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Abstract: The research was designed to understand the factors that have sustained the use of a 
seven-hundred-year-old irrigation system (muang fai) in northern Thailand, despite the challenge of a 
new technology: pumping irrigation water from underground. There were two main objectives. The 
first was to assess whether the muang fai system is sustainable. The second was to determine the 
contribution of the muang fai to the groundwater sustainability in the study region. This second 
objective is related to the United Nation’s Sustainable Development Goal 6 (SDG6), water security. 
The results show that membership of the muang fai is changing slowly and the system is inherently 
stable, even given various pressures that tend to work against it, such as the increasing average farm 
size. Also, although the muang fai conserves water relative to other forms of irrigation, there is 
adequate recharge in the majority of the region to render this contribution to sustainability of the 
watershed relatively small. 
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1. Introduction 

At first sight, the muang fai irrigation system of northern Thailand seems like an anachronism. 
It is, after all, a seven-hundred-year old system. There are many alternatives available locally 
including small-scale pumping of water from underground that some farmers have adopted. 
Nevertheless, in northern Thailand the muang fai continues to thrive, and our study area is typical  

with just less than half of the irrigated farms being members of the muang fai. Our previous 
work [1] examined the factors that led longan (Dimocarpus longan) farmers to be members of the 
muang fai in Sop Rong, Chiang Mai Province, rather than adopt modern pump irrigation methods. It 
showed that both farm characteristics and a number of economic and social factors influence 
participation in the muang fai. In this paper, we extend these results to investigate whether the muang 
fai is resilient to external threats, such as increasing average farm size, and also assess the 
contribution that it makes to the local groundwater system. These research issues are related to the 
United Nation’s (UN) Sustainable Development Goal 6 (SDG6), particularly Target 6.3, with the 
indicator “proportion of bodies of water with good ambient water quality”, Target 6.4 with indicators 
for “water use efficiency over time” and “level of water stress: freshwater withdrawal as a proportion 
of freshwater resources” [2]. 

In the earlier work, a logistic model [3] was used to explain what factors affected the likelihood 
of farmers joining the muang fai; and propensity score matching enabled first a comparison between 
returns per hectare on muang fai farms and those pumping water from underground, and second a 
comparison between water use on the two types of farms. The distance of the farm from the nearest 
canal is inversely related to membership. The size of the cultivated area is also a strong predictor of 
membership, with probability of membership first increasing with area and then reducing once a 
critical size of 0.95 ha has been reached. Wealthier farmers and those who have more experience tend 
to use pump irrigation, possibly because they have greater financial resources and/or access to credit 
to purchase the equipment. 

The propensity score matching analysis showed that there is no statistical difference in longan 
yields between muang fai farms and farms pumping water from underground. However, profits per 
hectare were significantly higher on muang fai farms. Further investigation, including chemical 
analysis of the water, revealed that the surface water quality of the muang fai farms tended to be 
better and this resulted in the production of larger, higher quality fruit, resulting in the higher profits. 
Finally, the water use efficiency was higher on muang fai farms when measured either as m3/ha, 
m3/kg of fruit, or m3/Bhat of fruit sold. Moreover, on a per hectare basis, the muang fai farms use 
between 43% and 50% less water than the farms pumping water from underground.  

Hence our previous work has answered some questions, but two important ones remained 
unanswered. The first concerns the sustainability of the muang fai itself. Is it under pressure from 
alternative modern irrigation systems that will be adopted more rapidly in future? Our perspective in 
examining this first sustainability issue is different from that of Ounvichit [4]. He looked within the 
operating rules of the muang fai in an upland system to assess how it could cope with the challenges 
of water scarcity. In contrast, we have largely examined external factors impinging on the muang fai 
in a lowland area. The second issue examined in this article is the contribution of the muang fai to 
the sustainability of the local groundwater system. That is, do the members of the muang fai in 
aggregate consume less water than if they individually used pumps to collect irrigation from 
underground, and if there is a difference, is it of importance in sustaining the groundwater system? It 
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is these two questions——sustainability of the muang fai and sustainability of the groundwater 
system——that form the basis of the current paper.  

