water reduce water availability to 

the crop to such an extent that yield is affected (FAO, 1994).  Thus this analysis may 

explain another motivation farmers may have for using muang fai water, that the higher 

quality of water is leading to higher productivity. 

 

The chemical analysis may also partly explain why muang fai farms were more efficient 

in using water. As the discussion previously suggests, muang fai farmers used 45% less 

water than farmers who used underground irrigation water. From many years of farming 

experience, farmers who use underground water have realised that they have to irrigate 

more frequently than muang fai users in order to minimise the adverse effects of high 

salinity concentrations in the water and be able to grow crop successfully (Ayers & 

Westcot, 1985). Thus, more frequent irrigation maintains higher soil water content in 

the upper parts of the root zone, while reducing the concentration of soluble salts.  

 

6.6 Conclusion 

The PSM analysis showed that participating in the muang fai irrigation system resulted 

in a significant increase in farm productivity of approximately 40.6%. This productivity 

                                                
29 The information obtained from various interviews and focus group discussions. 

30 ECw means Electrical Conductivity of the irrigation water in dS/m. It refers to salinity of irrigation 

water. The ECw is usually reported in dS/m (1 dS/m = 1000 EC or µS/cm) = approximately 640 mg/kg 

(or ppm). One  mega litre at ECw 1 dS/m contains approximately 640 kilograms of salts) 
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increase can be attributed primarily to the difference in the quality of their products and 

thus the price that the farmers receive from selling them. This estimated gain was 

statistically significant (1% level) for a number of different matching techniques. 

 

In terms of water conservation, the study found that the estimated water saving was also 

statistically significant for the various matching techniques tested. The muang fai 

irrigation system was much more efficient in using water compared with the 

underground system. Under the underground irrigation system, the average water use 

was about 1,720 cubic meters per hectare per year. If these farmers used muang fai 

irrigation, they would have conserved almost half of their water consumption (48%).  

The empirical evidence showed that a traditionally-managed communal water irrigation 

system was not only better compared to a privately-owned underground pump irrigation 

in conserving water, provided water that was less hazardous to the plants, but was also 

better in improving the livelihood of most farmers. Chemical analysis of the water 

which found that water from the muang fai canal was of better quality compared to that 

from underground partly explains the results of the PSM analysis.  
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Chapter 7 

Conclusion 

 

7.1 Introduction 

In Thailand, traditional communal irrigation plays an important role in the country's 

agriculture sector, especially in the northern highlands. In this region, water from the 

traditional communal irrigation system called the muang fai, serves as the main source 

of irrigation water. 

 

The continued existence of muang fai in northern Thailand  has been the subject of 

various studies. This study attempted to revisit various factors that have contributed to 

the survivability of the system by quantitatively exploring the determinants that 

influence a farmer’s decision to adopt the system, as well as estimating the benefits of 

adoption. In doing so, important reasons behind the continued existence of the muang 

fai system were identified. Additionally, the results of this thesis contribute to the 

debate over whether common property, such as the muang fai, or private property, is the 

best type of institution for managing water resources in developing countries. 

 

One of the objectives of this study was to explore the key factors that affect farmer 

adoption of the muang fai system by applying a logistic model to farmer survey data. 

The aim of this model estimation was to identify the main factors that affect the 

likelihood of a farmer joining the muang fai instead of adopting other methods of 

irrigation, i.e., underground pump irrigation.  
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More specifically, this study aimed to: (1) identify the key factors that contribute to a 

farmer’s decision to participate in the muang fai irrigation system; (2) estimate the 

benefits of participating in the muang fai irrigation system by estimating the 

productivity gain from adopting the muang fai system instead of underground irrigation; 

and (3) to find out whether or not (and to what extent) farmers who were members of 

the muang fai irrigation system used water more efficiently than farmers with 

alternative sources of irrigation. 

 

To achieve the aforementioned research objectives, a survey of 481 Longan (the main 

crop in the region) growing farmers in the muang fai Sop Rong system, one of the 

largest muang fai irrigation systems in northern Thailand, was conducted. Both those 

engaged in the muang fai system and underground pump users were surveyed by 

collecting information on various farming and socio-economic characteristics. 

