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Abstract


In recent years in northern Thailand, the traditional surface-water irrigation system known as muang fai has been challenged by the introduction of small-scale, groundwater pumping technology. This trend presents concerns about the sustainability of the system, as the new technology uses more water but produces lower-quality agricultural outputs. In this paper, we provide evidence that farmers who use relatively modern irrigation technology (ground water pumping systems) are willing to switch to a more traditional (hundreds of years old) and more sustainable surface water irrigation system. In the Sop Rong region in northern Thailand, we surveyed 570 longan farmers, approximately half being muang fai members and half using pumped groundwater. We designed an experiment for the second group to check whether they were interested in becoming muang fai members in a scenario where they have access to the canal system. We found that almost half of them were willing to pay fees to become members and that the negative relationship between membership fees and the willingness to join is robust after controlling for all other relevant factors. Despite this positive result for sustainability, suggesting that there is a price at which many farmers would be willing to switch to a more water-saving system, few farmers are making the shift. We conclude that there are strong social pressures that discourage them from doing so. Such social influences are probably an important and often overlooked determinant of efforts to achieve sustainability.
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1. Introduction


Presently, there are many different types of irrigation systems in use on farms. Modern systems are either in the form of large-/medium-size dams or small-scale irrigation systems using pumps to extract water from underground sources. These new modern systems are mostly used to replace traditional ones. In the case of northern Thailand, some farmers still are actively engaged in a traditional irrigation system that heavily relies on surface water from rivers or water streams. This communal irrigation system, called muang fai, was established more than 700 years ago. It has been managed through community-based participation and has undergone little change for generations ([1] p. 13).



We based our study at the muang fai Sop Rong irrigation system (see the next section for a more detailed description of the area). Previous studies of longan fruit farming in the area have shown that the muang fai farmers achieve higher water use efficiency on average than farmers who pump irrigation water from underground [2]. Moreover, the water tends to be of higher quality than that pumped from underground, resulting in larger longan fruit. This fruit generates higher revenues from the market and, hence, higher profits for those farmers who are members of the muang fai [2]. Hence, there would appear to be a financial incentive for farmers to switch from pumping water from underground to the muang fai system, and the muang fai system is more sustainable in terms of water use efficiency. In one part of the catchment, consisting of about 17% of the total area, groundwater is reaching critical quantitative limits where the system is at risk of switching from being natural flow-dominated to being human flow-dominated if the muang fai system were replaced by underground pump irrigation [3]. A major constraint for many of these farmers is that they live some distance from a muang fai canal. Nevertheless, it is possible to extend the canal system and it seemed a worthwhile investigation to attempt to discover how much the non-members of the muang fai would be willing to pay to become members, and have the right to muang fai irrigation water.



Therefore, the objective of our research was to assess to what extent farmers who use relatively modern irrigation technology are willing to pay to become a member of a traditional, communal managed irrigation system. The paper also aims to identify which factors determine their willingness to pay to become a system member.



This paper starts by providing background information on the traditional muang fai irrigation system of northern Thailand. Then, in the second section, we look at a comparison between the muang fai system and the system of pumping water from underground by investigating both systems in terms of water use efficiency and agricultural productivity that generates income for farmers. The data used are also explained in this section, including information on the data collection procedures and the design of the survey instrument. In Section 3, we then discuss the methods based on logistic regression and contingent valuation. Then, in Section 4, we report on and discuss the findings of this study, followed by the conclusions in Section 5.




2. Materials and Methods


2.1. Study Region


In northern Thailand, especially around Chiang Mai province, the topographical structure comprises mainly mountains and valleys with plentiful forests. This area is known as a high rainfall area. Despite this, data from the Meteorological Department of Chiang Mai show that the amount of rainfall across Chiang Mai province during the rainy season varies considerably and often limits agricultural production, necessitating irrigation. The study area is shown as the highlighted area in Figure 1.