Recent work in hydrology has focused on the issues of how to define and measure sustainability 
of groundwater systems [5–8]. This research has re-directed the emphasis from safe yield of a 
groundwater system to sustainability [5,9]. Safe yield focuses on how much water could be extracted 
from a system based on its hydrological characteristics. In contrast, sustainability is a far broader 
concept that at the same time addresses the groundwater system more holistically, but also means a 
massive step-up in complexity that makes measurability challenging. Nevertheless, the more holistic 
approach is closer to the SDG6 approach of the UN. Indeed, the UN carries the holistic perspective 
beyond water resources to a concern about the impact of water resources on development 
generally [10]. 

The World Commission on Environment and Development [11] (p. 41) defined sustainability as 
“development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs”. In a hydrological context, Loucks and Gladwell [12] (p. 30) 
extended this definition so that “Sustainable water resource systems are those designed and managed 
to fully contribute to the objectives of society, now and in the future, while maintaining their 
ecological, environmental, and hydrological integrity”. Moreover, in working from these broad 
definitions, Maimone [7] (p. 809) suggests that “the idea that there exists a single, correct number 
representing sustainable yield must be abandoned. In fact, it may not be possible to completely 
address the full complexity of the concept of sustainability in many situations. Much can be gained, 
however, by an organized approach toward developing a working definition, coupled with an 
adaptive management approach”. From this perspective, Maimone [7] goes on to expound various 
issues that need to be considered in developing such an adaptive management approach. These 
include an understanding of the spatial and temporal aspects, defining the appropriate scale of 
analysis and system boundaries, developing a water budget, risk management within a probabilistic 
approach, assessing likely changes in technology and recognizing the limits to our knowledge. In this 
context we have used as a basis the approach proposed by Ashraf et al. [13] to obtain a quantitative 
measure of sustainability of the groundwater system. This was augmented by observations on water 
quality. 

A description of the study site at Sop Rong and its traditional muang fai irrigation system is 
contained in the next section. This is followed in Section 3 by a discussion of materials and methods. 
Here the importance of the study site is explained, together with an outline of data collection 
procedures and the research methods. Then results, discussion and conclusions are contained in the 
final three sections.  

2. Study site 

For more than 700 years, agricultural communities in northern Thailand have used a communal 
irrigation system called muang fai1 [14]. This system developed from co-operation within families 
to co-operation at the village level and then on to co-operation between a number of village-level 

                                                             

1 Muang fai is a traditional structure of irrigation system in many areas of northern Thailand. It is commonly managed by villages or 

groups of rice farmers. The size of muang fai depends on the typography of the location. The method of irrigation is to use channels to 

direct surface water from rivers or streams on to small areas of farmland. It is a type of surface or border irrigation system.  
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user groups [15]. As a consequence, the knowledge of how to manage agricultural water, which 
emphasizes self-reliance and co-operation among muang fai members, is ingrained in local 
culture [14]. Over many years, the villagers discovered how to manage the water system effectively. 
The outcome was a set of rules of operation that enabled distribution of water to each individual farm 
taking into account the intricate way in which farms were physically linked. 

The study site, muang fai Sop Rong, is located in San Pa Thong district of Chiang Mai Province. 
It is on the west bank of the Ping River in northern Thailand, and supplies the twelve villages shown 
in Figure 1, Sai Mul, San Khok Chang, Mae Khong Tai, Mae Khong Krang, Rong Khut, Mae Khong 
Nua, Mae Ka, Pa Kuay,Mae Kung Noi, Dong Pa Sang, and Dong Khi Lek.At its nearest point, the 
study site is 18 km south-south-west of the city of Chiang Mai. The length of the main canal is 7.8 
km, and the system supplies 937 ha of farmland, largely used in paddy and longan production. Figure 
2 shows the permanent headwork structure [16]. 

 

Figure 1. The study site of muang fai Sop Rong irrigation system. 