 

This chapter reviews a number of key contributions as well as key findings of this 

study. The chapter begins with a summary of this study in Section 7.2, followed by 

Section 7.3 which addresses the main findings and key contributions of this thesis. Next 

Section 7.4 addresses implications for policy and practices. Limitations and constraints 

are summarised in Section 7.5, and finally Section 7.6 outlines recommendation for 

related future research. 

 

7.2 Thesis Overview 

The first chapter of this study outlined the structure of the research. The chapter 

discussed details of the research questions and hypotheses. The chapter also outlined the 

method and the significance of the study, and highlighted the expected contributions. 

Chapter 2 contained a review of literature related to this study. The chapter examined 
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the literature on the impact of adopting traditional irrigation water resources on 

agricultural production and water conservation. The chapter also compared and 

contrasted the pattern of Thailand’s irrigation water management methods with other 

countries. The following chapter provided a description of the methodology that was 

employed. It described the research design, the population and sample, and the data 

collection method for the study. The chapter also described the design of the study 

questionnaire.  

 

Chapter 4 provided details of the study area’s geographic and socio-economic 

conditions, characteristics of the irrigation system, and farmer’s social and economic 

status. The chapter also discussed technical specifications and management of the 

irrigation system. Chapter 5, discussed the results of the logistic regression, identifying 

the main factors that determine a farmer’s decision to join the muang fai system. 

 

Finally Chapter 6 aimed to estimate the impact of muang fai adoption by applying the 

Propensity Score Matching (PSM) method to quantitatively analyse the effectiveness of 

traditional communal water irrigation systems, namely the muang fai system, compared 

with the modern, privatised pump irrigation system. This chapter also examined the 

criteria used to determine the economic (measured by farm productivity) and 

environmental (measured by water use efficiency) impacts/benefits of muang fai 

participation. 

 

7.3 Key Findings and Contributions to the Literature 

This section summarises the key research findings and contributions of this thesis. The 

first part of this section outlines a set of four key findings and latter part outlines the 

three key contributions of this study to knowledge. 
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7.3.1 Key Findings 

Key Finding 1: Factors Influencing Farmers’ Irrigation Adoption Decisions 

The first key finding is related to the question of what are the determinants of a farmer's 

adoption of the muang fai irrigation system? The findings from this thesis in general 

conform to the existing literature. There are a number of studies about traditional water 

management systems like muang fai in northern Thailand, including Ounvichit (2008) 

and Pantana et al. (2004). These studies generally focus on either demonstrating the role 

of individuals in participation or the structure of participatory management. However, 

there has been little research to assess what are the determinants of a farmer’s decisions 

to participate in irrigation systems like muang fai. 

 

The results of this study show that there are various factors that influence a farmer’s 

decision to adopt an irrigation scheme.  A factor that strongly affects a farmer’s 

participation is the farm’s distance to the closest muang fai canal. However, this 

physical accessibility is not the sole determinant of participation. The results also 

suggest that other variables like a farm’s characteristics, economics, and social factors 

also play an important role in a farmer’s decision to participate.  

 

In relation to farming practices, the results show that the more experience that the 

farmer has, the more likely he/she is to use water from pump irrigation rather than from 

the muang fai system. Furthermore, with respect to economics and social factors, we 

found that a farmer’s economic status, as approximated by their total expenditure per 

person, negatively affects the likelihood of participation. Richer farmers tend to use 

pump irrigation rather than adopt muang fai as they have the financial capacity to adopt 

such a costly technology. 
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Key Finding 2: Non-linear Relationship between Adoption and Farm Size 

The research findings also clearly suggest that proximity to the closest muang fai canal 

was not the sole determinant of farmer participation in the muang fai system. Proximity 

was one of the strongest determinants, but there were also other statistically significant 

factors that play a role in participation. One of the important determining factors is the 

size of farmland, which was found to be quite a strong predictor of a farmer’s 

participation.  