Even though traditional irrigation is popular in this area, extracting underground water using an electric or diesel pump is also practiced. This water is used in households and in agricultural production. In this area, most farmers are engaged in rice farming or fruit orchards. The chosen study area of muang fai Sop Rong is located in the San Pa Tong district on the northwestern side of Chiang Mai province. The district has 12 major villages in the San Pa Tong district (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) [4]. As shown in Figure 2, the system is located on the bank of the Ping River at Tambon Nong Tong.



Traditionally, a muang fai irrigation system is constructed from natural materials that are quite easy to find around the local area. The system is impermanent and so quite flexible to repair or restore. The system distributes water to orchards and paddy fields along dirt lateral canals by letting it flow to farmland naturally or by using pumps to speed up the water flow to the farms. The muang fai Sop Rong is one of the examples where almost all of the canals pass through the members’ farmland or alongside the farm. These canals have been constructed by farmers by laboriously digging the ground deep enough to allow water to flow through. In contrast, the weirs and the main gates on the river are made of concrete and are, therefore, more permanent. Before 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 [5].



Modern alternative irrigation uses water pumped from underground sources. The main advantage of this underground pumped system is that water is always available whenever farmers need it, while the muang fai water is not always available when farmers need it as the system is based on a fixed rotation order that allows water users to have access to it only when their turn has arrived. Thus, muang fai members are disadvantaged relative to those pumping water from underground because there is less reliability and flexibility in the supply of their water. Despite such apparent disadvantages, membership of the muang fai has been relatively stable over time [3]. Nowadays, the depletion of groundwater resources is becoming a global concern as aquifers are being pumped at unsustainable rates. About 17% of the Sop Rong watershed faces this risk [3]. Enhanced irrigation efficiencies and conservation measures are being implemented where possible.




2.2. Data Collection


In the Sop Rong area, we collected information on farmland characteristics and socio-economic variables from 570 longan farmer households. We selected longan because it is the most important crop in the area. Over 90% of the households in the study region grow longan, compared with just over 10% growing rice [6]. We divided the sample into two groups (of approximately equal size) based on their type of irrigation. These two groups are the muang fai group and the underground water users. After all the data were collected and organized, we ended up with 481 households appropriate for data analysis.



First of all, we collected data on the characteristic of farmland size, which clearly affects the need for irrigation water. Farmers choose a particular type of irrigation that best suits their farmland and crop needs. Farmers mainly consider relevant features such as the reliability (in terms of continuity of water flow whenever it is used), flexibility (in terms of when and how long water flow can be directed to their farm land), and, importantly, water quality. It was expected that the larger the farm size, the more water it would need.



We also collected farmers’ socio-economic data such as data on economic status (as measured by expenditure per person). Economic status may have an impact on the probability of participation in the muang fai system because membership requires a certain amount of fees. Nevertheless, since the fees are relatively low at about 25 THB/rai/year (equivalent to about USD 5.20/ha), the effect on participation may not be substantial. Instead, for the richer farmers, being better-off makes underground pump irrigation more affordable. Thus, it may be that the richer the farmer is, the less likely he/she is to participate in the muang fai system as they have more access to the alternative choice of pumping water from underground. In addition to this, off-farm employment was expected to be negatively associated with muang fai participation. Becoming a muang fai member requires a regular contribution of time to maintain the system. Off-farm employment may, therefore, reduce the likelihood of participation.



Additionally, the survey questionnaire was constructed to include a contingent valuation experiment of non-members of the muang fai (users of underground pumped water). In particular, we asked them the following question:


“Suppose you have an access to muang fai canals, will you apply for a membership if the fee is THB ......?”







We randomized the fees, giving each respondent one of seven different fee levels. The objective was to ascertain whether lower stated fees were associated with a higher probability of willingness to become a member.





3. Method


For this study, a logistic regression or logit model was used to examine which factors determine a farmer’s decision to adopt the communal muang fai irrigation system. In a similar manner, the approach was used to determine the factors influencing farmer adoption of water-saving technology in China [7]. A logit model regression was used in this case, where the dependent variable was muang fai membership, and the model was used to identify the main determinants of participation in the muang fai system. The independent variables were grouped into different farm, demographic, and socio-economic characteristics. The specification of the variables to be included in the model was based on the existing literature, expert interviews, and focus group discussions.