Traditionally the headwork construction of the muang fai used locally found natural materials 
such as wood, logs and stones. Today, concrete construction, financed by government subsidy, has 
largely replaced these natural materials. During the planning phase of the muang fai construction, 
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various factors were considered. These included the gradient of the existing channel, the flow rate, 
seasonal variations in water depth, risk of flooding, and the water requirements of each farm in the 
system [17]. Figure 3 is a sketch showing the significant physical features. Water is diverted from a 
river, which is up to 20 metres wide, using weirs (fai) [18]. It then travels along major canals 
(muang), where a sluice gate (tae) is constructed to slow down the rate of flow and raise the level so 
that the water can be pumped on to cultivated areas [19]. 

 

Figure 2. The muang fai Sop Rong headwork area. 

As explained by Mungsunti and Parton [1], only when water becomes limited does the water 
management of the Sop Rong irrigation system (our study site) switch to a set rotation schedule. The 
tail end villages extract the water first then the right to extract moves along to the head end village. If 
the water is not limited then normally the water is supplied constantly for any farmer to use. The 
irrigation system is closed once each year, usually in April, for cleaning and maintenance. Each 
farmer contributes labour for upkeep of the canals and pays a nominal annual fee. Annual fees are 
collected to cover any maintenance expenses and pay the muang fai manager (kai-fai), who is always 
a male farmer, each village muang fai leader, and any muang fai administrative staff [20]. 

Each farmer member of the muang fai agrees to the rules and regulations of the system. On the 
rare occasions that the rules are violated, the monthly meeting of members hears the issue and 
decides on any penalty.Appendix B of Mungsunti and Parton [1] contains additional details on the 
rules governing the operation of the muang fai. 

An important consideration was that the study site consists of two distinct zones, characterised 
by topography and soils [22]. The area to the east, which accounts for about 83% of the total, is a 
component of the central alluvial channel. This is “dominated by the deposition of sand and gravel 
transported under high energy conditions by the Mae Nam Ping River. Wells in this area are 
relatively shallow (average depth about 50 m). In most cases adequate yields with low drawdown 
(high specific well capacities) have been reached within the top 30 m of the sediment” [22] (p. 191). 
Hence this is an area that would in general support further development using groundwater supplies. 
One restriction to this is that because of a lack of continuous cover of clayey/silty sediments, the area 
is vulnerable to groundwater pollution, and hence could be reaching critical limits in relation to 
Indicator 6.3.2 of SDG6, the proportion of the water body with good ambient water quality.  
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Figure 3. Design of a typical muang fai irrigation system. Source: [21]. 

The second area, to the west, comprising about 17% of the study region, is part of a zone of 
colluvial deposits. In this zone, there has been a relatively large lowering of the water table which 
“indicates that the recharge rate, especially in the deeper parts of the aquifer, is less than the 
abduction rate” [22] (p. 192).  

3. Materials and methods 

3.1 Significance of the study area 

The communal irrigation system of muang fai Sop Rong was chosen for this study because it 
has been established for many generations. Even with the concrete headwork structure just 
mentioned, it still traditionally preserves certain physical features constructed of locally-found 
natural materials similar to the earliest period and operates according to long-established rules [23]. 
Thus the irrigation management is independent of government and in the hands of locals. 

In the Sop Rong area there are both muang fai farmers and farmers who use the alternative 
method of pumping water from underground. The use of both technologies in the region was 
essential for our logistic analysis. Also, both groups of farmers are tending to use water for growing 
longan rather than paddy farming. 

The sample frame was all longan farmers located in the 12 villages of muang fai Sop Rong. This 
sample frame was divided into two groups: muang fai members (MF) and non-members who are 
engaged in pumping irrigation water from underground (UG). The population data (Table 2) required 
to establish the sample frame were obtained from the Chiang Mai provincial office. The sampling 
interviews were not pre-arranged and were conducted at the farmer’s house or elsewhere on the farm. 
The sampling continued until a minimum of 50% longan farmers had been interviewed, with a target of 
equal numbers of muang fai members and non-members. In total there were 929 longan farmers in the 
study region, of which 481 were surveyed, and of these 242 were muang fai members. 
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3.2 Survey instruments 

As a preliminary step to designing the questionnaire, a number of qualitative interviews and 
focus group discussions were conducted with farmers in the study region. Most took place at a 
farmer’s houses. The type of general information that was obtained included: area of different crops, 
quantity and costs of inputs, quantity of irrigation water used, availability of water, number of family 
members working on-farm and off-farm, and income from both agricultural and non-agricultural 
sources. Also discussed were any abnormal events during the previous season. 

