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ABSTRACT 

 

Resilience is an essential and highly desired characteristic of a social-ecological system‟s 

ability to adapt and adjust to various stresses and shocks that cause disruption. As social 

and ecological systems are intertwined and continually experiencing changes and 

disturbances, a major challenge appears revolving around the ways in which this resilience 

can be built and investigated. Social-ecological resilience can be defined as the amount of 

stress or disturbance that a particular system can tolerate, while still maintaining the same 

functions and identity. This paper uses social-ecological resilience concepts as a research 

framework, and examines three main themes that allow for the building of water 

management resilience to occur. These themes include learning to live with change, 

nurturing the ability to adapt/adjust to changes, and also on creating opportunities for self-

organization. Two ethnic minority villages in Northern Thailand were chosen as research 

sites, in which the village water management practices were studied within a specific time 

period. Varying degrees of quantity and quality water issues within both villages have 

brought about stress and disturbances within their water management practices and 

increased the need to deal with these problems. Research was conducted at a community 

scale and resilience analysis pertains only to this specific level. Through the utilization of 

focus groups and interviews, qualitative data was collected and analyzed within a SE 

resilience context. This paper sets out to explore how social-ecological resilience has been 

built or not, and to what degree this has occurred within these two villages water 

management practices. The analysis indicates how complex and interconnected the social 

and ecological systems are and how the water management practices of these two 

communities play a role in this complex, dynamic process. Conclusions drawn are not 

limited to these two communities, but can be applied to the wider Northern Thailand 

region. 

 

 

 

Key Words: Social-ecological resilience, water management practices, Northern Thailand, 

ethnic minorities, self-organization, adaptation  
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1. Introduction 

 

Within the rapidly expanding area concerning holistic ecosystems processes, the 

framework of social-ecological (SE) resilience and its perspectives are being applied for 

further understanding of these complex and multifaceted systems. As mankind and nature 

are intertwined with each other, it is important that these two subject matters are 

investigated and analyzed together, and not seen as separate entities that causally collide 

with each other. There are few, if any, natural ecosystems left on earth that have not been 

influenced by the largely human dominated world in which we live (Rockström, 2003), 

and the relationship between these two system is of importance and relevant for research. It 

is often forwarded that resilience of both social and ecological system is a highly desirable 

and sought after characteristic (Gunderson and Holling, 2002; Folke, 2006), although 

certain aspects of resilience can also be undesirable (Walker, 2004; Gallopin, 2006). SE 

resilience, as defined by Berkes (2003a) is the combination of three main aspects; 1. The 

amount of change the system can undergo and still retain the same controls on function and 

structure, or still be in the same state, within the same domain of attraction, 2. The degree 

to which the system is capable of self organization, and 3. The ability to build and increase 

the capacity for learning and adaptation. Changes can appear in various forms observed 

throughout systems and are usually caused by stresses and shocks, or both. A stress is 

normally a slowly increasing pressure on a system and can occur from either inside 

(Gallopin, 2006) or outside (Langridge et al., 2006) the system within normal variability. 

Shocks or perturbations are classified as major spikes in pressure outside of the normal 

variability area (Turner et al., 2003) and occur unexpectedly. A basin or domain of 

attraction is at the very core of the SE resilience and defines the boundaries in state space, 

where a particular system tends to remain (Walker et al., 2004). Basins can collapse or 

change shape and size, or stronger attractors can pull a system into a completely new basin.  

 It is possible to apply the SE resilience concepts to particular systems within our 

world, which can be further investigated and examined in regards to how resilience is built 

or not, and to what degree this is occurring. However, Cumming et al. (2005) point out the 

difficulties of using this multifaceted concept, in that it is hard to operationalize and 

measure, while Adger (2000) forwards that many different empirical factors influence the 

resilience of a system, and no one single factor can capture a system‟s holistic resilience. 

Walker et al (2004) point out that no system can be fully understood by analyzing it at one 

scale, due to multiple layers and groups interacting with each other at the same time and 

the panarchy theory (Gunderson and Holling, 2002) further explores these complexities.  

In spite of these complications, SE resilience can still be applied at whatever scale one 

chooses, from a small community setting to the entire earth and to smaller scales within 

that scale as well (Gallopin, 2006).   

 Carpenter et al (2001) advocates that two main questions should be asked and 

answered when implementing the concept of SE resilience; “resilience of what to what? –

that is, over what time period and at what scale” (p. 779). This paper is concerned with SE 

resilience at a community scale, and will seek to investigate the resilience of only one 

small aspect, namely water management practices. Two different ethnic minority 

communities located in the northern Thai province of Chiang Rai will be analysed. 

Carpenter‟s second question concerning time, is also in line with Langridge‟s views that 
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examining the history of a community is critical to SE resilience research (2006). The 

villages were studied within specific time periods which set particular boundaries for the 

resilience concept to be applied and analyzed within.  

The SE resilience that will be explored are the water management practices over 

the last 41 years in Huai San Village and 33 years in Huai Lu Village. By placing these 

water practices within a historical boundary, it will then become possible to further 

evaluate the building of SE resilience, or lack thereof. It is the intention of this paper to 

make use of the SE resilience concept as an analytical tool to broaden the understanding of 

community water management practices. Within these two villages, both quality and 

quantity water problems arise to varying degrees, affecting residents. As water shortages 

appear, both villages must search for new water sources, in order to secure access, while at 

the same time manage the community water in an appropriate manner. These problems are 

further interconnected with wider political and market issues, which unfortunately due to 

the community level scale, will not be covered in this paper. These two villages are not 

alone in their water issues and this research can be further applied to the wider region of 

Northern Thailand where thousands of ethnic minority communities are located and use 

similar water management practices. It is intended that a greater understanding of water 

issues and SE resilience can be forwarded.   

 After the presentation of the paper‟s main research questions, an explanation of site 

selection, research methods used, relevant background information, and a deeper 

theoretical review, as well as the historical data of both villages will be made known in 

greater detail. An analysis of both villages will seek to intertwine the physical dimension 

with the theoretical, followed by conclusions and a final summary. References and relevant 

appendixes including maps, interview guides, and rainfall data comprise the final section. 

2. Research Question 

 

Based on the concept of social-ecological resilience and the interconnectedness of these 

two systems, this paper will seek to investigate the building of social-ecological resilience, 

or lack thereof, within the water management practices of two ethnic minority villages. 

Huai San Akha Village and Huai Lu Lahu Village are situated in Northern Thailand and 

have been selected for this study. Water quantity and quality issues affect the villages to 

varying degrees, as different water stresses and disturbances have materialized and 

influence the water management practices and policies. This paper will aim to identify how 

this social-ecological resilience was successfully or unsuccessfully built within the village 

scale. Three specific themes have been chosen to provide deeper insight and analysis into 

the resilience framework. The first theme will focus on how the villages have been 

learning to live with change. The second will centre on nurturing the ability to adapt/adjust 

to changes, while the third will concentrate on creating opportunities for self-organization. 

These three aspects are essential elements of SE resilience and can sub-sequentially be 

applied when exploring the potential SE resilience of each village. These themes will be 

incorporated and intertwined with the water management practices of both villages and the 

current water issues that they are both experiencing.  
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3. Site Selection 

 

The world is changing at an incredible speed on many different levels and scales 

economically, politically, socially and environmentally (McNeill, 2000). Thailand is 

certainly not immune to these changes, as all citizens, including various minority groups 

have been affected. In the past, these groups of people have primarily lived subsistence 

lives in remote, mountainous villages, maintaining distinct rich cultural heritages. Due to 

various reasons, these ethnic minority villages have undergone tremendous amounts of 

change within a very short time period, resulting in various stresses and shocks to their SE 

system. 

 The last official Thai minority population numbers presented a total of 914,755 

ethnic persons living in Thailand (Tribal Population, 2002). A total of 172,724 or 18.88 % 

live in the province of Chiang Rai, where this study was conducted (See Appendix 1). Out 

of the nine major groups of ethnic minorities, the Akha make up 7.2% of the total 

population, while the Lahu make up 11.19 %. However, within the province of Chiang Rai 

live 86.52 % of Thailand‟s total Akha population and 47.82% of Thailand‟s total Lahu 

population (See Appendix 10). No other provinces have bigger Akha or Lahu populations 

than Chiang Rai, and this was one major reason why these two ethnic groups were chosen. 

Another two villages, one Lahu and one Karen were initially visited and observed, before 

making the decision to proceed without them. On a practical, logistical level, both villages 

were accessible by truck and were both situated within 30-40 km of Chiang Rai, where the 

researcher was based. 

 The village of Huai San is the Akha village, and past contacts previously 

established allowed for easier access and respect within the village. The village of Huai Lu 

is the Lahu village and contacts with an NGO assisted in being granted access to and 

cooperation with the village (See Appendix 4 for specific village locations). The village 

headmen in both villages, speaking on behalf of the villagers invited and accepted both the 

researcher as well as the intended research work. Acknowledgement of water problems and 

a desire to solve them enabled full co-operation and access to the villages. Both villages 

are heavily dependent on water resources for their livelihoods, and have both undergone 

vast amounts of change, both on a general village, and on a water level. The two villages 

are both suffering from water issues, although the natures of the issues vary.   

4. Methods Used 

 

Qualitative and quantitative methods were employed for data collection and analysis, 

which focused primarily on the community level, although specific governmental agencies 

were used to acquire watershed maps and rainfall data. Village observation was initially 

used to obtain a general view of the current water situation. Several observation visits were 

made to both villages in which initial communication with the headman and villagers 

occurred, while digital pictures captured more physical aspects. This initial stage allowed 

for trust and respect to be established before the initial interview stage (Kvale, 1996), as 

well as gaining „a feel‟ for the specific village and culture (Silverman, 2004). Observations 

were unstructured, which allowed for flexibility within a natural setting (Sarantakos, 2005) 

as both villages were open and transparent to the intended research.   
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 Participatory research methods were then initiated through two different processes. 

First one focus group was held in both villages in which historical overview data was 

collected.  Focus groups ranged from five to nine persons, and included both male and 

female participants contributing to varying degrees. Focus groups were chosen to allow for 

group discussion to take place and confirmation to be immediately presented. This was 

especially important and useful due to the historical subject matter, requiring memory and 

recall. All participants were informed about the content and nature of the research project 

and full verbal consent was given concerning the use of names and information provided.    

 After the initial focus groups, six personal interviews were held in both villages.  

Interviews were arranged randomly and sought to extract information through open ended 

questions. Interviews included both individual persons as well as two married couples. 

Potential female respondents were asked to participate in the interview process, but due to 

cultural reasons, it was not acceptable to interview them in a one-to-one situation and all 

declined the interview invitation. Kvale states the usefulness of interviews in that they “are 

particularly suited for studying people‟s understanding of the meanings in their lived 

world, describing their experiences and self-understanding, and clarifying and elaborating 

their own perspective on their lived world” (1996, p. 105). In both villages, interviews 

allowed persons to describe their interaction with water and water understanding within 

their lived worlds. Once again, all respondents were informed in regards to the content of 

the research project, and full verbal consent was provided. Watershed area maps for both 

villages, as well as research findings were presented to both villages near the end of the 

research period.  

Both focus groups and interviews were conducted through the use of translators. In 

Huai San, an Akha-English translation was provided, while in Huai Lu, a Lahu-English 

translation was used. Thai was not used as a third language. The use of translators can be 

viewed as the main weakness of this research paper‟s data collection methods. 

Miscommunication, translator influence and interpretation of questions, as well as 

language differences all affected the interviews to varying degrees, although caution was 

taken in regards to these apparent issues.  