The logistic model is 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)



(1)




where x denotes a set of independent variables and the dependent variable y denotes a muang fai participation indicator. The variable y is a binary variable. It takes the value of 1 if the farmer participates in the system, while the value of 0 indicates that the farmer does not participate in the system. On the other hand, the independent variables xi contained various farm and farmer characteristics such as farm size, age, gender, marital status, level of education, and other factors that could affect participation.



To ascertain the likely level of demand for membership of the muang fai by non-members, we used a contingent valuation (CV) method. As discussed in Section 2.2, this involved questioning respondents about their preferences for membership at various randomly assigned bid levels. A fundamental choice in stated preference studies is whether to select an attribute-based technique (such as a choice experiment) or a non-attribute-based technique (such as a contingent valuation method). Johnston et al. [8] observed that while choice experiments (CEs) have the ability to estimate marginal values, they can be complex and potentially lose incentive compatibility, while CV can estimate values when an item cannot be easily defined in terms of attributes. They recommend ([8] p. 333) that the choice between CE or CV should be based on “how respondents tend to perceive the good, the study objectives, and the information content of valuation scenarios”. Contingent valuation was selected for use in our study because our goal was to estimate willingness to pay for the overall good and not product attributes and because our study was conducted in a context in northern Thailand, where there were possible issues with literacy and, consequently, complexity had to be avoided.




4. Results and Discussion


Table 1 shows the list of independent variables and the socio-economic characteristics of longan farmers in the Sop Rong region by the type of irrigation that they have selected. Non-members of the muang fai live, on average, about 31 m further than members from the closest muang fai canal and they are wealthier, as measured by expenditure per capita, by almost THB 300 per week (there are about THB 30.30 to one USD). These two results are significant at 5% using a t-test. Non-members also appear to have a slightly larger farm size, but this difference is not significant. The contingent valuation results show that just over 48% of non-members would be willing to pay to be members if they had access to muang fai water.



The results in Table 1 show that almost half of the non-muang fai farmers were willing to pay fees to become members, and the results in Table 2 show that the negative relationship between membership fees and the willingness to join is robust after controlling for other relevant factors. We also note that the decision to switch is more likely for farmers who have, up to a point, a larger farm and when they live in a village where muang fai membership is more common, meaning that social networking may influence a farmer’s decision about which type of irrigation they choose to adopt.



A key message is that the service provided by the muang fai (irrigation water supply) system is similar to any normal marketable goods and services. They follow the same law of demand. Farmers are keen to have access to the water whenever the price is felt to be right and there is a negatively sloped bid curve, so that demand increases as price falls.



The percentage of muang fai members in the village was observed to have a positive relationship with the probability of participation (see Table 2). The results suggest that the number of muang fai members in a village plays an important role. It is statistically significant in shaping the demand/bid curve. It may be the case that those farmers who are not members and who live in a high muang fai member intensity area gather more information (indirect advertisement) from conversations with their fellow farmers. While Olsen [9] warned that an increase in numbers beyond a certain point could work against participation, the context was different in India with very high inequity, and this was not the case of muang fai Sop Rong. 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 [10]. 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 neighbors, and consequently, they often act the same way as other members of the family or their neighbors instead of making their own decision based on their own direct preferences.



After gathering all the results, we found that almost half of the non-muang fai members (127 from 262 in total) are willing to pay to become a member or to join the water user group. The probability of them joining the muang fai is negatively associated with the amount of fees that they are offered. This finding suggests that the longan farmers are rational economic agents. They are willing to become muang fai members whenever they see that the price is “right”, which is the price that they are willing to pay to gain access to water, considering the higher revenue that they gain from better quality fruits produced using the surface water of the muang fai system. Moreover, the negative relationship between membership fee and willingness to join is robust and statistically significant at 5% after controlling for other relevant factors.