Table 2. Sample and population by village and type of irrigation. 

 Village District Total Occupation Farmers Sample* 
 Name Name Pop Farm Non-Farm Longan Others MF UG 
1 San Pong Mae Ka 79 64 15 61 3 1 34 
2 Sai Mul Mae Ka 173 56 117 43 13 6 10 
3 San Khok Chang Mae Ka 185 82 103 65 17 10 13 
4 Mae Khong Tai Mae Ka 182 89 93 76 13 36 3 
5 Mae Khong Krang Mae Ka 121 70 51 70 0 51 2 
6 Rong Khut Mae Ka 157 122 35 108 14 9 55 
7 Mae Khone Nua Mae Ka 103 55 48 53 2 36 6 
8 Mae Ka Mae Ka 127 63 64 56 7 7 23 
9 Pa Kuay Mae Ka 103 76 27 74 2 40 1 
10 Mae Kung Noi Thung Tom 241 115 126 105 10 12 14 
11 Dong Pa Sang Ma Khun Wan 225 123 102 104 19 10 43 
12 Dong Khi Lek Ma Kham Luang 173 118 55 114 4 24 35 
  Total 1869 1033 836 929 104 242 239 

(* Sample of random longan farmers who were surveyed, MF and UG signify muang fai farmers and farmers 
who pump water from underground, respectively). Source: [24]. 

After designing the questionnaire, the survey was carried out through direct interviews at farm 
locations in the muang fai Sop Rong area during the months of March and April, 2011. Before 
commencing the survey, the survey team was located in the study area. To minimise the costs of 
travelling and have easy access to data sources when it was necessary, a house was rented for two 
months for 15 enumerators to live in. After the survey each day, the team leader would examine the 
quality and number of the questionnaires completed. They would evaluate the results of the survey to 
maintain consistency, then make a plan for the next day.  

By administering the questionnaire, information was collected on farm structure, land use, 
socio-demographic characteristics of the farm family, total family income and share from farming 
activities, reasons for adopting or not adopting muang fai, and farmers’ opinions on muang fai 
management and administration. It was considered important to be able to include in the model 
variables for age, gender, marital status, education level, farming experience, size of farmland, 
distance to the closest canal, and social influences from neighbours.  
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3.3 Research methods 

As described in Section 1, the earlier components of our work involved the use of logistic 
regression to explain the factors that affected the likelihood of farmers joining the muang fai, and 
propensity score matching to compare returns per hectare on muang fai farms and on farms pumping 
water from underground, and to compare water use on the two types of farms. The logistic model 
takes the form: 

 P(y = 1 | xi) = P(y = 1 | x1, x2, …, xk)      (1) 
This is a binary response model in which xi denotes a set of explanatory variables, and the 

dependent variable y denotes a muang fai participation indicator, which takes the value of 1 if 
participation occurs and value of 0 if participation does not occur. The xi contained various farm and 
farmer characteristics such as farm size, age, gender, marital status, level of education, and other 
factors that affect participation. The results of this part of the earlier analysis are shown in Table 3, in 
which column 2 is the estimated equation (1), with the dependent variable being probability of 
membership of the muang fai. 

The first part of the method of the current analysis was to use the estimated equation of Table 3 
and project forward the three exogenous variables, farm size, expenditure per capita (as a proxy for 
income) and distance to the nearest canal, while holding all other exogenous variables at their mean 
level. The objective was to discover how probability of membership of the muang fai was likely to 
change over the next 10 years, and thereby assess its sustainability. The method entailed the 
following three steps. First, estimates were obtained of the expected increases in farm income and 
area of longan crop per farm. Second, these were combined with the model of Table 3 to estimate the 
impact of these two changes in reducing the probability of muang fai membership. Third, the model 
was used again to estimate the required reduction in average distance to the nearest canal to offset the 
effects of the above changes in income and size of longan area. Then the minimum length of canal to 
obtain this reduction in distance was estimated, by modelling various alternative new canal 
investments. Hence, the analysis shows the minimum required investment in canal construction to 
overcome the underlying trends in income and farm size and hence maintain the membership of the 
muang fai system. 