Silverman‟s (2006) four main ethical principles were followed, which include: 

“ensuring that people participate voluntarily, making people‟s comments and behavior 

confidential, protecting people from harm, [and] ensuring mutual trust between researcher 

and people studied” (p. 323). It is believed that research conducted was a benefit to both 

villages (Kvale, 1996) concerning their water management practices, knowledge and 

possible solutions. It is hoped that villagers will have a better understanding in relation to 

their own SE resilience concerning water management issues. All focus groups and 

interviews were recorded with the use of a Sony mini-disc recorder, and later transcribed 

and stored. Focus group and interview guides can be viewed in Appendix 13 and 14.  

Qualitative content analysis was conducted using transcriptions of primary research 

material. Krippendorff defines this method as a “research technique for making replicable 

and valid inferences from data to their context” (1980, p 21). Primary data used came from 

transcribed focus groups and interviews. Transcripts were obtained from first hand 

interviews and focus groups and were based on the following five components (resources, 

access, capacity, use and environment), which make up the water poverty index. Secondary 

data was collected from forestry, watershed and meteorological governmental departments. 

The research question was divided into three main themes, or „codes‟, which allowed data 
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analysis to be performed within the context of the documents and their contents. This is in 

line with Robson (2002) who forwards that using themes to define the recording unit of 

measure is an acceptable method within content analysis. As data was collected and slotted 

into the different themes, further analysis within each theme could be accomplished, 

categorized appropriately and conclusions drawn.  

 Quantitative data was gathered from four different locations. Watershed area maps 

were acquired from the Ban Pong Sa Lee Forestry Department (Ba Mai Ket), Mae Yao 

Forestry Department, as well as the Chiang Rai Forestry Office Watershed Division in 

Chiang Rai city. Rainfall data was received from the Thai Meteorological Department, 

located at the Chiang Rai International Airport, station number 48303.  

5. Background Information 

5.1 Country of Thailand 

 

Thailand is located in Southeast Asia, and is part of the Indochina peninsula, bordered by 

Laos, Burma, Cambodia, and Malaysia. The total land mass is 514,000 sq km, with 2,230 

sq km in the form of water (The World Factbook, 2007). The current population of 

Thailand is listed as 65,068,149 (ibid). On average, Thailand receives  1700 mm of rain 

per year countrywide, and the total volume of water from rainfall in all of the river basins 

is estimated at 800,000 million m3. From this total 600,000 million m3 is lost to 

evaporation, evapotranspiration and infiltration, while the remaining 200,000 million m3 

can be considered as runoff flows in rivers and streams (Sethaputra et al., 2001). Thailand 

has been divided into 25 main watershed areas, which can be seen in Appendix 3. In early 

water supply management policies, starting with the First National Economic and Social 

Development Plan (1962-1966), Thailand started building dams and other water 

infrastructure. Since then, eight other national plans have been drafted and water issues 

have shifted from a supply focus to a demand focus. The national water vision is as 

follows:  

 
“By the year 2025, Thailand will have sufficient water of good quality for all users through efficient 

management and an organizational and legal system that will ensure equitable and sustainable use of 

water resources, with due consideration for the quality of life and the participation of all 

stakeholders” (ibid). 

 

The field research for this paper took place in the Mae Nam Kok watershed area, (see 

Appendix 3) which has a total area of 10,870 sq km, of which 7,895 sq km lies within Thai 

borders (ibid). The watershed is located within the two Thai provinces of Chiang Mai and 

Chiang Rai.  

5.2 Ethnic Minority Groups within Thailand 

 

There are nine main minority groups in Thailand, as well as other smaller groups. These 

nine main groups include the Karen, Hmong, Lahu, Lisu, Mien, Akha, Lua, H‟tin, and 

Khamu, and make up 1.4% of Thailand‟s total population (Tribal Population, 2002). All of 

the minority groups have distinct cultures and languages, having immigrated to Thailand 

from surrounding countries. They mostly came from south-west and south-central China, 
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and over time started moving southwards, first settling in Burma and Laos, before moving 

into Thailand (Appendix 2)(Lewis, 1984). In the past, minority groups lived quite isolated 

within their communities, growing crops, raising livestock and living quite self-sufficient 

lives. Cultural distinctness can be observed in languages, clothes, traditions, houses, as 

well as village locations, etc. Over time, and with increased economic development, many 

of these communities became more connected to the lower lying Thai towns and cities, 

both on an economic and a developmental basis. Many of the hill tribe people still lack 

Thai citizenship, and due to the location of villages within national parks, land, houses and 

fields cannot be owned and issues over this insecure land tenure arise (Rerkasem, 2003).   

 In terms of water use, many hill tribe communities use simple but effective gravity 

fed systems, connecting PVC pipes to water sources to gain access. Concrete storage tanks 

of varying sizes dot villages and surrounding hillsides. Although water resources are an 

important aspect of village life, villages do not retain any water rights. However, within the 

1997 Constitution of the Kingdom of Thailand under section 46, it clearly outlines the 

natural resource policy for hill tribe communities; 

 
“Persons so assembling as to be a traditional community shall have the right to conserve or restore 

their customs, local knowledge, arts or good culture of their community and of the nation and 

participate in the management, maintenance, preservation and exploitation of natural resources and 

the environment in a balanced fashion and persistently as provided by law”. 

 

Despite this resource goal, research conducted by Heyd and Neef (2004) indicated that 

little government involvement and action is actually seen within ethnic minority villages, 

and active participation in natural resource management is not clearly evident. As a result, 

many villages are left to fend for themselves, either by obtaining grants from NGOs, or 

raising money themselves. Village locations within national parks also add to the 

complexity of who has control over natural resources, as many different governmental 

ministries have varying degrees of power (Water Management System Is All Wet, 2007).  

5.2.1 The Akha People Group 

 

The Akha (or Kaw in Thai) is the fourth largest minority group in Thailand, with a total 

population of 65,826 (Tribal Populations, 2002) and live primarily in the provinces of 

Chiang Rai and Chiang Mai. There are three different groups of Akha in Thailand, the 

Phami, Loimi and U-lo and they can be identified by their distinctive clothing styles, 

especially the women‟s headdress. Their language is part of the Tibeto-Burmese family 

and is still widely spoken within the communities. The Akha have no written history, but 

they rather have a rich heritage of legends, stories, and myths which are transferred orally. 

The Akha are also able to recite the names of all of their ancestors, back to the „beginning‟ 

or the first Akha man (Lewis, 1984). Due to a fear of spirits that dwell in water, traditional 

Akha villages are usually located at high elevations, on steep mountainsides away from 

water sources. Village gates are set up to create a barrier between the human and spirit 

worlds, and a large Akha New Year‟s swing is a characteristic Akha symbol. The Akha 

have been influenced by varying outside forces, primarily Christian missionaries, who 

played a large role in producing a written Akha script, and who also encouraged them to 

take more educational opportunities. Electricity, roads, and increasing technology have 
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also caused major changes over the last few decades, and the „Akha Way‟ or their distinct 

social structure that dictates how they live, has been coming under tremendous pressure.    

5.2.2 The Lahu People Group 

 

The Lahu (or Mussur in Thai) is the third largest minority group in Thailand, with a total 

population of 102,080 (Tribal Populations, 2002), and they live primarily in the provinces 

of Chiang Rai, Chiang Mai and Tak. There are two main different sub-groups: the black 

Lahu and the yellow Lahu, which together make up 97% of the Thai-Lahu population. 

Within these two groups, the black Lahu has another three sub-groups, while the yellow 

Lahu have two groups. A few more different groups comprise of the final 3% (Lewis, 

1984). Different languages and dialects appear between the different groups, who typically 

do not live in the same villages. There is a strong desire for blessing among the Lahu, and 

this can be seen in the term that they call themselves, „bon ya‟ or children of blessing 

(ibid). The Lahu also have distinct clothing, house building styles, as well as traditional 

rituals, and celebrations. They also prefer village sites at high elevations, although there are 

many villages today which are lower. Unlike the Akha, they do not fear water spirits, and 

villages can be located close to rivers or streams. The Lahu have also experienced rapid 

economic and social changes over the last few decades, including the introduction of 

electricity, road systems, formal schooling, monetary systems, and new technology.     

6. Theoretical Overview 

 

In basic terms, the world in which we find ourselves living is very complex; a mixture of 

social systems and processes that are interacting with ecological systems and processes 

simultaneously. As both systems intertwine with each other on different scales, problems 

and issues arise that need to be dealt with, solved, or improved. Furthermore, the world 

today is becoming more dominated by human-centered systems, processes and activities, 

while ecological changes are occurring at an increasingly higher rate (Berkes et al., 2003). 

Due to this dynamic world, comprised of both social and ecological systems, it is basically 

impossible to ever assume that any system will remain unchanged forever, or that policies 

can be put in place that hinder change from occurring. Social and ecological systems 

should not be placed on linear planes and assumed to function within a certain domain of 

probability. Contrarily, systems are non-linear entities which are constantly evolving, 

changing and surprising on different scales and speeds. Into this complex, non-linear 

system, the concept of social-ecological resilience seeks to act as a framework, guiding 

thoughts and ideas towards stability and sustainability (Berkes, 1998). Folke et al. (2003a 

p.354) state that “the challenge is to anticipate change and shape it for sustainability in a 

manner that does not lead to a loss of future options” and they go on to imply that resilient 

social-ecological systems that are capable of absorbing and dealing with change and 

uncertainty are heading in the right sustainable direction.   

6.1 Definitions of Resilience 

 

Resilience has been defined by two main groups throughout ecological literature and 

analysis. The first definition revolves around „engineering resilience’, which assumes that 
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ecological systems are already near a stable state and resilience of that system depends on 

the quickness of the return time to equilibrium following a perturbation or disturbance 

(Pimm, 1984 and 1991). This train of thought is also reflected in dictionary definitions as 

Merriam-Webster points out that resilience is “1: the capability of a strained body to 

recover its size and shape after deformation caused especially by compressive stress, 2: an 

ability to recover from or adjust easily to misfortune or change” (2006). These definitions 

focus on the speed of return of a system that has fallen out of equilibrium and exhibits the 

desire to return to a stable linear state.   

 In contrast, the definition of „ecological resilience’ is anything but a stable or linear 

state, and concentrates more on the ability of a system to stay within the same basin of 

attraction. Already in 1973, Holling emphasized this new thought pattern and stated that 

“resilience determines the persistence of relationships within a system and is a measure of 

the ability of these systems to absorb changes of state variables, driving variables and 

parameters, and still persist” (p.17). The social aspect of resilience was incorporated into 

the thinking process and the idea of social-ecological resilience arose as a way to explain 

this system inter-connectiveness. Adger (2000, p.347) defines social resilience as “the 

ability of groups or communities to cope with external stresses and disturbances as a result 

of social, political and environmental change”. Moberg‟s (2005, p.3) definition is also 

socially focused as he states that “social resilience is a measure of a community‟s ability to 

cope with change without losing its core functions as a community, including its economic 

and management possibilities”. Holling‟s (1996) refined definition asserts that “resilience 

is the ability of a system to absorb change and variation without flipping into a different 

state where the variables and processes controlling structure and behavior suddenly 

change” (p.32). Walker et al. (2004) assert that “resilience is the capacity of a system to 

absorb disturbance and reorganize while undergoing change so as to still retain essentially 

the same function, structure, identity, and feedbacks”, while Folke (2006) declares that 

resilience is “the amount of disturbance a system can take before its control shift to another 

set of variables and relationships that dominate another stability region” (p.254). However, 

one of the most comprehensive definitions of social-ecological resilience is forwarded by 

Berkes et al. (2003). It is a combination of three main aspects: 

 “The amount of change the system can undergo and still retain the same controls on 

function and structure, or still be in the same state, within the same domain of 

attraction; 

 The ability to build and increase the capacity for learning and adaptation; and 

 The degree to which the system is capable of self organization” (ibid, p.13). 