In Figure 3, the results are shown of a projection using the regression equation of Table 2 (with control). To obtain this plot, the membership fee was varied between zero and 300 THB/rai, with all other explanatory variables at their mean level. Figure 3a plots the results of all non-muang fai farmers treated as a single group. In Figure 3b, for comparison, non-muang fai farmers living in villages with low muang fai membership are compared with non-muang fai farmers in villages with high membership of the muang fai. As shown by the rightward shift of the curve, the intensity of membership in a village clearly has a direct influence on bid levels and the probability of membership.



In addition, the size of farm is another statistically significant determinant of willingness to join the muang fai. There was a non-linear relationship here, with probability of membership first increasing as area of the main crop increased; then, beyond a particular point, the probability of membership reduced with an increase in area (see Table 2). This is shown in Figure 4, which is a projection using the regression equation of Table 2 (with control). To obtain this plot, the area of longan was varied between 2 and 15 rai, with all other explanatory variables at their mean level. Hence, holding the other variables at their mean level, Figure 4 shows the relationship between the probability of membership and farm size. This reveals that the critical crop area is about 4.5 rai (about 0.7 hectares). Below this level, the probability of membership increases as size increases, while above this critical area, it reduces. About 68% of those non-muang fai farmers who expressed interest in becoming members have farms smaller than 4.5 rai.




5. Conclusions


We set out to discover to what extent farmers who use relatively modern irrigation technology, using a diesel or electric pump to harvest water from underground, are willing to pay to become a member of a traditional, communal managed irrigation system. Another objective was to identify the factors that determine their willingness to pay to become a system member.



The central result of this study is that more than 48% of the farmers who currently pump irrigation water from underground and are not members of the muang fai system indicated that they would become members to gain access to muang fai water. They would be willing to pay fees above the current membership charges. At face value, this sounds like an extremely positive result for environmental sustainability of the system, because those in the muang fai, on average, consume smaller amounts of the system’s water per unit of production than non-members. However, a perplexing question remains. Why have they not become members already? There is no restriction on membership of the muang fai; indeed, it encourages membership. However, for some, there is a physical barrier as their farm is too far from the nearest muang fai canal. About 41% of the farmers are in this category because they have farms that are more than 75 m from the nearest canal, which is considered the limit for current members. Hence, about 59% of non-members who state that they want to be members face no physical barrier to becoming members. This is just over 28% of all farmers who are pumping water from underground. So, why are these farmers not already members? For a few, the explanation possibly lies in individuals exaggerating their level of participation during a stated preference survey. Furthermore, from evidence gathered during the focus group discussions, there are strong social constraints that define whether a family belongs to the muang fai or not. Hence, there are social pressures that stand in the way of increased membership of the muang fai. A non-member is more likely to belong to a social group of non-members who may be strongly persuasive in halting a shift of an individual towards becoming a member. So, even though in a survey, many individuals may express an interest in becoming a member, this may be far from them actually becoming members.



In summary, research to estimate the price of a sustainable system (muang fai) has revealed that there is an interest from a sizable minority (just over 28%) of farmers in switching from a resource-intensive system of pumping water from underground to a more sustainable communal surface-water system. This is an encouraging result that supplements a previous observation that membership of this environmentally sustainable system is already quite stable.
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Figure 1. Map of study site of Chiang Mai province in northern Thailand. 
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Figure 2. The study area of the muang fai Sop Rong irrigation system. Source: [3]. 
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Figure 3. Relationship between amount of bid and willingness to pay for muang fai membership (a) with the whole sample and (b) by the level of village muang fai membership intensity. Source: Authors’ calculation. 
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Figure 4. Relationship between probability of membership and farm size. Note: 1 rai is about 0.16 ha. 
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Table 1. Socio-economic characteristics of longan farmers in the Sop Rong region by the irrigation they used.
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Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(6)

	
(7)

	
(8)

	
(9)