Having considered the sustainability of the muang fai, the next part of the analysis was to 
examine the sustainability of the local groundwater system. When water is withdrawn from 
groundwater for irrigation rather than from surface water, “greater effects on the subsurface water 
balance are found, leading to significant depletion of groundwater in regions with low recharge rate 
and high groundwater exploitation rate” [25] (p. 957). In addition, in the location of our study, it has 
previously been shown that the muang fai members each withdraw between 4,200 and 5,635 m3/ha 
per year less than those using pumps to collect underground water [1]. These results indicate that the 
muang fai may have an impact on keeping the groundwater system balanced. Not only does it 
withdraw less water, but each cubic metre of water withdrawn may have lower impact on the 
groundwater system.  

A number of papers [5–8] clarify important issues when assessing groundwater sustainability, 
and they also provide some descriptive analysis of both sustainable and unsustainable groundwater 
systems. Quantitative methods to assist in measuring the impact on sustainability of changes like the 
shift from the muang fai to pumping irrigation water from underground are still being developed. For 
example, Gleeson et al. [6] move us closer to an operational approach. Their proposal involves the 
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three steps of setting mutigenerational goals of 50 to 100 years for water quality and quantity, 
backcasting from these goals to define the required shorter-term policies, and then implementation 
through adaptive management.  

Table 3. Estimation results of logistic model of muang fai participation. 

 Coefficient Standard error Marginal effect Standard error 
Farm characteristics (explanatory 
variables) 

    

Log of distance to closest canal (m) −0.293*** 0.083 −0.073 0.021 
Log of area of the main crops (rai) 1.693*** 0.406 0.423 0.101 
Squared of log area −0.474*** 0.140 −0.118 0.035 
Socio-economic characteristics     
Gender, 1=male 0=female 0.339 0.301 0.085 0.074 
Log of age 1.925** 0.760 0.481 0.190 
Marital status, 1=married 0=otherwise −0.461 0.355 −0.114 0.085 
Education     
Elementary −1.378* 0.793 −0.320 0.160 
Junior secondary −1.096 0.897 −0.256 0.181 
Senior secondary −1.031 0.884 −0.244 0.185 
University −1.083 0.938 −0.253 0.189 
Log of farming experience (years) −0.588*** 0.215 −0.147 0.054 
Log of expenditure per capita (baht/week) −0.377** 0.169 −0.094 0.042 
Off farm work days/week −0.031 0.044 −0.008 0.011 
Community characteristics     
Proportion of households in the village that 
are muang fai members (%) 

0.043*** 0.006 0.011 0.001 

Constant −4.831 3.429   
Log likelihood −260.42    
Likelihood ratio 123.73***    
Pseudo R-squared 0.1920    

Note: *** significant at 1%, ** significant at 5%, * significant at 10%. Source: [1]. 

The most straightforward method, and applied in a study geographically close to our own, is 
Koch et al. [26]. They accepted that there are many definitions of sustainable groundwater yield, but 
environmental and political constraints are important. This led them to a definition of sustainable 
yield based on Department of Groundwater Resources [27]. In the aquifers under consideration, this 
definition was “the maximum total pumping rate above the current pumping rate that ensures that the 
average piezometric head in each layer does not fall below a distance of 20 metres from the land 
surface in the next 20 years” [27] (p. 6). They then employed this constraint within a 3D 
groundwater flow model called MODFLOW. The outcome was an estimate of sustainable yield of 
1.30 m2/rai/day (7.80 m3/ha/day) for the Upper Chiang Rai aquifer system of northern Thailand. This 
method provides one component (the water budget) of the sustainability approach proposed by 
Maimone [7].  
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An alternative method is proposed by Ashraf et al. [13]. This is the method that has been 
applied in our case study at Sop Rong. It is based on Equation 2. 