 

A non-linear relationship was estimated between farm-size and participation in muang 

fai. The statistical analysis indicated that when the area of the farmland was smaller 

than some threshold, the larger the land area is, the more likely farmers will participate 

in the muang fai system. However, beyond this threshold, larger land area is associated 

with a lower probability of participation. Except for Bardhan (2000), this type of 

relationship between farm size and irrigation adoption has not been observed commonly 

in the literature. The relationship was found to be non-linear with participation 

probability first increasing with farm size, but then decreasing after some point.  

 

Key Finding 3: Muang fai Provides Farming Productivity and Welfare 

Improvement 

The next set of findings was related to the impact of participation on farming 

productivity and water use efficiency. There is strong evidence from the literature 

(Mabry, 1996; Sordalen, 2011) to support the statement that small-scale traditional 

irrigation can improve the welfare of farmers. Moreover, in general, the literature also 

suggests that water resources, if managed by communal systems, will be conserved 

rather than wasted, particularly in the case of open-access water resources (Ostrom, 

1990).  
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From the impact evaluation literature, Propensity Score Matching (PSM) was applied to 

find out whether farmers who are members of the muang fai irrigation system use water 

more efficiently than farmers with alternative sources of irrigation. The assessment was 

based on identifying which system is better in terms of farming productivity and water 

use efficiency by comparing two kinds of irrigation systems: the community-based 

muang fai irrigation and underground pump irrigation systems. If muang fai could be 

shown to be the better alternative, it could promote water conservation through water 

use efficiency, and to improve the welfare of rural society through improving farming 

productivity. The PSM analysis shows that participating in the muang fai irrigation 

system results in a significant increase in farm productivity. The results show that an 

increase in productivity can be attributed primarily to the difference in the quality of 

their products and eventually the price that the farmers receive from selling them. This 

estimated gain is statistically significant and robust to various different matching 

techniques.  

 

In terms of the water conservation aspect, the empirical evidence has shown that the 

estimated water saving is also statistically significant and quite robust to various 

different matching techniques. We found that the muang fai irrigation system is much 

more efficient in using water. If farmers used muang fai irrigation, they would conserve 

almost half of their water consumption compared to farmers who used underground 

water. The finding also confirms how a traditionally managed communal water 

irrigation system is not only better compared to a privately-owned underground pump 

irrigation in conserving water, but also better in improving the livelihood of most 

farmers.  

 

 



141 

 

 Key Finding 4: Social Capital Plays Important Role for Adoption Decision 

One of the key findings shows that social capital or social networking, as measured by 

the proportion of muang fai members in the village, was found to strongly affect the 

probability of individual’s decision to participate in the system. The motivation for 

farmers to participate in the muang fai system is influenced socially by their family, 

friends and their community.  

 

The study shows that farmers who live in a village that has more muang fai members 

than others, tend to have a higher probability of participating in the system. Individuals 

of a rural community are likely to be sensitive to the views of their family, friends and 

neighbours in influencing their decision to engage in similar cooperative activities. 

Instead of making their own decision based on their own desire, they would be likely to 

act the same way as other members of the family or their peers.  

 

7.3.2 Key Contributions 

Key Contribution 1: Economics and Quantitative Analysis of Muang fai 

The results from this thesis will contribute to the literature on the study of traditional 

irrigation system through the application of more quantitative and statistical economics 

analysis. Unlike most other studies, it explores an adoption of the muang fai irrigation 

system from an economic perspective, which has largely been absent in other studies. In 

doing so, the aim was to identify the reasons behind the continued existence of the 

muang fai system.  

 

Much of the literature on the muang fai system is in the area of sociological study. It 

focuses on exploring the system’s local knowledge of community-based irrigation 

management (Surarerks, 2006), participatory management structure (Ounvichit, 2007), 



142 

 

and traditional irrigation administrative arrangements (Neef et al., 2006). In contrast, the 

current study investigated various factors that contribute to the survivability of this 

irrigation system, by exploring quantitatively using economic analysis the determinants 

of a farmer’s adoption as well as providing estimates of the benefits gained from 

adoption. Using further economic analysis, it discovered the factors that influence a 

farmer’s decision to adopt muang fai, and also indicated which are the dominant factors 

and which ones do not influence the farmer’s decision.  