 

A clear difference in thought and perspective appears when comparing these two 

definitions of resilience. Where engineering resilience assumes a stable, linear state and its 

return to equilibrium, social-ecological resilience assumes an unstable, non-linear and 

complex system and focuses on that system remaining in the same basin of attraction, 

while maintaining function and structure.     

6.2 Basins of Attraction 

 

At the very core of the SE resilience theory lies the concept of attractors and basins of 

attraction, which SE systems can remain in or „flip‟ to another basin after crossing a 
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threshold. Walker et al. (2004) defines basin of attractions as “region[s] in state space in 

which the system tends to remain”, where state space is identified by the different variables 

that form that particular system, and an attractor is seen as the equilibrium state. The 

attractor can also be seen as the position where the system would tend to move and remain, 

if there was no strong turbulence or stress (Gallopin, 2006).  However, due to complexities 

within the world, these basins of attraction are unstable entities that are continuously 

affected by stresses and/or shocks. Therefore, SE systems should not be viewed as simply 

moving towards an attractor in the hope of finding a stable equilibrium, but rather as 

roaming around within a particular basin of attraction without crossing the „stability 

landscape‟ or boundary of that basin (Walker et al., 2004). It should be noted that stability 

landscapes are also not stable entities, but are changing and adapting due to both external 

and internal pressures. These different pressures can lead to numerous changes such as the 

number of basins of attraction in a certain area, changes in the actual position of the system 

within the basin, as well as changes in the depth of the basin (ibid). Basins of attraction can 

be either positive or negative. A basin of attraction might not be a basin that the system 

should be in, or that people think they should remain. A heavily polluted system is one 

such example. In this case, it would be advantageous to try and cross the threshold into 

another basin of attraction, where more favorable characteristics exist. However, if there is 

high SE resilience in these systems, it will prove difficult to cross the threshold. Another 

aspect that needs to be factored in revolves around „scales‟. Situations where change is 

needed on a larger scale might encounter strong resilience on smaller scales or vice versa. 

In these cases, the issue of SE resilience crosses scales and the interplay becomes more 

complex and complicated. 

6.3 Stresses, Shocks and Surprises 

 

In the process of defining and interacting with the SE resilience framework, many different 

terms arise as specific elements that are affecting the system in some form, indicating what 

the system is actually trying to absorb or buffer. Changes within systems can often appear 

in the form of stresses, shocks, or surprises. According to Turner et al. (2003) a “stress is a 

continuous or slowly increasing pressure, commonly within the range of normal 

variability”, whereas a shock or “perturbation is a major spike in pressure beyond the 

normal range of variability in which the system operates”. Carpenter (2003) forwards that 

surprises should be viewed as a rule and not only as exceptions, while Folke (2006) 

indicates that uncertainty and surprise are simply part of the game and persons need to be 

prepared for them and learn to live with them.  Berkes et al. (1998 p.6) defines surprise by 

saying that it “denotes the condition when perceived reality departs qualitatively from 

expectation”, while Turner et al. (2003) observes that surprises cannot be anticipated as 

they depart from what was expected from actors or systems. Berkes (2003) places surprises 

into three different types ranging from local surprise, cross-scale surprise and true novelty 

and also brings up a special type of surprise which he labels an ecological crisis, involving 

an unambiguous failure of policy. Since all of these terms can be continuously interacting 

and affecting the complex systems that mankind lives in, they can be viewed as forces that 

enable matters to occur within the system, both positively and negatively.  
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6.4 Building and Increasing the Capacity for Learning and Adaptation 

 

The second aspect of Berkes et al. (2003) resilience definition focuses on the potential to 

build and increase the capacity to learn and adapt, and departs from traditional command 

and control patterns of management. Folke (2003b, p.2031) forwards that this more social 

approach strives to “learn, build and store knowledge and understanding” regarding system 

processes “that support flexible organizations and institutions and adaptive management 

processes in a manner that enhances resilience of social-ecological systems”. Folke (2006) 

continues to stress the importance of building knowledge and learning capabilities into a 

society, especially within the arenas of institutions and organizations with the goal to 

increase resilience. The social memory of people, which is the long term understanding of 

environmental processes and dynamics and embedded into the deeper values of their 

society, is a very important aspect of building resilience (Berkes et al., 2003). Local or 

traditional knowledge is another opportunity for learning and knowledge that can be shared 

and passed through generations. Novelty, or the ability to create, invent and adapt is 

another essential and very useful tool for building resilience. It is hoped that through the 

process of building and increasing the capacity for learning and adaptation, that systems 

will be more prepared, ready and knowledgeable in being able to absorb or buffer changes 

so as to remain in the same desirable basin of attraction. 

6.5 Self Organization 

 

Simplistically speaking, all social and ecological systems have the possibility and capacity 

to self-organize themselves within a system on some level. The most common way of 

human self organization is through the establishment of institutions and according to 

Berkes (1998 p.430) “there exists a co-evolutionary relationship between local institutions 

and the ecosystems in which they are located”. Folke (2006) suggests that adaptive 

processes that are interconnected with a system‟s capacity to deal with disturbances 

materialize from the self organization of a given system, and that systems are heavily 

dependent on self-organizing capabilities after disturbances or shocks. The memory of a 

system is of vital importance for the ability to self-organize (Berkes et al., 2003). The 

leadership capacity of a system‟s institutions is another key aspect of the ability to self-

organize and absorb change or disturbances. Folke (2003b) emphasizes this leadership 

aspect and states that “the key roles of leaders and stewards in social-ecological systems 

have to be stressed.  Leaders and stewards provide vision, sense making, and build trust” 

while serving as “key players in institution building, organizational change and social 

networks” (p.2032). Trust and other positive human characteristics also play major roles in 

institutional strength and effectiveness (Adjibolosoo, 1995). 

6.6 Building Resilience 

 

Folke (2003a) provides four main points of how to build resilience within a social-

ecological system. The first point deals with learning to live with change and uncertainty, 

the second revolves around nurturing diversity for reorganization and renewal, the third 

considers different types of knowledge for learning, while the fourth relates to creating 

opportunities for self-organization.  
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 The ever changing world in which all of mankind resides is full of disturbances and 

surprises, within both social and ecological systems, on varying levels and scales. As these 

two systems interact with each other, it is becoming essential to view them as one system. 

The concepts of social-ecological resilience provide an analytical framework to view the 

interconnectedness of these two systems, as one whole, not two different parts.  

6.7 Water Management Overview 

 

Water is a precious resource that is needed for life on earth, the only planet that contains 

water.  Falkenmark describes water as the “bloodstream of our biosphere” (1999, p.10) and 

forwards that mankind is at its mercy. With such an important and essential resource, it is 

of absolute value that proper management be taken to ensure that water quantity and 

quality are maintained. Unfortunately, necessary management of water supplies is not 

always carried out to its full potential and pollution, over use or mismanagement occurs. 

The water cycle is a complicated system that includes bodies of water, the landscape, the 

atmosphere, and mankind, each playing specific roles of varying degrees (ibid). Varying 

cycles can take place on different scales from the global water cycle, to regional ones, and 

mankind‟s influence on these scales can differ accordingly.   

 When looking at the management of water systems, the watershed, or hydrological 

basin is used as the base unit of any study. In simple terms, a watershed area can be 

defined as the geographic region of land in which all the water in that area drains out of 

one specific point. Naturally, water at higher elevations drains downwards, and likewise 

activities that influence water at higher elevations will affect areas downstream. Both 

ecological and social systems can be found in a watershed area, and these two systems 

should not be viewed as separate systems, but instead as an intertwined system. Within this 

system, different aspects of water can be analyzed to further the understanding of how 

water is managed.  The Water Poverty Index uses five different components to view water 

issues and concerns.  These include water resources, access, capacity, use and environment 

(Water Poverty Index, p.2). All five of these water aspects are important to water 

management practices within a watershed area. As can be seen by these five water aspects, 

both social and ecological systems are involved and have major roles.  

7. Historical Overview of the Water in Huai San 

7.1 Overview of Village Demographics 

 

Name of Village:  Huai San Village (The San Stream Village), Established 1966 

Ethnicity:  100 % Akha  

Location of Village:  O-Bo-Daw Sub-District, Mae Lao District, Chiang Rai 

Province, Thailand (approx. 40 km SE of Chiang Rai City) (See Appendix 4) 

Number of Households:  1966: 5 families 2007:  90 families 

Population of Village: 1966: 25-30 people 2007: Over 300 people 
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7.2 Village Water Resources 

7.2.1 Drinking Water Sources 

 

The first drinking water source, from 1966-1974 was located approximately 100m below 

the current village site. This source consisted of a small stream where women went to 

collect water in small gourds and carried it back. The second drinking water source (A) 

(Appendix 8) was located around half a km away. This source was used from 1974-1982, 

and bamboo pipes transported water to a point closer to the village using gravity. In 1982 

the drinking water source was moved again to a location around 3-4 kms away. This is the 

main drinking water source (B) that is still used today. This system is also gravity fed, uses 

2-3” plastic PVC pipes and stores water in 3 concrete tanks, containing  20,000 l together. 

Another source was added to service the west side of the village, and this source (C) is also 

around 3-4 km away. It should also be noted that 4 out of 90 families buy bottled water 

from the city. They started buying water in 2002, and must drive to Chiang Rai in order to 

purchase the water (20 l cost 10 baht/0.30 $US). 

7.2.2 Irrigation Water Sources 

 

The village did not have an irrigation water source until 1997 and this source is located   

3-4 kms away. This system is gravity fed, with plastic 2-3” PVC pipes connecting the 

village to the source. Water is collected and stored in nine concrete tanks, with a total 

combined capacity of 100,000 l. There are also eight families that have personal irrigation 

sources of varying quantity and quality. Personal water sources are obtained simply by 

connecting pipes to the water source, and individuals must cover all financial costs. 

7.2.3 Ownership of Water Sources 

 

All of the water sources are communally owned, as villagers do not have official land or 

water titles, nor any legal rights over natural resources. The location of the village along 

with its fields is within the Lam Nam Kok National Park (see Appendix 5). The village is 

completely under the jurisdiction of the Thai National Government, and the Ministry of 

Forestry is primarily responsible for controlling land use. Government contact is primarily 

carried out through the sub-district forestry official, as there are no water officials within 

the Thai government system. 

7.2.4 Issues with Water Sources 

 

The first drinking water source was changed due to low water quantity, as the population 

was increasing and also because the location was below the village. The second drinking 

water source was switched due to low water quality, as it was very rusty and dirty. Today, 

all three of the drinking water sources have different problems. Drinking water source (A) 

is very rusty and only supplies water for two families on the east side of the village. The 

main source (B) has pollution issues, especially during the rainy season, when chemicals 

are washed into the source from the above fields, belonging to both Mae Mon Lisu and 

Mae Mon Akha villages (Appendix 8). The last source (C) has quantity issues, especially 
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during the dry season. The village is in the process of changing this source, and has already 

found a new source to replace it while trying to secure necessary funding.    