 RT + Hin – ds/dt = DT +Hout = Fn (2) 
Where Hin and Hout are human return flows and withdrawals, respectively; RT is total recharge 

(from precipitation, surface water and adjacent aquifers); DT is total discharge from the aquifer (to 
surface water, adjacent aquifers and evapotranspiration); Fn is the net flux; and ds/dt is change in 
storage; with all units in m3/ha/day. These variables define the data requirements.  

Next, normalised human inflow and outflow can be obtained, as in Equations 3 and 4, 
respectively. 

 hin = Hin/Fn (3) 
 hout = Hout/Fn  (4) 
Where hin and hout are normalised human inflow and normalised human outflow, respectively. 
As shown in Figure 4, a system is natural-flow dominated if hout < 0.5 and hin < 0.5; surcharged 

if hout < 0.5 and hin > 0.5; human-flow dominated if hout > 0.5 and hin >0.5; and depleted if hout > 0.5 
and hin < 0.5.  

 

Figure 4. Matrix showing state of a groundwater system. Source: [13]. 

4. Results 

To assess the sustainability of the muang fai, estimates were needed of the two exogenous 
variables, increase in household expenditure and change in area of longan crop. The expected 
expenditure increase over the next 10 years was equated with an increase in farm GDP of about 1.1 
percent per annum between the fourth quarter of 2011 and third quarter of 2017 [28] compounded 
over 10 years. The outcome was an increase of 12.2 percent, which when inserted into the model of 
Table 3 resulted in a reduction of the probability of muang fai membership of 0.043.  



87 

AIMS Environmental Science  Volume 6, Issue 2, 77–93. 

The second exogenous variable was area of the main longan crop. In Thailand, production of 
longan fell slightly over the period from 2011 to 2016 on a roughly constant area [29]. Our 
interviews with farmers suggested that the area of longan in the study area was still increasing slowly. 
We used a value of 1% increase per annum for the analysis, which compounded over 10 years is 
about 10.5%. This resulted in a reduction of the probability of membership of the muang fai of 0.005 
when inserted into the model of Table 3. The low values of both of these changes (i.e., less that a 5% 
change in aggregate probability of membership over a ten-year period) is an indicator of the inherent 
stability of the muang fai system. 

Given that both of these changes resulted in a reduced probability of membership of the muang 
fai, the next step was to consider how membership probability could be sustained. One method is to 
construct additional canals so that distance to the nearest canal is reduced. Again, using the model of 
Table 3, it would require a reduction in distance of the nearest canal from an average of 57 metres to 
49 metres to achieve the required offsetting increase in probability of membership of the muang fai 
of 0.048 (i.e. 0.043+0.005). These results are presented in Table 4. 

The next step is to estimate the length of extra canal that would be required to reduce the 
average distance of the nearest canal by approximately 8 metres. The positioning of the extra canal 
sections is shown in Figure 5. This would require about an extra 860 metres of canal to be 
constructed.  

Table 4. Impact on the probability of muang fai membership of various changes in 
exogenous variables. 

Change Impact on probability of muang 
fai membership 

Expected increase in expenditure of 12.2% −0.043 
Expected increase in area of main longan crop −0.005 
Required reduction of average distance to nearest canal of 57 to 49 metres. +0.048 

With respect to assessing the contribution of the muang fai to the sustainability of the 
groundwater system of the region, the method is to estimate the normalised human inflow, hin, and 
normalised human outflow, hout, that would occur with and without the continuation of the muang fai 
irrigation system. In the without case, it is assumed that all the members of the muang fai switch to 
pumping irrigation water from underground. Hence the changes in the normalised inflows and 
outflows provide an estimate of the impact on groundwater sustainability.  