 

Key Contribution 2: PSM Analysis on the Impact of Muang fai Water Use 

Propensity Score Matching (PSM) technique is commonly found in impact evaluation 

literature (Dehejia & Wahba, 2002). The transferring and successful application of PSM 

to the irrigation adoption issues analysed in this thesis amounts to a second key 

contribution.  

 

As just outlined above, the PSM analysis that was used to estimate the impact or benefit 

of using the muang fai system found that it was not only better at conserving water 

compared with privately-owned underground pump irrigation, but it was also better at 

improving the livelihood of the majority of farmers. This strong finding is definitely 

supportive of the preservation of traditional water irrigation in particular, and the 

principle of Common Property Resource (CPR) in general.  

 

Key Contribution 3: Role of Small-scale Irrigation in Water Resource 

Management 

This research finding also adds empirical evidence supporting the role of small-scale 

irrigation in water resource management. The finding may also contribute to the debate 
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over whether common pool or private property is the right institution in managing water 

resources in developing countries.  

 

The muang fai irrigation system was characterised by Ostrom’s principle of Common 

Rool Resource (CPR). The rules, such as a member’s responsibility, were clearly 

defined. Decision making was a democratic process and internal monitoring and 

sanctioning existed. The system’s conflict resolution mechanism was clear and the 

system's authority was recognised by outside authorities. Ostrom (1990) suggested that 

these principles are the key to effective management of water resources by localised 

institutions. The survival of the muang fai system for over a hundred years is evidence 

of the validity of this CPR principle. This thesis strengthens the validity of the principle. 

 

7.4 Implication for Water Management Policies and 

Practices 

The findings from this study may give new insights into the policy arena at the local 

level. In certain situations, the policy implications may also be applied to other regions 

that confront a similar situation.  

 

The implications for water management policies and practices are highlighted as 

follows.  

 

(1) Engineering Approach to Improve Irrigation Management Needs to be 

Combined with Socio-economic Considerations.   

In many cases, technological options, such as building canals, dams, and water flow 

engineering, dominate the approach used to improve irrigation management. Often such 
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an approach has its basis in a desire to bring water closer to farms. However, 

exploration of the factors affecting participation in the muang fai system suggests that 

there are important influences to consider other than distance. There are also other 

sociological, economic and demographic factors that play a role in the adoption 

decision. This would probably be the case for any new irrigation investment in 

developing countries. Thus, an initiative to invest in bringing the canal to be closer to 

the farmer's farmland needs to be complemented by other approaches as well. It should 

consider other socio-economic determinants carefully, one of which is the effect of 

social interaction or peer influences.  

 

(2) Non-linear Impact on Farm Size Implies Different Policy Recommendations 

to Different Farm Scale.  

Our findings suggest that participation in the muang fai system is more likely to happen 

when the land size is not too large. When the land size is quite large, then participation 

will be less likely to occur. One reason of this non-linearity is that the characteristics of 

the muang fai system (such as the system of rotation) are not suitable for large-size 

farmland.  

 

Unlike farmers who own relatively small size of farmland, farmers who own industrial-

scale size would be more secure with the choice of not adopting the muang fai system. 

This option would allow them to have more flexibility to water their farmland because 

they are unconstrained by the communal responsibilities of muang fai. Thus, if policy 

makers are considering the introduction of a new irrigation scheme to an area, it would 

probably be better to use a muang fai scheme where there are many smaller farms than 

fewer larger farms.  
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(3) An adoption of Muang fai System could be an Instrument for Water 

Conservation.  

The finding suggests that a muang fai system uses water more efficiently than the 

underground water irrigation. Switching from the use of underground water irrigation to 

a muang fai system will have conservation value through the reduction of underground 

water depletion. Water may seem abundant, but seasonal shortages do occur.  

In the case study area, the underground water depletion has not yet becomes a big issue. 

However, in the future when urbanisation evolves, this could become a serious issue. 

Thus, muang fai system is not only attractive for water resource managers, but also for 

those who are concerned with natural resource sustainability. 