7.3 The Village Water System 

7.3.1 Village Drinking Water System 

 

The first village drinking water system comprised only of bamboo containers and gourds, 

as women collected water for consumption and other household uses. Likewise, the second 

system increased the convenience of collecting water, as they now had a bamboo pipe 

system which transported water closer to the village. This water system was developed and 

constructed by the Akha villagers themselves. In 1982, with the help and support of 

Overseas Missionary Fellowship (OMF) missionaries, a larger water system was built 

which included three concrete water tanks of  3000 l each that were located on the east 

side of the village. Personal houses were not yet connected to the water system, and the 

concrete tanks stored water for future use. In 1995, the drinking water system was 

upgraded to its current state, with an additional three concrete tanks containing around 

20,000 l together. The three „OMF tanks‟ were transformed into personal water tanks. This 

upgrade was supported financially by a NGO called The Akha Medical Clinic and cost  

100,000 baht ($3,000 US), with the village providing necessary labor. Three main drinking 

water lines were dug into, or laid on top of the ground, and service different parts of the 

village. From these three main water lines, water is stored in various storage tanks before 

servicing all personal houses.  

7.3.2 Village Irrigation Water System 

 

Up until 1997, there was no irrigation water system within the village. With support from 

the Thai government, nine concrete tanks with the capacity to hold  100,000 l of water 

were built. The irrigation water system is divided into three main lines that service 

different sections of the village. The eight families that have personal irrigation water 

sources are free to use as much water as their sources yield, but are also responsible for all 

financial costs of installation and maintenance. 

7.3.3 Other Water System Points of Interest 

 

The village has never used any sort of mechanical or electrical equipment to obtain or 

distribute water. There are no wells of any sort in the village, nor are any pumps used.  

There are no dams within the village „boundaries‟ and the closest dam is four kms away, 

downstream and is of no benefit to the village. Five families in the village have fish ponds 

which also act as irrigation water storage facilities. There are no methods of roof water 

collection throughout the village. It appears that the village once tried to collect rainwater 

from the roof of a church building, but this system is no longer functioning.   
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7.4 Village Water Committees 

7.4.1 Drinking Water Committee 

 

The drinking water committee was established in 1990 with ten male members. Members 

are selected at general meetings and there is no specific time period of how long members 

can remain in their positions. The main goals of the drinking water committee are the 

maintenance and management of the drinking water system within the village. They are 

also responsible for communication with government officials, or with other villages that 

are influencing water supplies. Other responsibilities include holding drinking water 

meetings and dealing with all problems, issues, and complaints from villagers concerning 

the state of their drinking water. They also have to deal with persons who break village 

water rules and regulations. The committee has a small maintenance budget to work with, 

as they collect 10 baht (0.30 $US) per year from every family. The drinking water 

committee has a future plan of setting up a water metering system that would measure the 

amount of water used per family and charge a set rate. Monies raised would be used 

towards the protection of the watershed area. The group would also like to build another 

large concrete storage tank to collect and store more drinking water.   

7.4.2 Irrigation Water Committee 

 

The irrigation water committee was established in 2003 with two women and eleven male 

members. Members are selected by the villagers at village meetings. The main goals of the 

irrigation water committee are the maintenance and management of the irrigation water 

system. They are also responsible for communication with government officials, or with 

other villages that are impacting water supplies. Other responsibilities include holding 

irrigation water meetings within the village and dealing with all the problems, issues, and 

complaints from villagers, including dealing with persons who break village water rules 

and regulations. When new families move into the village, they have to pay a one time 

connection fee of 2,000 baht (60 $US) to the committee. The irrigation committee does not 

have any major plans or goals for the future, as they believe that they have enough water 

for their needs, and the village should concentrate more on the shortage of drinking water 

than irrigation water.  

7.5 Village Water Usage 

7.5.1 Drinking and Household/Domestic Water Usage 

 

In the past, drinking water was unlimited, but of course women had to fetch water by hand. 

When the second source (A) came to the village, the water supply was still unlimited. 

Today, only the main drinking water source (B) is rationed, while (A and C) are not, but 

they also do not service so many households. Starting with the installation of the upgraded 

drinking water system in 1995, the village also started rationing drinking water throughout 

the dry season months of January to May. All three water lines are only open once in the 

morning from around 6-8:30 am and once in the evening from 17-19:30, or until the tanks 

are empty. During the other months, the lines are always open and there is sufficient 
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drinking water. The main uses of household water include washing clothes and dishes, 

preparing food, bathing oneself and flushing the squatter toilets. Villagers estimate that 

they use more household water today than in the past when they had to carry water.   

7.5.2 Agricultural Water Usage 

 

The main use of water for agriculture is for crop irrigation.  The villagers estimate that out 

of the 2000-3000 rai (320-480 hectares) of village fields, 1000 rai (160 hectares) requires 

irrigation. Irrigation water comes from the nine large concrete tanks that all the villagers 

share together. After completion in 1997, they also started rationing the water during the 

dry season months of January to May. The three different irrigation lines are opened on 

alternating days throughout these months. Eight families within the village have their own 

personal irrigation water sources that they have connected pipes to and use. Lychee, a 

small, round, red, fleshy like fruit is the main crop irrigated, along with the small vegetable 

gardens that most families grow near their homes. Villagers estimated that 25 lychee trees 

can be planted in one rai of land, so there are approximately 25,000 lychee trees that use 

irrigation water. Lychee fruit is harvested in early May, so it is critical that they receive 

large quantities of water throughout the dry season months. According to the lychee 

farmers, they try to water each tree for one hour per day, but they did not know if this is 

sufficient or not. They do know that the amount of water a tree receives affects the size and 

quality of the fruit. They would gladly use more irrigation water during the dry months if 

more water was available. They started using irrigation ten years ago, when the nine large 

tanks were built and the system installed. Irrigation is done primarily through the use of 

sprinklers or a hand held hose. Most sprinklers have a diameter of around 3-4 meters and 

irrigate several trees at the same time, although one farmer has smaller 1 m diameter 

sprinklers around every tree. Some farmers have also built storage tanks in their fields, or 

use a fishpond to store water. Hoses are simply connected to a water tap and the hose is left 

running at the tree base, when the ground has been dug out to prevent excessive runoff.  

Villagers used to grow rice, corn and sesame and did not use any irrigation 

methods, besides rainfall. Today they grow lychee, oranges, and other types of fruit, along 

with corn and rice. In the past, the main goal of their crops was just to feed their families, 

while today, they only keep enough rice and vegetables for the year, and sell everything 

else in the markets. It should also be noted that there is currently no more available land for 

agricultural use, since the village is located within a National Park and it is not permissible 

to cut down more forests to create new fields.   

7.5.3 Livestock Water Usage 

 

Both in the past and today, villagers raised cows, water buffalos, pigs and chickens, and 

they have always had sufficient water for their livestock needs. 

7.5.4 Industrial/Commercial Water Usage 

 

There are no major industries within the village, and the few minor industries such as 

basket weaving do not require a lot of water.   
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7.6 Water Conflicts within the Village 

 

The most common conflicts over water revolve around prohibited over-usage. According 

to village residents, the first water conflict occurred around 2002, and more and more 

disputes have occurred since then. Most of the water issues occur during the hot, dry 

season months when shortages appear. Since the village is quite small, news of water 

misuse spread quickly and the water committee tries to deal with the problem as quickly as 

possible. The water committees use a very strong threat that anyone abusing the water in 

the village unlawfully will be completely shut off from the village water system. To date, 

this threat has never been carried out.  

 Huai San Village also has water issues with the upstream villages of Mae Mon Lisu 

and Mae Mon Akha. These villages are located above all three of their drinking water 

sources, as well as their irrigation water source. Villagers think that these villages are 

cutting down too many trees to create new fields, and using too many agricultural 

chemicals which are directly polluting their drinking water sources. Although the village 

headman, as well as members of the two water committees have gone to these villages and 

discussed the issues with them, little progress has been made to reduce chemical use. The 

village also does not have any power or influence over the land, since it is all government 

land. They have also discussed these problems with the local Thai government, but to date 

have not received much support over these matters.   

7.7 Major Environmental Water Stresses 

 

Almost every year, the Huai San river floods, but since the village is higher than the river, 

it does not affect the village or their crops. The village has never experienced a drought, 

although they have lost a number of forest water sources over time.  In 1975, a large fire 

swept through and burned down the entire village, and the village has experienced two 

major fires since then that have caused considerable damage. Currently they have a fire 

control line that they maintain twice a year and the village was also spread out more to 

help restrict fire damage.   

 In terms of water borne diseases, villagers are still affected by typhoid, cholera, and 

other parasites that cause diarrhea, much like they have been affected by these same 

diseases in the past. They do not know what illnesses, if any, are caused by the increased 

chemicals in the water.     

8. Three resilience themes in Huai San Village  

8.1 Learning to Live with Change within Huai San Village 

8.1.1 General Village Changes 

 

Since the village was established in 1966, it has been witness to various major and minor 

changes. All six of the respondents agreed that changes had taken place within their village 

at different levels and to varying degrees. Most of the more drastic changes took place after 

1996, the year in which both electricity and a major paved road were installed. Both of 

these changes allowed for the quick movement of both people and goods, bringing new 



 23 

products and technology, as well as organizations to the village. The largest changes were 

the introduction of electricity and running water, the road and vehicle use, increased use of 

chemicals, and increased farming which caused considerable deforestation within the 

watershed area. However, on a more holistic aspect, a lychee farmer describes the changes 

in this manner: “Electric and road, and the way of the building the house…that is you can 

see. And the thing that you cannot see is the people‟s minds, they also change. Many 

things, like love one another getting less…like helping each other also changing. The 

family relationship also changing. And we are learning a lot of culture from down, from 

Thai society” (personal communication). Another aspect of change revolves around the 

issue of the monetary system.  In the past, bartering for goods and services was normal 

even within the Thai markets, while today the Thai baht is required. As can be seen from 

the responses, the changes that are occurring throughout Huai San Village are not only on 

the physical level, but also take place on mental and emotional levels as well.   

8.1.2 Water System Changes 

 

As clearly outlined in section 7, the water system within Huai San Village has undergone 

sweeping changes over the last 41 years. All of the informants thought that this new water 

system within the village was much better and much more convenient than previous 

systems. However, many of them had slightly more negative thoughts and concerns as 

well. Partly due to a major increase in village population, and also because of a loss of 

water sources and polluted water sources, all of the respondents forwarded that the village 

had less water, both drinking/household water as well as irrigation water. When asked to 

prioritize their water uses, all six agreed that drinking water came first, then household 

uses, and thirdly irrigation water.  More and more, water sources throughout the watershed 

area that villagers have used for decades are running dry and disappearing. Throughout the 

rainy season, water quantity is not a problem, but the water quality remains poor.  

The changes in the village water system have certainly not come without a financial 

cost. The lowest amount of money that an informant put into his/her personal water system 

was between 200-300 baht (6-10 $US). Several others had spent several thousand baht (50-

100 $US), while one person (his family) had spent 60,000 baht (2,000 $US). Only this last 

person had upgraded his irrigation system and installed new water saving sprinklers around 

his lychee trees. One couple indicated that they would like to improve their field irrigation 

system and build a storage tank. However, they stated that without sufficient and reliable 

water to fill it, it would not be much use for them in the long run. The issue of money and 

being able to purchase the necessary materials also appears. The „rich‟ can afford to buy 

pipes and connect to personal water sources, build new tanks, or buy better sprinklers, 

while the „poor‟ are stuck with what they have and have few options of improving.   

When inquiring about water quantity, five of six respondents indicated that they 

thought the village did not have enough water for their needs. The one person who thought 

that they did have enough water also pointed out that he could certainly use more water if 

it was available. Four of the six interviewed stated that they thought their water sources 

were not secure, as the watershed area was deteriorating and sources running dry. One 

simply stated that he had no hope. Out of the two that thought the sources were secure, one 

thought that the water issue was not such a serious problem yet, but would become a 

problem within the next four to five years, while the other thought that out of the three 
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different drinking water sources that bring water into the village, two of the lines were 

insecure, while the biggest and most important line was secure. As demand for water 

increases with higher population and increased use within the village, the dry season 

months simply cannot keep up, and combined with the drying up of water sources the 

situation is not encouraging.  As one respondent simply said: “the water is not something 

that we can trust or hope in.  It is unreliable” (personal communication).   