Using our own data augmented by Margane and Tatong [22] we estimated the different withdrawal 
rates, Hout, by farmers within the muang fai and farmers using irrigation water pumped from 
underground. The mean withdrawal rate by muang fai farmers was 2.43 m3/rai/day (14.59 m3/ha/day), 
whereas those using pumps withdrew 4.91 m3/rai/day (29.41 m3/ha/day). These are both higher than the 
1.30 m3/rai/day (7.80 m3/ha/day) for the Upper Chiang Rai system estimated by Koch et al. [26], but 
unlike our study, this was for an upland basin system. The annual aggregate quantity of water withdrawn 
from the Sop Rong system under the present irrigation structure is about 6.55 million cubic metres per 
year. This would increase to approximately 8.88 million cubic metres per year if all muang fai farms 
used underground water instead. Given that agricultural yields would be unchanged [1], this shows that 
the existence of the muang fai improves the SDG6 indicators of water use efficiency (Indicator 6.4.1) 
and freshwater withdrawal as a proportion of freshwater resources (Indicator 6.4.2).  
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Figure 5. Location of the new canal sections needed to sustain the membership of the 
muang fai at the current level. 

As noted in the section on the study site, the region consists of two distinct zones (east and 
west), characterised by topography and soils [22]. This meant that in the analysis that follows these 
two zones had to be assessed separately. The current state of the groundwater system can be 
described by estimating the initial normalised human inflow and initial normalised human outflow 
for the two areas of the study (eastern and western) at Sop Rong. This resulted in the initial points on 
the left-hand of each line shown in Figure 6. In both the eastern and western areas of our study site, 
the groundwater system is currently natural-flow dominated. As such it can be considered to be 
sustainable. Then by calculating the aggregate additional water that would be withdrawn by 
switching from the muang fai to entirely irrigation pumped from underground, together with linked 
subsequent effects, new estimates can be made of the normalised human inflow and normalised 
human outflow. These are shown by the right-hand ends of the two lines in Figure 6 (with arrows). In 
this way the lower of the two lines shows the transition as we move from the muang fai to 
underground irrigation for the eastern component of the study site, and the upper line the transition 
for the western component. In the case of the eastern component, the outcome is to remain 
natural-flow dominated, whereas the western area moves to become human-flow dominated. Hence, 
while both transitions result in a less sustainable outcome, the shift in the eastern area, which 
accounts for 83% of the total area, is marginal. In becoming human flow dominated, the western area 
is more concerning. However, the fact that the much larger eastern area remains natural-flow 
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dominated suggests that the overall impact on groundwater sustainability at Sop Rong of the 
transition away from the muang fai is small. 

 

Figure 6. Effects on the Sop Rong irrigation area of transition from muang fai into 
irrigation water pumped from underground. 

Of course these quantitative results focus on only one aspect of sustainability emphasised by 
Maimone [7], developing a water budget. Margane and Tatong [22] provided further qualitative data 
in terms of an assessment of groundwater vulnerability to the risk of contamination. This reveals that 
the Sop Rong area is medium to high risk and that “waste disposal and uncontrolled handling of 
potential contaminants should be avoided” [22] (p. 197). This especially applies to the more 
populated, eastern area adjacent to the Ping River. In summary, any transition away from muang fai 
irrigation towards irrigation based on pumping water from underground is only likely to directly 
affect the 17% of the area in the west of our study site, and even here the move would not be into a 
zone of depletion, but into a zone of human-flow domination. In the remainder of the study site, 
quantitative sustainability would be maintained by the high recharge rate. A qualitative issue would 
remain for the east of our study site because of the high groundwater vulnerability of the area in 
relation to the risk of contaminants. This would only be increased in a minor way by the transition 
away from the muang fai, but a cautious approach still needs to be taken whenever an existing risk of 
contaminants is increased. 

5. Discussion 

While we had made some progress previously in determining the factors that influence farmer’s 
decisions to participate in the muang fai irrigation system, additional work described in this paper 
was needed to assess the sustainability of this traditional irrigation system. Also it was considered 
important to analyse the contribution of the muang fai to the sustainability of the local groundwater 
system. This is particularly pertinent to improve water use efficiency and reduce water stress within 
Targets 6.3 and 6.4 of the UN’s SDG6 objectives.  

The research findings indicated that a farmer’s participation is inversely related to the farm’s 
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distance to the closest muang fai canal. Muang fai membership was also shown to be inversely 
related to a farmer’s economic status. A direct relationship was found between participation and 
proportion of villagers who were muang fai members. The relationship with size of farmland was 
found to be non-linear with participation probability first increasing with farm size, but then 
decreasing after some point.  