 

(4) Community Based Management can be Superior to Privatisation or 

Government Intervention.  

In this study, underground pump irrigation which represents privatisation in water 

resource management is not found to perform any better than muang fai, which is 

community based water management. Policy makers and water management 

practitioners need to be aware and learn which communities normally do well in solving 

their water management issues. Learning from others may in turn be better management 

practice than simply relying on government intervention.  The empirical identification 

of the determinants of muang fai adoption certainly can help policy at the local or 

regional level as it can be used to predict whether farmers with certain characteristics 

will join the muang fai system if an intervention takes place in an attempt to improve 

the muang fai system. The results of this study therefore suggests that community based 

institutions should not be discounted relative to private and government institutions 

when new investments in irrigation are being considered. 
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The findings of this thesis may also have policy implications for the preservation of the 

traditional muang fai irrigation system. Policy makers in the Thai government and wider 

community will benefit from the findings regarding (a) the importance of these 

traditional systems to the livelihood of farmers and (b) the valuation of local knowledge 

of the muang fai irrigation systems, to help them formulate policies for their 

conservation. 

 

Some farmers within the irrigation area are willing to become muang fai members, but 

they can’t do so because they can’t access the muang fai canals. To overcome this issue, 

the government could assist by initiating a project to develop the physical structure of 

the irrigation system; i.e. expanding the water canals to reach other surrounding areas. 

Subsequently, farmers could continue to maintain and operate the system resourcefully, 

as they do now.  

 

This study could be useful in demonstrating to government the benefits of an 

improvement in the system which simultaneously promotes the livelihood of farmers 

and water conservation. Government can fully or partially subsidise investment in the 

new canals to make the muang fai water accessible. Partial subsidy would mean that the 

beneficiaries of those new canals need to be charged for part of the investment costs. In 

such circumstances, an additional important element would be to educate farmers by 

demonstrating what they pay for can be a lot less than what they will benefit; i.e. higher 

sales price of the crops. 

 

There are some issues that need to be anticipated, if we are going to promote muang fai 

water use. There are some technical issues that could emerge. For example, one 

question that might be raised when underground farmers switch to use muang fai water, 
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is will the product automatically be better and in turn offer a higher sales price? It would 

require more research or feasibility studies in agriculture science to fully answer this 

question. Thus, this research would need to be pursued prior to implementing this policy 

recommendation. Furthermore, there would be a need to anticipate that any new 

investment might affect crowding or congestion as the system would have more 

members, so the management would need to be rearranged optimally.  

 

7.5 Limitations and Constraints 

Several limitations in this research need to be stated. Firstly, this research has limited 

external validity31 because the analysis uses a single case study at a specific location and 

specific crops. Whether we can generalise this finding to different locations or different 

crops will only be confirmed with further research. 

 

Secondly, there are important variables that could not be measured due to technical, 

time period and budget constraints. For example, other than distance to the closest canal 

that fortunately can be measured by GPS combined with GIS analysis, slope of the land 

from the farm location to the canal might also be an important determinant. Another 

example is the water efficiency indicator. Direct measurement of the amount of water 

used could only be carried out for selected representative farmers. The rest were 

estimated econometrically.  

 

Additional weaknesses are implied in the discussion on further research in the next 

section. These include other methodological improvements such as an inter-temporal 

analysis that examines the decision over time by farmers to adopt muang fai, further 

work to include other crops and multi-crop situations, and policy analysis that would 
                                                
31 The extent to which the results of a study can be generalised to other situations. 
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indicate the type of incentives that would encourage the more widespread take-up of 

muang fai. These types of extension would make the analysis more generalisable. 

 

Perhaps the most important aspect of this area of research related to small-scale 

irrigation systems in the developing world is related to the issue of overcoming the 

tragedy of the commons, highlighted by Hardin (1968). The muang fai investigated in 

the current study overcomes this problem by using a communal management system 

that emphasises and empowers social relations in the community through a system of 

voluntary rules. However, this is only a single empirical contribution. What is really 

needed is a more general theory that extends Ostram’s (2002) observations. Such a 

general theory would provide a foundation for stronger policy recommendations about 

what emphasis to give to the various aspects of small-scale irrigation technology and 

management, dependent on the characteristics of particular cases.  