Many of the informants also emphasized the role that deforestation around water 

sources within the watershed area was having on the quantity and quality of water. Due to 

an increase of population, more farmers are clearing land in order to plant additional crops. 

As a result, forests are disappearing and chemical use is increasing. Four of the older 

people interviewed clearly expressed that the lack of water was directly related to the 

decrease of trees and judged that planting more trees would increase water quantity. 

Chemicals are also affecting the health of villagers more. One man pointed out a two liter 

bottle of water in his bag and explained that he could no longer simply go out to work in 

his fields or go hunting without bringing bottled drinking water along. Before when they 

went out to work or hunt, one could just drink from any stream or water source without 

fear of getting sick. However, now there are so many chemicals in the streams that he 

refuses to drink from any of them. Another village elder mentioned that the people that go 

hunting and drink the water from the forest streams are the ones that get sick the most. In 

spite of this quality concern, the village has no filtering system in place, although the idea 

has been brought up and discussed.        

Since the village has no wells or pumps of any kind for water retrieval, they rely 

completely on rainfall for their needs. When asked about changing rainfall patterns, all 

respondents believed that there was less rain, and fewer rainy days. Many of them thought 

that the rainy season took longer to arrive. However, upon analyzing rainfall data from 

Chiang Rai International Airport from 1951-2006, little indication could be seen to support 

these rainfall views (Appendix 11). One trend that appears occurs within the years 1986 – 

2006. When comparing the average of these years to the total average, a difference of -

86.94 mm appears (1741.73 and 1654.79). However, an opposite trend is evident when 

analyzing the averages for the total number of rainfall days, as the average for these 21 

years was 2 days higher (136-134) than the total average. When looking at monthly totals 

for the dry summer months for these 21 years, it appears that there is only a somewhat 

significant difference in the total monthly rainfall for June (Appendix 12), with a lower 

total average of 27.31mm. Total rainfall averages are also lower in both May and July, but 

only by 5.99 mm and 7.13 mm respectively. In all of the other categories, the averages for 

these 21 years are in fact higher. Although this is a very simple overview of rainfall 

patterns, and it is not the intention of this paper to delve deeper into this issue, it is of 

interest that the thoughts of the villagers concerning this issue do not line up with official 

rainfall data.   

8.1.3 Adaptation and Adjustment to Changes 

 

Although the villagers are adjusting to the general changes discussed above in various 

ways, this section will only focus on adjustments within the water sector affecting the 

villagers.   
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On a wider village scale, the village started to ration water in 1995, in order to 

control the quantity used, as mentioned in section 7.5.1 and 7.5.2. One man interviewed 

said that if they don‟t ration, the nine large irrigation tanks which contain  100,000 l of 

water would be gone in half a day. Still, the villagers would like to irrigate their crops and 

fruit trees much more if they could. The village also has two water committees that were 

set up to help deal with water issues and problems (see section 7.4), and the villagers count 

on this group to accomplish this task.  

On a more personal level, many of the respondents indicated that they are now 

more careful with how they utilize drinking and irrigation water. Many of them use large 

containers that they put under the taps so that less water runs away. They no longer turn on 

the water and let it run while they wash dishes, clothes or take a bath. One man stated that 

he no longer uses water in whatever way he wants to, like he did in the past. He cannot use 

water for his personal convenience, but must obey the rationing rules set by the water 

committee. One couple was less optimistic and simply stated that they could do nothing by 

themselves. Instead, when the people with water knowledge come to help the village, they 

will do whatever they are told. Two of the respondents had built small water tanks in order 

to collect and store water for future use and the village headman indicated that every 

family should do the same. With irrigation, some people said that instead of using sprinkler 

with a wide radius, they use only a hose and water each fruit tree personally. In this way, 

the water is only distributed close to the intended tree and not on open ground. One man 

stated that he gathers leaves around the base of all his fruit trees in order to help against 

water evaporation. Another point of interest revolves around preventive problem solving 

measures. Of the six interviewed, three of them acknowledged that they primarily deal 

with water problems only after the problem has occurred, and once it happened they try to 

fix it. The other three indicated that they are trying to deal with issues before they happen, 

but in some cases, it is very hard to know what to expect.   

8.1.4 Future Thoughts  

 

In regards to the future water situation in Huai San Village, all of the respondents stated 

that they will not have enough water for their household and irrigation water needs. All of 

them mentioned that water sources were running dry, and that the quality of the drinking 

water was already decreasing, due to high chemical use in the watershed. These issues will 

continue to get worse as „illegal‟ field sizes increase and populations grow and that life 

will be harder with less water, both domestically and agriculturally. One person 

interviewed stated directly that there will be a „water war‟ and that he had already seen 

„mini wars‟ taking place where more than one family had connected to the same stream. 

Many of the respondents also feel that forests need to be protected and more trees need to 

be planted in order to retain and increase water sources. However, one man highlighted the 

logistical problem of this in that they have no power to stop people in other villages from 

destroying the forests. Since the villages are all in a national forest, no one has title to the 

land and as a result, no village has authority over another. Also if they go and plant trees, 

some people will remove the trees to plant crops, or they will burn in the yearly burning 

season. There is also discontentment with the lack of governmental enforcement of forest 

regulations.  
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When asked what they would do if they did not have enough water for their needs, 

many of the respondents were somewhat at a loss. One person did not know what he would 

do at all, while another simply answered that he would pray to God. Three other 

respondents said that they would be forced to walk to the dam, approximately four kms 

away, and gather water in containers. The village headman thought that more and more 

people would have to start buying drinking water from town, as many villagers have 

nowhere to move. If they found themselves in a case of emergency, they could contact the 

local Thai government and request a water truck, but there would be no guarantees of its 

arrival. However, if they lacked irrigation water, they would have no choice but to simply 

let their crops grow without water. Since many farmers in Huai San grow various fruit 

trees, they are very dependent on water for high quality crops. Others would like to 

increase the size of their fields or plant more vegetables for eating and selling, but they are 

worried about the lack of water and see no point in planting more if there are not sufficient 

water supplies.   

Many of the respondents knew where other possible water sources were that they 

could use or connect pipes to. However, the main hindrance was that many of the sources 

are quite far away, up to ten kms, making them financially impossible to access. They also 

worry that even if they do connect to these sources, the water quality and quantity may 

soon change, and their investments would not be worth anything. The village headman 

believes that most water sources are drying up and becoming unreliable so quickly that 

soon there will not be many left to use. The headman expressed that they should focus 

more on protecting the sources they have now, rather than always looking for new ones.  

8.2 Nurturing the ability to adapt/adjust to change 

8.2.1 Water knowledge within the village 

 

Huai San village is filled with inhabitants who have vast amounts of indigenous and 

traditional water knowledge that is kept and stored within their minds. Throughout the 

interviews, all but two respondents stated that they had extensive water knowledge of the 

watershed in which they live, hunt, and plant crops. One of the persons who stated that he 

did not have much water knowledge was the village headman who lives in Chiang Rai. In 

actual terms of the indigenous knowledge, the four people who stated they had knowledge 

all knew where the village water sources and other potential water sources were situated. 

They also knew which water sources ran out in the dry season, and which water sources 

used to be reliable and have become unreliable. The four respondents could identify which 

water sources were contaminated or unsafe for drinking and that have made people sick.   

Of the six people interviewed, only one younger man had studied in a formal 

school setting, while the other interviewees had never received any type of formal 

education. Only two respondents were literate in Thai and the others had very limited Thai 

skills. Water knowledge was primary gained through many years of experience, walking 

throughout the watershed area, planting, hunting or other explorative missions.   

In terms of passing on this water knowledge to the next generation, five of the six 

interviewed responded that they are passing their water knowledge to the next generation. 

Knowledge is transferred orally, while the younger generation is out walking around the 

watershed area with the older people. While passing water sources, the elders transfer what 

knowledge they have about the source. One couple also stated that they tell their children 
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that the village has to protect the watershed area, and not to cut down any trees or use 

chemicals. However, despite this knowledge being passed on, many of the interviewed 

believe that valuable water knowledge will be lost in the coming years. There are various 

reasons for this. First of all, an increasing trend of youths leaving the village for education 

and work opportunities in the Thai cities can be observed, and youth are not spending the 

same amount of time in the forest with knowledge holders. A significant percentage of 

these youth never come back to live in the village. Youth that live in the village are more 

interested in watching TV, or simply going into town on their motorbikes. Furthermore, 

one man told a story about how a group of young persons bought water pipes and wanted 

to connect to a new water source. He went to the group and told them that the source 

would run out in the dry season. The group of youth did not believe him and connected to 

the source, only to see the man‟s prediction come true in due time. „Now they know‟ was 

the older man‟s conclusion. However, without these valuable experiences, the younger 

generations‟ water knowledge base will become stunted and shrink.  

Compounding on this lack of experience is also a lack of written material and 

maps. No one in the village has ever written down any water knowledge of any sort, nor 

has any map ever been drawn. Although government maps of the watershed are available, 

the village did not have one. Everyone agreed that it would be good and useful to have 

water information written down and maps drawn, but one major obstacle of accomplishing 

this is that four of the six respondents were illiterate, a trend which is common throughout 

the older generation. The people who have the skills to write and draw are the youth, who 

in turn do not spend so much time in the village, nor possess necessary water knowledge. 

Water research is another issue that is not so common throughout the village. Only 

the village headman can remember one time when a group of students from Chiang Mai 

University came to the village to test the quality of water in the Huai San River, but not 

their drinking water sources. All of the respondents agreed that more water research would 

be good and necessary, and would like to see more organizations from the outside come in 

to help them increase their water knowledge. The areas where they would like to see more 

research done varied from everything in the watershed area, to drinking water sources, 

chemical use, the impact of deforestation as well as protection of the watershed area.     

8.2.2 The role of village institutions and water knowledge 

 

The two main institutions dealing with water in the village are the drinking water and 

irrigation water committees. The drinking water committee was established in 1982 and is 

much older, important and more respected than the irrigation water committee which was 

founded in 2004. Along with the village headman, five of the six respondents indicated 

that it was the water committees that brought up the majority of new ideas and new water 

projects for the village to work on. These committees were also counted on to take a large 

part of the responsibility in learning more about water issues and solutions.   

The water committees do hold meetings throughout the year, but the exact number 

of meetings held varied. Two respondents stated that they have one to two meetings a year, 

one stated 6 times a year, while the remaining respondents simply stated that meetings 

were held „quite often‟ especially during the dry season. During these meetings, they 

usually cover the same general topics and issues which concern the following three areas:  

1. how the villagers are using and taking care of water, 2. How secure/reliable are the 
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water sources and the quantity of water, and 3. How to save and protect the watershed, 

including deforestation and the effects of chemicals. Two of the respondents argued that 

there should be more meetings in order to have more time to discuss water issues.  Besides 

having the meetings, the water committees are also responsible for more practical aspects, 

such as fixing all the water equipment, and investigating water problems. They also have 

to maintain the fire control lines that protect the village. Respondents felt that it was 

important for the water committee to physically show them how to do things with water, in 

order for their learning to increase. Responses indicated that learning had generally 

increased among those interviewed. However, when asked what the committees do to help 

prepare the village and the villagers for the future, four of the respondents simply stated 

that they do not do anything and that they do not feel that the committees help them to 

prepare for the future in any way, nor do they feel prepared for future water issues. The 

other two respondents thought that it was the responsibility of the water committees to 

seek out new sources and to plan and think ahead, but they gave no indication of whether 

or not they thought the committees were actually doing this. Even the village headman 

stated that the water committees “don‟t do anything concerning the water situation in 10-

15 years” (personal communication). He would also like the village water committees to 

go on field trips in order to stimulate more water ideas and increase their knowledge, but to 

date, this had never been done. 