Overall these results point to both the reasons for persistence to the present day of the muang fai 
irrigation system, but also to a future that may challenge its sustainability. There is a tension between 
positive and negative influences on muang fai membership. Our earlier work observed that 
membership of the muang fai was concentrated in some villages of the study area and no other 
villages that had very similar socio-economic and demographic profiles and were similar distances 
from the muang fai canal [1]. This membership concentration seemed to be the influence of a social 
network of the type also observed by Ounvichit [4]. However, this positive influence of the social 
network of muang fai communities may be facing increasing pressure as farms become larger and 
farmers wealthier, because it is clear that the wealthiest farmers with main crop areas in excess of 
about 1 ha are tending to use irrigation water pumped from underground. As time proceeds, some 
farmers may become convinced that their interest is to transition to pumping water from 
underground. 

The analysis presented here indicates first that the above influences are slow moving and hence 
those factors are a small threat to the sustainability of the muang fai. Combined with Ounvichit’s [4] 
observation that the internal operation of the muang fai enables it to be resilient in the face of 
reduced water supplies, these results provide some assurance for the continuance of the muang fai 
system.  

A further result is that extending the canal system to encourage membership can overcome the 
negative influences on membership of increasing incomes and cultivation size. Government can fully 
or partially subsidise the investment in the new canals to make the muang fai water accessible. In 
such circumstances, an additional important element would be to educate farmers by demonstrating 
both the muang fai technology and the benefits of its outputs such as higher sales prices for the 
crops. 

The second area of the study investigated the influence of the muang fai Sop Rong on the 
sustainability of the local groundwater system. While the literature points to many components of 
sustainability [5–9], the focus here was largely on quantity of groundwater use relative to recharge. 
In this context, the muang fai Sop Rong has a positive impact by conserving water. However, only in 
a small area of the study site is the critical quantitative limit of groundwater being reached. The 
results suggest that overall the muang fai reduces withdrawals by about 2.33 million cubic metres per 
year compared with pumping irrigation water from underground. However, this contributes in only a 
minor way to the sustainability of the local groundwater system. If all farmers in the muang fai 
moved to pumping irrigation water from underground then only for 17% of the area would there be a 
switch from a natural-flow dominated system to a human-flow dominated one with consequent 
recharge challenges. The other 83% may continue to be vulnerable to various risks of groundwater 
contamination, but would remain natural-flow dominated. Hence, the contribution of the muang fai 
Sop Rong to the UN’s SDG6 indicators can be summarized as: (a) a small increase in the proportion 
of the body of water with good ambient water quality (Indicator 6.3.2); (b) an improvement in water 
use efficiency (Indicator 6.4.1); and a reduction in the level of freshwater removal as a proportion of 
freshwater resources (Indicator 6.4.2). 
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6. Conclusions 

Two main research questions were answered in this study. First, the muang fai Sop Rong was 
shown to be resilient to the external challenges facing it. Although there are various pressures that 
tend to work against the muang fai, such as the increasing average farm size, membership is 
changing slowly and the system is inherently stable. Even without government support, probability 
of membership is unlikely to fall by more than 5% over the next ten years. Second, the muang fai 
system in the area does conserve groundwater to make the Sop Rong watershed more sustainable. 
However, only in one small location, representing some 17% of the total area, is groundwater 
reaching critical quantitative limits where the system would switch from natural-flow dominated to 
human-flow dominated if the muang fai was replaced by underground pump irrigation. Nevertheless, 
the muang fai Sop Rong does contribute to the UN’s Sustainable Development Goal 6, in particular 
Indicators 6.3.2, 6.4.1 and 6.4.2. 

Finally, it must be acknowledged that there is an important limitation in the research presented 
here. While the focus has been on sustainability, we would be the first to admit that when assessing 
the sustainability of a system like muang fai there are many aspects, including cultural, economic, 
environmental and social. For example, the muang fai is a social institution that carries with it 
important aspects of cultural heritage. These have not been considered in our assessment, which has 
focused mainly on environmental issues. We must leave for future research the challenges of 
considering and balancing these other different types of impacts. 
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