	
Non-MF Member

	
MF Member




	
Mean

	
SD

	
Min

	
Max

	
Mean

	
SD

	
Min

	
Max






	
Distance to closest muang fai (MF) canal (m)

	
86.43

	
71.60

	
0.0100

	
335.4

	
54.90

	
83.41

	
0.0676

	
1067




	
Gender, 1 = male 0 = female

	
0.790

	
0.408

	
0

	
1

	
0.831

	
0.375

	
0

	
1




	
Age (years)

	
58.65

	
10.93

	
33

	
90

	
59.25

	
10.90

	
32

	
89




	
Elementary

	
0.782

	
0.413

	
0

	
1

	
0.747

	
0.436

	
0

	
1




	
Junior secondary

	
0.0573

	
0.233

	
0

	
1

	
0.0844

	
0.278

	
0

	
1




	
Senior secondary

	
0.0840

	
0.278

	
0

	
1

	
0.0909

	
0.288

	
0

	
1




	
College

	
0.0534

	
0.225

	
0

	
1

	
0.0519

	
0.222

	
0

	
1




	
Marital status, 1 = married 0 = otherwise

	
0.870

	
0.337

	
0

	
1

	
0.883

	
0.322

	
0

	
1




	
Farming experience

	
28.24

	
14.55

	
0

	
65

	
26.44

	
14.86

	
0

	
70




	
Off-farm work days/week

	
2.481

	
2.805

	
0

	
7

	
2.016

	
2.525

	
0

	
7




	
Household size

	
3.336

	
1.354

	
1

	
7

	
3.256

	
1.280

	
1

	
7




	
Expenditure per capita (THB/week)

	
766.7

	
596.7

	
1

	
5000

	
666.3

	
469.6

	
60

	
3500




	
Percentage of members in the village (%)

	
57.40

	
16.36

	
25

	
90.48

	
70.61

	
20.37

	
25

	
90.48




	
Farm size (rai) a

	
4.545

	
4.220

	
0.500

	
30.00

	
4.907

	
4.275

	
0.500

	
37.00




	
Willing to pay to be MF member

	
0.485

	
0.501

	
0

	
1

	

	

	

	








Note: No. of observations: MF members = 308, Non-MF members = 262. a: 1 ha = 6.25 rai.













 





Table 2. Result of regression analysis of willingness to pay for muang fai membership.
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No Control

	
With Control






	
Amount of membership fee (bid) in THB

	
−0.00629 *

	
(0.00260)

	
−0.00805 **

	
(0.00298)




	
Log of distance to closest canal (m)

	

	

	
0.01000

	
(0.0998)




	
Log of area of the main crops (rai)

	

	

	
1.075 *

	
(0.431)




	
Square of log area

	

	

	
−0.360 *

	
(0.172)




	
Gender, 1 = male 0 = female

	

	

	
0.214

	
(0.351)




	
Log of age

	

	

	
1.116

	
(0.964)




	
Marital status, 1 = married 0 = otherwise

	

	

	
−0.490

	
(0.440)




	
Elementary

	

	

	
−0.965

	
(0.826)




	
Junior secondary

	

	

	
−0.744

	
(1.002)




	
Senior secondary

	

	

	
−1.311

	
(0.976)




	
College

	

	

	
−1.948

	
(1.137)




	
Log of farming experience (years)

	

	

	
−0.413

	
(0.288)




	
Log of expenditure per capita (bath/week)

	

	

	
−0.298

	
(0.195)




	
Off-farm workdays/week

	

	

	
0.0708

	
(0.0563)




	
Percentage of members in the village (%)

	

	

	
0.0181 *

	
(0.00893)




	
Household size

	

	

	
0.0909

	
(0.111)




	
Constant

	

	

	
−1.410

	




	
Observations

	
258

	

	
248

	




	
Pseudo R-squared

	
0.0166

	

	
0.0754

	




	
Robust standard errors in parentheses

	

	

	

	








** p < 0.01, * p < 0.05.
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