8.3 Creating Opportunities for Self-Organization 

8.3.1 Formal Aspects of Self-Organization within the Village 

 

Throughout the village, there are five different committees as well as a kindergarten 

school. Many other smaller groups also exist. The five committees are the overall village 

committee, the drinking water committee, the irrigation water committee, the community 

forest committee, and the village health committee. All of these committees have different 

members which are selected by the village members and have varying responsibilities 

within their respected areas of work.  

8.3.2 Informal Aspects of Self-Organization within the Village 

 

There are also many forms of informal self-organization within the village. The most 

common is labor exchange, which occurs in various forms such as building houses or 

planting and harvesting each others crops. Other forms of co-operation within the village 

include working on the fire control lines, protecting the watershed area, or just general 

cleaning of the village. They also help one another in preparations for large village events 

such as weddings, funerals, and special Akha traditions such as the Akha New Year.   

 In terms of helping with water related issues, the village has worked together in 

providing the labor needed to install all the pipes when connecting to the different water 

sources, laying all the pipes within the village itself, as well as helping to build the 

concrete water tanks. They also work together to maintain the village water system, which 

includes cleaning out tanks and pipes so that they do not get plugged or dirty. Some of the 

families that have personal water sources also share their water with other families that are 
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in need of more water. Families that are on different irrigation water lines within the 

village also tend to share water with those in need, but are connected to a different line.   

8.3.3 The Degree of Village Unity and Compliance of Regulations 

 

All six of the respondents expressed that the village was united and could work together in 

order to solve various problems and issues. Everyone also seemed comfortable bringing 

water problems and issues to the water committees or the headman. The headman 

mentioned that he had no shortage of water complaints from villagers on a daily basis.  

However, two men also mentioned that not everyone in the village complies with the water 

rules and regulations that are in place. Sometimes, people use precious drinking water to 

irrigate their vegetable gardens, while other people use water during the night so that they 

are not seen. According to these two men, these issues should be dealt with by the water 

committees who have the authority over these specific matters.   

9. Historical Overview of the Water in Huai Lu 

9.1 Overview of Village Demographics 

 

9.2 Village Water Resources 

9.2.1 Drinking Water Sources 

 

The first drinking water source, from 1974-1980 was a small stream, about a five minute 

walk from the village location. Villagers made bamboo pipes to bring the water a little bit 

away from the stream and then daily collected water in bamboo containers and small 

gourds. The second source, 1980 to present, is located  two kms from the village. The 

system is gravity fed and uses 2” plastic PVC pipe. This source services both the villages‟ 

drinking, household, and irrigation water needs. Huai Lu village is the only village 

currently using this specific water resource, even though they are downstream and other 

villages are located upstream. No one in the village purchases bottled water from the city.   

9.2.2 Irrigation Water Sources 

 

As mentioned in the previous section, the village uses the same source for village irrigation 

needs which primarily focuses on growing small personal vegetable gardens around 

Name of Village: Huai Lu Village (The Broken Stream Village), Established 1974 

Ethnicity: 100 % Black Lahu 

Location of Village:  Mae Yao Sub-District, Muang District, Chiang Rai Province,  

Thailand.  (approx. 40 km NE of Chiang Rai City) (See Appendix 4) 

Number of Households:   1974: 14 families    1980: 60 families 2007: 86 families 

Population of Village:      1974:  50 people   1980:  240 people  2007: 377 people
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homes. Their other main source of irrigation water comes from the Huai Lu River 

(Appendix 9). Since their primary crop is paddy rice, they block off and divert the water 

for their needs. They use a gravity fed canal system to accomplish this task. They start to 

plant rice near the end of May, well into the yearly rainy season, when there is sufficient 

water flowing in the river. Paddy rice is harvested only once a year. 

9.2.3 Ownership of Water Sources 

 

Both the drinking water source and the Huai Lu River are communally owned, as no one in 

the village has official land or water titles, nor do they have any legal rights to any natural 

resources. The location of the village and all its fields are completely within the Lam Nam 

Kok National Park (Appendix 5), hence the village is under the jurisdiction of the Thai 

National Government, with the Ministry of Forestry being primarily responsible.  Although 

the land and water is legally owned by the Thai government, the village has unlimited 

access to the water, and according to the villagers the Thai government has never tried to 

interfere or influence the ways in which they utilize water.   

9.2.4 Issues with Water Sources 

 

The main issue with the one village water source is an insufficient quantity of water year 

round, and especially during the dry season months of January to May. Due to a high and 

growing population, the water needs of the village are greater than the supply. A new water 

source must be found and connected to. Besides this point, the villagers alleged that the 

quality of their water is good, although it had never been tested, and they did not think 

there were any issues surrounding the use of chemicals in the watershed area.   

9.3 The Village Water System 

9.3.1 Village Drinking Water System 

 

In 1974, when the village was founded, villagers walked to the water source that was five 

minutes away and collected water. The system they have today was built in 1980 and has 

never been upgraded. There are four concrete storage tanks that are located at the highest 

point above the village, each with the capacity to hold approximately 8,000-9,000 l.  From 

two of these tanks there is one outlet pipe that services one part of the village, with the 

water transferring into smaller concrete tanks, before connecting to personal houses. From 

the other two tanks, there are two outlet pipes that service another bigger part of the 

village. There are another two concrete tanks, both around 5,500 l that act as overflow 

tanks, as well as a few smaller tanks scattered throughout this side of the village. From 

these smaller tanks, individual houses are then connected with 1” plastic PVC piping.    

The water system was partially funded by a few different organizations. Two of the 

four largest concrete tanks were funded by the Thai government and two were funded by a 

Lahu Baptist organization. The remainder of the water system was funded by a NGO from 

Chiang Mai which the villagers had forgot the name of. The NGO paid for half of the costs 

while the villagers paid the other half. Each villager had to pay 150 baht per family (  4.50 
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$US), and there was sixty families in the village at that time. The villagers also supplied 

the necessary labor for the installation of the system. 

In the past, water was not rationed in any way. However, in 1980, after rapid 

population growth, they implemented a rationing system. This is accomplished by only 

opening the four large 8-9,000 liter water tanks from 5-9 in the morning and 17-20 in the 

evening. The village rations water year round, despite changes in rainfall and water access. 

9.3.2 Village Irrigation Water System 

 

The village drinking water system which was described above is the same system that is 

used for the irrigation of the small vegetable gardens that exist within the village 

boundaries. The other irrigation water system is the canal like system that the village uses 

when they block off and divert water to flood their paddy fields. This system is dependent 

on gravity and having stepped paddy fields, so that once one field has a certain level of 

water in it, the water continues to the next field which is a little lower, and so on. This 

system was not funded by any organization, but was completely developed and built by the 

farmers in Huai Lu. There are also two farmers who grow fruit and have connected to their 

own water source for irrigation. Their system uses a fish pond to collect water initially, 

before going into a concrete storage tank, and then distributed to the tree/s.   

9.3.3 Other Water System Points of Interest 

 

The village has never used any sort of mechanical or electrical equipment to obtain or 

distribute water. There are no wells of any sort in the village, nor are any pumps used. 

They do dam the river to divert water for rice production. There are no methods of roof 

water collection throughout the village. 

9.4 Village Water Committee 

 

There is one village water committee that is responsible for the complete management of 

all water systems and it was established in 1980, the year the system was installed. The 

committee consists of nine male members who are voted in at a village meeting. There is 

no specific time period set for their tenure. The main responsibilities of the water 

committee are to maintain the water system and to find new water sources when needed. 

Other responsibilities include holding meetings and dealing with all water problems, 

issues, and complaints from villagers. Overseeing the connection of new families to the 

water system also falls within their domain. A new family is required to pay for all the 

pipes and fittings that are needed to connect to the system. The committee should also 

communicate with surrounding villages, the Thai government and other organizations 

concerning water related projects or issues. Village water meetings are held in which they 

discuss and attempt to solve water related issues. Any major water decision must be 

accepted 100% by the village before moving ahead with the plans. There is no water 

committee budget and villagers do not have to pay for the water they use. However, there 

is one staff member who is responsible for opening and closing the water valves everyday, 

and every villager has to provide him with twenty liters of rice per year.   
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 Concerning future plans, the main issue that must be dealt with is finding and 

connecting to a new water source, which will provide the village with an adequate supply. 

The water committee has already found a new water source, located  four kms away that 

they are confident in. Currently, no other village is using this source so they would have 

sole access to it. The one major obstacle is obtaining the necessary funding to buy supplies, 

and do not know when funds will arrive. If the finances were available, the village would 

connect immediately, as more water is needed and would allow villagers to irrigate their 

gardens more. Those interviewed were also still concerned about the population increasing 

as this only adds more pressure on an already dwindling resource.  

9.5 Village Water Usage 

9.5.1 Drinking and Household/Domestic Usage 

 

Already in 1980, the village was rationing water year round, and limiting the amount that 

villagers could use on a daily basis. Although, they say they have a sufficient amount of 

water today, the respondents also stated that they would certainly use more water if it 

became available. Main household/domestic water uses include washing dishes and 

clothes, preparing food, bathing and flushing of squatter toilets. Informants estimated that 

each family uses up to 200-300 l per day and believe that more water is used now than 

before as everything is much more convenient. The storage tanks are basically emptied 

every morning and evening during the open times.   

9.5.2 Agricultural Usage 

 

There is much less water used for village irrigation than for household needs. Since 

drinking and household water is the villagers‟ first priority, small vegetable gardens around 

homes tend to go un-watered. If more water was available, they could irrigate these more. 

The rice paddy fields use water from the Huai Lu River, which they block off and divert 

during the rainy season. Other crops that they grow during the dry season, such as corn, 

soy bean or sesame rely entirely on rainfall. Since they grow these crops in their paddy 

fields, the low field walls are an inadvertent way of helping prevent water runoff.   

 Of the 2000 rai (320 hectares) that the village uses for agricultural purposes, around 

1500 rai (240 hectares) is used only to grow paddy rice. Villagers also grow corn, black 

sticky rice, soy bean, sesame, lychee, longan, oranges and six families are attempting to 

grow coffee. Only two farmers focus on growing fruit and they have their own personal 

water source which they use for irrigation. In the past, the villagers sold what they did not 

need in the markets, and the same mentality holds true today. The main products sent to 

the markets are corn and black sticky rice, as well fruit from the fruit growers. There is 

currently no more available land for agricultural use, as the village is located within a 

national park and it is not permissible to cut more forests to create new agricultural fields.   

9.5.3 Livestock Water Usage 

 

Today, there are between 400-500 water buffalos, around 300 cows, and lots of pigs and 

chickens within the village. Villagers could not remember how many livestock they had in 
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the past. Nevertheless, the village has enough water for all the needs of their livestock, and 

they have never had water problems at any time. 

9.5.4 Industrial/Commercial Water Usage 

 

There are no industrial/commercial enterprises that use water within the village. 

9.6 Water Conflicts within the Village 

 

The villagers stated that they do not have any water conflicts within the village itself.  

There are some minor problems with the surrounding villages, mostly concerning the 

damage to pipes that are not dug underground and are trampled by water buffalo and cows. 

Some of the interviewees thought that the villages need to work together more often to 

help protect the environment and not to destroy the watershed area so much.   