 

7.6 Recommendations for Further Research 

Several studies can be purposed for future work from the results obtained from this 

study.  The methodology that was used in this study could be improved upon for future 

studies. In a situation where data is not a constraint, the PSM is not an ideal approach. 

The lessons from the impact evaluation literature suggest that when data can be 

collected  over a number of different time periods, during which farmers could be 

observed switching their water source from the muang fai system to an underground 

system and vice versa, the difference-in-difference method would be a better alternative 

method to the PSM (Buckley & Shang, 2003). 

 

Moreover, an even better alternative than the difference-in-difference method is a 

natural experiment. In an ideal situation where during the initial phase of the study, all 
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households have not subscribed yet, but are about to subscribe, we can simply observe 

which households subscribe and which do not, then by comparison determine the 

variables that influence the decision. 

 

Future studies could also extend this methodology to different types of crops. The 

Longan is a perennial crop that requires less irrigation than other crops such as paddy. 

The queuing system of the muang fai may be less of a constraint for perennial crops 

such as Longan, but may be a big constraint for rice-fields. Whether water from the 

muang fai system is better for growing these other crops in terms of productivity and 

water conservation is open for further research.   

 

In addition, more detailed analysis might be useful to understand the farming 

circumstances of the larger farms in the region, which tend to be underground-pump 

users. The analysis here has concentrated on the use of water resources, and from this 

perspective it would seem that timing issues related to water use are critical to such 

farms. A more over-arching analysis, including the total resources of the farm, might be 

useful to confirm this. 

 

More policy relevant work would be worthwhile investing in for future research. There 

are various options for intervention, with the motivation being either to improve 

farmer's livelihood through increasing productivity or to improve water conservation. 

Extending the coverage of the muang fai irrigation system, for example, would increase 

the likelihood of farmers participating in the system, particularly for those who 

currently have no access to the system, and in turn, improve their livelihood. This 

construction work to extend the system may need financial support and perhaps some 
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government subsidies. This problem could be considered through a cost-benefit 

analysis.  

 

Finally, as with all irrigation systems, climate change may in future be a challenge for 

the muang fai. The current estimates suggest that the climate of the region could be 

more variable, with increased incidence of droughts and floods (Malanson et al. 2014). 

There is potential for further research on the impacts of this on the stability of the 

muang fai system, and the sustainability of livelihoods that depend on it. 
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Introduction: 

 

Would you mind answering some of the questions about the Muang fai Irrigation 

system? I will not write down your identity details can be certain that all your answers 

will remain confidential. If you wish, I can give you either my personal or the university 

contact details. 

 

Both members and non-members of the Muang fai irrigation system will be asked the 

same set of questions. However, the last two open questions will be answered by non-

members only. 

 

Interview Date:  

Interview Number:  

Farmer’s Name:  

House Registration Number:  

Village Name (Bann)  

Village Number:  

Sub-District (Tambon)  

District (Amphur):  

Province (Changwat)  

 

 

Part 1:  Household Characteristics: 

 

1. Are you the head of the family? 

[      ]     Yes 

[      ]     No 
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2. Are you currently a member of Muang fai? 

[      ]     Yes 

[      ]     No 

If the answer is ‘Yes’, continue asking qustions up until Question 64 

If the answer is ‘No’, continue asking qustions up until Question 66 

 

3. What is the gender of the household head? 

[      ]     Male 

[      ]     Female 

 

4. What is the age of the household head? 

[___________________________] 

 

5. What is th household head’s level of education? 

[      ]   No School 

[      ]   Primary School 

[      ]   Elementary School 

[      ]   High School 

[      ]   University 

 

6. How many people live in the house? 

[___________________________] 

 

7. How many female members are in this household? 

[___________________________] 

8. How much total land area do you own? (rai) (including plots outside the village) 

[___________________________] 
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9. How much land do you rent from someone? (rai) 

[___________________________] 

 

10. How much of the total land that you own is irrigated (rai)? 

[___________________________] 

 

11. Do you use water from any irrigation system?  

[      ]     Yes 

[      ]     No 

 

12. Out of total land area that you own, how much of the land area that you make 

use of as farming plots area? (rai)  

[___________________________] 

 

13. Where is your farmland located (at the head or tail of water path)? 

[___________________________] 

 

14. How far is the furthest cultivation plot from your house? 

[      ] kilometre(s) 

[      ] walking distance (hours) 

[      ] riding motorbike (hours) 

[      ] driving truck (hours) 

 

 

15. How many year of farming experience do you have?  

[___________________________] 
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16. How many farmers’ associations do you belong to?  