9.7 Major Environmental Water Stresses 

 

Yearly flooding within the Huai Lu River affects the village the most. Since their paddy 

fields are located very close to the banks of the river, they have experienced field damage, 

erosion and have had one village bridge destroyed by floods. Serious bank erosion and 

field damage is clearly evident today. The intensity of the flooding varies from year to 

year, but twice, the flooding was so bad that they lost the majority of their paddy rice and 

had to ask the government to bring in emergency supplies. In spite of this, they have not 

physically altered the river landscape to prevent or reduce the impact of flooding on their 

fields, as they think they cannot control or dictate nature.   

 In terms of water borne diseases, villagers are still affected by typhoid, cholera, and 

other parasites that cause diarrhea. They were affected by these same diseases in the past.  

10. Three resilience themes in Huai Lu Village 

10.1 Learning to Live with Change within Huai Lu Village  

10.1.1 General Village Changes 

 

Huai Lu village has also gone through both major and minor changes within their village 

setting. Respondents viewed most of the changes as positive; changes that increased their 

convenience of life, such as running water and electricity, as well as improved technology.  

Starting in 1980, the village received an upgraded water system that brought running water 

into their houses. The village was connected to a dirt road system in 1988, while in 1997 

the village received electricity that led the way for lights, fridges and TVs. Another major 

change has been the dramatic increase of village population, with a 72 family increase over 

the last 33 years. This increase of population has only contributed to greater pressure on 

already limited resources, such as land and water. There have also been changes with the 

surrounding environment, including deforestation and erosion, as well as having to deal 

with more pressure from the Thai forestry department and their policies while living within 

the boundaries of a national park. Another aspect of change revolves around the issue of 
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the monetary system. In the past, bartering for goods and services was normal, while today 

the Thai baht is needed for all purchases.   

 The changes that Huai Lu has encountered are very similar in nature to the changes 

that Huai San has gone through. Both villages received electricity around the same time 

period, and the subsequent influx of new technology is clearly evident. Likewise, both 

villages have experienced increased population growth, which has taxed the ever growing 

demand on natural resources, especially water. Both villages are located within the same 

national park, under the same governmental jurisdiction, and have no more available land 

to increase crop production. The two villages have also witnessed large areas of 

deforestation take place to make way for more agricultural land.  

 However, there are differing aspects between the two as well. The road systems 

connecting the villages to the main business city of Chiang Rai are radically different. 

Whereas, the road into Huai San is basically paved the entire way and it takes around 30 

minutes to reach the city, the last 25 km into Huai Lu are dirt, full of potholes and water 

ditches and the entire trip into Chiang Rai takes around two hours. Heavy rains make the 

road impassable, and landslides occur. This limits the access to bigger markets and 

services for Huai Lu, and the number of vehicles (14 in Huai San – 3 in Huai Lu) clearly 

indicates the transportation options and advancement of each village.   

10.1.2 Water System Changes 

 

The water system within Huai Lu has also undergone major changes since the village was 

established in 1974. Six years later, after a massive population explosion of an additional 

46 families, the initial system of collecting water from a nearby stream could simply not 

handle the demand.  A new source was found and connected too, and a water system was 

built, consisting of numerous concrete tanks and plastic piping, brought running water to 

every home. All of the respondents agreed that the new system was much more convenient 

and easier to use. One man thought that with the new system, families were better able to 

access water and therefore they could use more than before. The village headman stated 

that although the new water system was more convenient, he personally liked the older 

system better, when there were less people and sufficient water. According to the villagers, 

the quality of the water is good and they do not have any problems with chemicals in the 

water, nor do they filter their water.  

 This change of water systems has cost the villagers a financial price, as they had to 

pay for part of the water installation process. Two villagers had only invested around 300 

baht (  9 $US) on their household systems, and three others had spent between 1000-2000 

baht (  30-60 $US). One of the village fruit farmers had spent 20-30,000 baht (  600-900 

$US) on his personal irrigation water system, but only around 1000-1500 (30-45 $US) on 

his household system. None of the informants had improved their household systems, 

although some of them had thought about buying new taps, or building a personal tank, 

while the fruit farmer had significantly improved his irrigation system.  

The new system also has negative sides, which primarily revolve around the issue 

of an insufficient water supply. Half of those interviewed thought that the village did not 

have enough water for their needs, while the other half thought that the water supply was 

sufficient for now, but they would certainly use more water if it was available to them. 

Four respondents believed that their water situation was certain and secure, in that the 
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source they had would not run dry and that no other village or group would start using their 

water. The village is 100% reliant on just one source. All of those interviewed stated that 

increased population was the major factor why water supplies were running low, while 

only one younger man thought that deforestation within the watershed area also played a 

role. One man thought that the pipe size connecting the water source to the village needed 

to be increased so that more water would arrive faster. The village has also found another 

water source and all those interviewed believed that connecting to this new water source 

will solve the village‟s lack of sufficient water. 

 When looking at the water systems of the two villages, many similarities appear. 

First of all, every house in both villages is connected to the village system and has running 

water available. Everyone has also financially contributed to some degree. Secondly, both 

water systems are entirely gravity fed and neither uses any electrical equipment. Both 

systems use the same type of materials, mainly concrete tanks and plastic PVC piping of 

varying diameters. Both villages also believe that changes have occurred within weather 

systems, especially with less rain, fewer rainy days, and a shift in the coming of the wet 

season and this affects their quantity of water within the dry season months. However, as 

explained in section 8.1.2, there is no clear evidence to indicate any major weather shifts in 

the region.   

Vast differences also arise between the two villages. Even though Huai Lu has 

around 70 more residents, they have only one water source, instead of multiple sources like 

Huai San, and they also do not have any specific irrigation water sources. Huai San‟s main 

drinking water source is around four kms away, while Huai Lu‟s is only around two kms. 

While Huai San has a storage capacity of around 20,000 liters of drinking water from their 

main source, along with two other sources, Huai Lu has a storage capacity between 32-

36,000 liters for both drinking and irrigation water.  A larger difference then appears, as 

Huai San has a storage capacity of around 100,000 liters of irrigation water. Likewise, 

where Huai Lu only has one farmer who has a personal irrigation water source, Huai San 

has eight personal water sources.  

10.1.3 Adaptation and Adjustment to Changes 

 

In regards to the adaptation and adjustment of Huai Lu villagers to the above water 

changes, responses indicated that all of the six interviewed do not believe they can do 

anything to adapt by their own strength, and are waiting for outside help to arrive. As one 

man stated “by ourselves, we can‟t do anything. We are waiting for a big organization to 

come and help us” (personal communication). However, when observing the management 

of the water system, one major adjustment that the villagers have made began in 1980, 

when the rationing of water throughout the entire year to combat water shortages was 

implemented. The village also set up a water committee that is responsible for the 

management of the system. This water committee is relied upon by all respondents to deal 

with all water problems and issues. Another adjustment that they have made is that they 

have been actively searching for a new water source, and have located one. While trying to 

secure funding, they are waiting for the rain to fall and being as careful as possible with the 

precious water they have.   

 When asked how they deal with problems that arise within the water system, four 

of six responded that they only deal with problems after it occurs, while the other two try 
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to think ahead and take responsibility, although sometimes this is not possible. One 

example of this can be seen in the fact that they have seen the problem of overpopulation 

and diminishing water supplies, and have sought and found a new source, although this 

issue has affected the village for many years. Since irrigation water is not the main water 

priority for the village, none of the respondents mentioned anything about changing the 

ways that they irrigate, although it can be seen that they only irrigate their small vegetable 

gardens when there is sufficient water, and it doesn‟t take away from other household 

needs.   

 Looking at the two villages and their respective adjustments to water changes, both 

villages have secured finances and help to improve their water systems. While Huai Lu 

received a new water system in 1980, they have never upgraded their system or changed 

sources. Huai San has received help with their water system numerous times and from 

several different organizations, as well as changing sources. While the water quantity in 

Huai Lu appears to be inadequate in meeting perceived village demands, they have not 

requested funds or applied for funding from any governmental or non-governmental 

organization, and appear to be waiting for these groups to come to them. Quite differently, 

Huai San has been relatively active in requesting and receiving funds from various groups. 

While first receiving funding from OMF in 1982 for their first drinking water system, they 

then secured funding from a NGO called The Akha Medical Clinic to further improve that 

system in 1995. Two years later, the village received significant funds from the Thai 

government and was able to set up a needed irrigation system.  

 Both villages have also set up water committees, but while Huai Lu only has one 

water committee, Huai San has separate committees for both drinking and irrigation water. 

However, it should be noted that Huai Lu does not utilize a lot of water for irrigation 

within the village, although they do wish they had more. Their main irrigation comes from 

the Huai Lu River. All three water committees seem to focus on the same major themes of 

maintaining the current water system, with more of a focus on fixing broken pipes and 

general reminders of how to better save water.   

10.1.4 Future Thoughts 

 

Concerning perceived future needs in Huai Lu, responses specified that due to an increased 

and growing population, future water demands will not be met with the current source and 

supply. One man also believed that the destruction of the forest within the watershed area 

will also play a role in reducing future quantities. This lack of sufficient drinking water is 

at the forefront of the concerns and worries of the villagers. When inquiring about the 

possibility of increasing their fields and growing more crops, the village is in a hard 

position. First of all, they do not have access to more land, and even if they did, they do not 

believe that they have the necessary water to irrigate these lands. Hence, not one of the 

respondents gave a positive indication that they would increase field sizes. Despite these 

concerns of a lack of future water, all respondents thought that if they did run out, the 

village would have to find a new water source, which is what they have done. What the 

future now holds, is somehow finding a funding source and the villagers are counting on 

the water committee to fulfill this need.  

 Both villages are concerned about the quantity of their water supplies, and how 

they can possibly secure more water for their future needs. They are both worried about the 
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state of the watershed area and forest protection, although this point was brought up more 

by the Huai San respondents than in Huai Lu. Both villages are also limited by land and 

they cannot expand more agriculturally due to national park and forestry regulations and 

restrictions. In response to future needs, Huai Lu villagers believe that their water 

problems will be solved by being able to connect to a known water source and necessary 

finances are needed. Water quantity also affects the villagers of Huai San and they are also 

worried in regards to water quality, as chemical use from upstream villages is 

contaminating sources. Deforestation, according to the villagers, is also playing a major 

role in the disappearance and drying out of water resources in the watershed area, and 

forcing the community members to continually connect to farther sources.   

The water committees within Huai San village appear to be a little bit more pro-

active with their future thoughts and plans. They have been in contact with various NGO‟s 

and governmental organizations over the years, requesting and receiving monies in order to 

upgrade their systems. They have also been denied funding proposals by the Thai 

government, when desiring to build a small dam, but they continue to ask and actively seek 

financial help. The committee in Huai Lu does not appear to be as active.  When asking the 

water committee leader what the plans were for the future, he responded by saying “First, 

the way of handling the problem is to, we use our money to solve the problem.  If that 

cannot handle the problem, the best, go back to the pathway, the old path, walk to the 

stream, carry the container, and carry water back home” (personal communication). When 

further asked what he could do to help prepare the villagers for the future, he responded 

that he would give the instruction “Now you find your own water” (ibid). Since securing 

funds for the two tanks in 1980 and also receiving emergency aid money when flooding 

destroyed their paddy rice fields, Huai Lu has not requested any funds from the Thai 

government or other organizations, and do not really know where to go or who to ask for 

these funds. The water committee leader did not know who he would go to in Chiang Rai 

to discuss these matters. A lack of Thai skills is another major hindrance. Furthermore, 

neither village seemed to be actively engaged in water research or had institutions in place 

that supported research. Nor were they seeking organizations to conduct water research 

within their villages or watershed areas for them.   