[___________________________] 

 

17. How many people in the family work off-farm? 

[___________________________] 

 

18. What are the occupations of your family members who work off-farm? 

[___________________________] 

 

19. How many people in the family regularly work on-farm? 

[___________________________] 

 

20. Did you hire any labour to work on the farm? 

[      ]   Yes 

[      ]   No 

 

21. How many workers did you hire in previous harvest periods? 

[___________________________]   1st previous harvest period in last year. 

[___________________________]   2nd previous harvest period in last year. 

[___________________________]   3rd previous harvest period in last year. 

 

22. How do you normally hire additional labor to work on the farm? 

[      ] full-time workers 

[      ] seasonal workers (2-6 months / year) 

[      ] casual workers (less than 2 months / year) 
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23. What is your consumption expenditure? (baht / person / month) 

[___________________________] 

 

24. What is your approximate home grown consumption? (baht / person / month) 

[___________________________] 

 

25. How much credit do you borrow from financial institutions, eg. Banks? 

[___________________________] 

 

26. How much credit do you borrow from private lenders? (Baht) 

[___________________________] 

 

27. How much credit do you borrow from family members? (Baht) 

[___________________________] 

 

28. How much seeds credit do you borrow from lenders? (Baht) 

[___________________________] 

 

29. How much fertilizer credit do you borrow from lenders? (Baht) 

[___________________________] 
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Part 2:  Farming Characteristics: 

30. Which crop offers you the highest (1) and lowest (5) returns?  

(ranking from 1 to 5) 

[      ]   Rice 

[      ]   Soybeans 

[      ]   Garlic 

[      ]   Onion 

[      ]   Tobacco 

 

31. How certain is the quantity of longan yield compared to the other crops? 

[      ]   Much less 

[      ]   Less 

[      ]   Neutral 

[      ]   More 

[      ]   Much more 

 

32. How certain is the price of longan yield compared to the other crops? 

[      ]   Much less 

[      ]   Less 

[      ]   Neutral 

[      ]   More 

[      ]   Much more 

 

33. Have you grown longan for the past 10 years? 

[      ]   Yes 

[      ]   No 

34. Have you grown other crops for the last 10 years? 
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[      ]   Yes 

[      ]   No 

 

35. Have you ever received information about paddy farming? 

[      ]   Yes 

[      ]   No 

 

36. Where have you received information about longan farming? 

[      ]   Government 

[      ]   Farmer’s Association 

[      ]   NGO 

[      ]   Village meeting 

[      ]   Neighbours/ Family/ Friends 

 

37. Do many people in your village grow longan? 

[      ]   Yes 

[      ]   No 

 

38. Do you presently grow longan? 

[      ]   Yes 

[      ]   No 

 

39. What is the total land area that you grow longan? (rai) 

[___________________________] 
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40. What is the total amount of seeds that you use? (kg) 

[___________________________]   1st previous harvest period in last year. 

[___________________________]   2nd previous harvest period in last year. 

[___________________________]   3rd previous harvest period in last year. 

 

41. How much is the cost of seeds price? (baht/kg) 

[___________________________]   1st previous harvest period in last year. 

[___________________________]   2nd previous harvest period in last year. 

[___________________________]   3rd previous harvest period in last year. 

 

42. How much is the total costs of seeds? (baht) 

[___________________________]   1st previous harvest period in last year. 

[___________________________]   2nd previous harvest period in last year. 

[___________________________]   3rd previous harvest period in last year. 

 

43. How many months did you have to wait to harvest your longan (starting from 

planting until harvesting month)? 

[___________________________] 

 

44. Why do you do longan farming? 

[      ]   Provide regular income annually 

[      ]   Provide higher income than other crops 

[      ]   Develop existing asset (land) 

[      ]   Follow other farmers/ neighbours 

[      ]   Want to grow something other than crops 
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45. How is the market price of longan now compared to 5 years ago? 

[      ]   Much Lower 

[      ]   Lower 

[      ]   Same 

[      ]   Higher 

[      ]   Much Higher 

 

46. How many kilograms of longan did you get from previous harvest seasons? 

(kg/rai) 

[___________________________]   1st previous harvest period in last year. 

[___________________________]   2nd previous harvest period in last year. 

[___________________________]   3rd previous harvest period in last year. 

 

47. What was the price of longan did you get from previous harvest seasons?  

(baht / kg) 

[___________________________]   1st previous harvest period in last year. 

[___________________________]   2nd previous harvest period in last year. 

[___________________________]   3rd previous harvest period in last year. 

 

48. Who did you sell your output to? 

[      ]   Village Middlemen 

[      ]   Companies 

[      ]   Others 
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Part 3:  Muang fai Characteristics: 

49. Do you know anything about the Muang fai membership agreement? 

[      ]   Yes 

[      ]   No 

50. Have you ever received information about Muang fai Membership? 

[      ]   Yes 

[      ]   No 

 

51. Where have you received information about Muang fai Membership? 

[      ]   Government 

[      ]   NGO 

[      ]   Farmer’s Association 

[      ]   Village Meeting 

[      ]   Neighbours/ Family/ Friends 

 

52. Are you presently a member of Muang fai? 

[      ]    Yes 

[      ]    No   (continue from Question 62) 

 

53. How many years have you been a member of Muang fai? 

[___________________________] 

 

54. How much do you have to pay to become a member of Muang fai? (baht/year) 

[___________________________] 
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55. Why did you choose to be a member of Muang fai system? 

[      ]   Access to water in dry-season 

[      ]   Improve quality and quantity of output 

[      ]   Previously was a member 

[      ]   Most neighbours are members 

[      ]   Other season 

 

56. How much of the profit did you gain from being a Muang fai member compared 

to being non-member? 

[      ]   Much Less 

[      ]   Less 

[      ]   Same 

[      ]   More 

[      ]   Much More 

 

57. How easy or difficult is it to follow the rules and penalties of Muang fai 

contract? 

[      ]   Very difficult 

[      ]   Difficult 

[      ]   Neutral 

[      ]   Easy 

[      ]   Very Easy 

 

  



179 

 

58. How often does the Muang fai committees organise the member meetings? 

[      ]   Twice a month 

[      ]   Once a month 

[      ]   Once every two months 

[      ]   Once every four months 

 

59. How often have you attend a village meeting organised by the Muang fai 

committees? 

[      ]   Regularly 

[      ]   Occasionally 

[      ]   None 

60. Did you receive sufficient water from the Muang fai system to grow dry season 

crops? 

[      ]   Sufficient 

[      ]   Insufficient 

[      ]   Almost None 

 

61. Do you use water from the Muang fai system for farming other crops besides 

rice? 

[       ]   Yes 

[       ]   No 

 

62. Who gains a better price of longan between a member and non-member of 

Muang fai? 

[      ]   Member 

[      ]   Non-member 
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63. Do you think Muang fai system can solve water scarcity problem? 

[      ]   Yes 

[      ]   No 

 

64. When the water supply from Muang fai is inadequate, what are the reasons? 

(Tick one or more) 

[      ]   Inadequate water supply 

[      ]   Poor maintenance 

[      ]   Poor enforcement of rules and penalties 

[      ]   Excess use of water by other water users 

[      ]   Other reasons 

 

For Non-members ONLY: 

 

65. Why did you choose to grow longan relying water from rain-fed only? 

[________________________________________________________] 

 

66. What could change your decision and make you a member of Muang fai? 

[________________________________________________________] 

 

 

Thank you very much for your time in answering this survey! 

 

END OF SURVEY 