10.2 Nurturing the Ability to adapt/adjust to Changes 

10.2.1 Current Water Knowledge within the Village 

 

The amount of water knowledge in Huai Lu village varies from person to person. The 

initial response of four informants was that they did not have any water knowledge at all, 

although through further probing, it was revealed that they knew where water sources were 

located and the general quality and quantity of the water. The village fruit farmer 

encompassed the most knowledge regarding water. He knew which sources were safe for 

drinking in the forest, as well as specific soils that held water better. Four persons indicated 

that they did pass on whatever water knowledge they had to the younger generation, 

although one of the younger persons indicated that he had never received any water 

knowledge from his parents. Water knowledge is passed verbally and through active 

participation, such as walking in the forest, as well as through experience. Only two 

younger men had ever gone to a formal school. The village headman acknowledged that he 

did not see the usefulness of passing on water knowledge to his children, as the water 
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committee was responsible for obtaining and teaching the village about water, and it was 

not his job. One older man summarizing his thoughts crisply stated that the “young 

generation, those who are interested in this situation, they will be teachable, they be eager 

to learn, but those who are not, don‟t bother, they won‟t.  In the same time, in my 

generation also, those who really concerned they will know, and they have knowledge, but 

those who aren‟t, doesn‟t bother, they don‟t so this is the comparison” (personal 

communication).   

No one in the village had ever written down any water knowledge and had never 

seen a water map before. Local knowledge is written in our hearts and in our thoughts was 

how one man expressed his views. Nevertheless, all those interviewed thought that it was a 

good idea to have water knowledge written down and to have maps available. One major 

problem is that the older generation is illiterate, although younger persons could write for 

them. Furthermore, some men thought that some knowledge would be lost, while others 

stated that they were not worried about losing knowledge as it was an important subject 

that would be maintained. Others indicated that better knowledge would appear that would 

be more useful than the knowledge they possess now, even though they gave no indication 

of where this supposed better knowledge would come from. No one had ever done any 

type of water research, but they all thought that more research would be good and that it 

should be conducted.  Drinking water was the highest priority and outside organizations 

should perform research tasks.  

 Although both groups of villagers in Huai Lu and Huai San have local water 

knowledge, it appears that the villagers in Huai San have more knowledge about the 

sources in their watershed and know more specifics about individual water sources. 

Villagers in Huai San were able to describe which water sources went dry in the dry 

season, which ones were safe to drink from and which ones were reliable year round. 

Villagers in Huai Lu provided only general comments regarding sources. Villagers in both 

locations expressed how they were able to pass water knowledge onto the younger 

generation verbally, and there were mixed thoughts regarding the loss of knowledge, 

mainly due to the lack of interest by younger residents. Both villagers did not have any 

written water knowledge in their respective languages, nor were any maps available. 

Illiteracy effected older persons in both villages. Water research was minimal in Huai San 

village, while it was non-existent in Huai Lu. However, a strong desire to see more water 

research conducted was welcomed by both communities. It was agreed that this research 

should be done by outside organizations, and should focus on basically everything to do 

with water issues, although sufficient drinking water was the highest priority.   

10.2.2 The Role of Village Institutions and Water Knowledge 

 

There is one main water committee in Huai Lu responsible for managing the water system. 

Besides this responsibility, all six of the respondents revealed that they thought the water 

committee should be responsible for learning more about water issues and problems, while 

three thought that the water committee should also be initiating new water projects. One 

respondent suggested that NGO‟s or the government should be responsible for new water 

projects, while another thought that any good idea could be conveyed to the committee.   

 According to the water committee leader, they hold water meetings 2-3 times per 

year. Three other people indicated that 1-3 meetings are held per year, while the other two 
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stated that the village does not have any water meetings. Everyone agreed that more 

meetings should be held. The primary issue discussed at the meetings was how, and who 

should fix damaged pipes, as well as finding and getting connected to a new drinking water 

source. Other issues that were brought up were the protection of the forests and equal water 

distribution throughout the village. The respondents gave credit to the water committee for 

helping them with better instruction and reminding them of how to take care of water in 

their daily lives and three respondents felt that their personal learning had increased. The 

other three either felt that their learning did not increase or that they gained more through 

personal experiences. However, the water committee leader acknowledged an inability to 

properly teach the people, saying that “we are limited. I have no knowledge” (personal 

communication). None of the respondents had ever attended a specific water training 

session either inside or outside of the village. When dealing with the future, the 

respondents indicated that the water committee was planning to connect to a different 

water source, and that they knew where the water source was, but had not secured the 

necessary funds. Besides this, the water committee did not have any more plans for the 

water system in the future. Three of the informants thought that they were prepared for the 

future, while three held the opposite view. 

 The one main difference between the villages is that Huai San has two separate 

water committees, while Huai Lu only has one. All of the committees held between 1-3 

meetings per year, but it appeared that the meetings in Huai San tended to cover more 

waters issues such as securing sources and looking after the watershed areas, whereas in 

Huai Lu they focused more on the maintenance of the water system. All respondents in 

both villages suggested that more meetings should be held every year and more water 

issues discussed. While all of the respondents from Huai San believed that their water 

knowledge had increased, only half of the respondents in Huai Lu gave a similar answer. 

In regards to future planning, both villages appear to be preparing the villagers for the 

coming years. The drinking water committee in Huai San is considering a filtering and 

metering system, while the irrigation committee has no plans. In Huai Lu, although the 

committee has found a potential future water source to alleviate water pressure and 

increase supply, they have not found a financial means to accomplish this task.   

10.3 Creating Opportunities for Self-Organization 

10.3.1 Formal Aspects of Self-Organization within the Village 

 

There are a total of seven formal committees or groups within the village. The general 

village committee is the biggest and most important committee, while they also have a 

water committee and a forest committee. Besides these major committees, there is also a 

woman‟s group, youth group, a financial savings group, and a rice bank. A small 

kindergarten also exists, providing basic education for children ages two to four years old.   

10.3.2 Informal Aspects of Self-Organization within the Village 

 

There are also many forms of informal self-organization throughout the village. The most 

common is labor exchange, which occurs in various forms such as building houses, 

planting and harvesting each others crops. Communal responsibilities include kindergarten 
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renovation, working on the fire control lines, protecting the watershed area, maintaining 

the bridge and road, or just general clean up of the village. They also help one another in 

preparations for large village events such as weddings, funerals, house dedications and 

special Lahu traditions such as the Lahu New Year and the harvest festival.   

 In terms of helping with water related issues, the village has worked together in 

providing the labor needed to install all the pipes when building the water system in 1980. 

They also work together to maintain the village water system, which includes fixing or 

repairing pipes or tanks when they are broken, or digging pipes deeper into the ground. 

They are also willing to help install the piping for the new source. One person is also in 

charge of turning the water off and on every morning and evening. He was appointed by 

the village and is paid in rice by all families.  

 In terms of informal self-organization, both villages have very much the same 

forms and activities of helping one another, both in a general and water specific manner.  

Labor exchange is common among the minority people groups who live in closely knit, 

collective societies, and readily depend on each other for assistance in many aspects of 

their daily lives (Lewis, 1984). Since they typically do not have a lot of money to fund 

major projects, they provide labor and time instead. However, the monetary system is also 

creeping in and changing this aspect of village life, as more and more labor in Huai San is 

being hired and paid for.  

10.3.3 The Degree of Village Unity and Compliance of Water Regulations 

 

According to the respondents, they are confident that the village is united and can work 

together in order to solve issues that they are facing. The last big project that Huai Lu 

worked together on was repairing the village bridge in November 2006. Informants felt 

comfortable bringing up water problems to the water committees or to the headman. Five 

of the respondents forwarded that villagers obey and respect water rules and regulations. 

One man suggested that only 80% of the village complied with water rules and regulations. 

He mentioned that although the village water lines are only open in the mornings and 

evenings, he has seen people go and turn on the water lines during the day and „steal‟ water 

that they should not be using at that time. He mentioned that he does not have the authority 

to confront these people as the water committee should deal with these issues. 

 The degree of unity and compliance with village water rules between Huai San and 

Huai Lu appear to be very similar, with both villages confident in their unity, and the 

majority of villagers respecting and obeying water rules. Likewise, all respondents felt 

comfortable bringing water issues and problems to the water committee or to the headman.  

However, certain aspects of village unity are slowing starting to break down or erode in 

Huai San village, which partly revolves around the introduction of the monetary system, as 

well as urban migration.  

11. Analysis 

11.1 Introduction 

 

In spite of the complexities of investigating social-ecological (SE) resilience within 

intricate watershed areas, it is still possible to examine strategies that have been taken to 
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enhance the building of social resilience, or lack thereof, within the two village settings of 

Huai San and Huai Lu. According to Langridge (2006), the importance of an historical 

overview cannot be under estimated, and was covered in sections 7 and 9. This provides 

the answer to one of two crucial questions which Carpenter et al. (2001) propose, mainly 

identifying a time period in which the study of resilience is taking place.  However, it must 

also be pointed out that the SE systems interacting with and affecting both of these villages 

are far more complex and dynamic than this paper sets out to cover. Gallopin (2006) 

correctly points out that while certain components of this large, overall complex system 

can be taken out and studied independently, which this paper has done, this is but a small 

aspect of the bigger system at play and this „scale‟ should be remembered.  Likewise, 

Walker et al. (2004) point out that no social-ecological system can be fully analyzed and 

understood using just one particular scale, and that any specific scale is but a small sub-

section of the whole. By examining and analyzing both positive and negative aspects of SE 

themes within the two villages, the building of social resilience, or lack thereof, of water 

management systems can be observed (Adger, 2000). The following sections will highlight 

Folke‟s (2003a) three main aspects of SE resilience building themes, stated within the 

research question.  

11.2 Learning to Live with Change  

 

Learning to live with change is something that both villages have aimed to do throughout 

the time scale studied. The two villages have experienced tremendous amounts of change, 

both on a social and an ecological level. Not only have both villages learned to live with 

bigger populations, but they have been connected to electric grids, road systems, and new 

water systems, learning how these new systems work and how to interact with them. They 

have also learned to transfer over to monetary systems of business involving large scale 

markets, as well as witnessing a Thai formal education system teach all but the oldest 

generation. Pressures on desired resources, such as land and water have been put under 

more stress as they have diminished and become harder to obtain. They have learned how 

to deal with these issues and continued to live in the same location, maintaining the 

cultural and societal functions, structure and identity.   

 According to Gallopin (2006, p. 297), “the concept of domains or basins of 

attraction is central to the notion of resilience” and how a system is drawn to a central 

attractor. The system may also slip out of the current basin if pulled outside of the basin to 

another attractor. However, throughout the research, it appeared that both villages were not 

pulled into new basins of attraction, but alternatively, their current basins of attraction were 

expanded to include new water sources, located at farther distances and in different 

directions within the same basin. As closer sources dried up, or were no longer sufficient to 

provide for village needs, they sought new sources and „basins‟ were molded to include 

these. This is especially the case in Huai San where this has happened on numerous 

occasions, while it has only happened once in Huai Lu and is likely to occur again. Huai 

San‟s basin would look more like an octopus, having various „water source‟ tentacles 

pushing out in various directions. Whereas, the villages had much more control within 

their smaller basins and were better able to influence resources, the wider basins have 

provided them with access to desired resources. However, at the same time more actors 

suddenly were incorporated within this expanded basin, requiring new policies and thought 
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patterns to be built. This is evident in the chemical use from upstream villages above Huai 

San directly affecting their water sources. Hence, it was observed that „water basins of 

attraction‟ expanded in size and in different directions when stresses directly affected 

them. It remains to be seen how long these basins can continue to expand, until they flip or 

collapse or are reorganized into something different. This is in line with the adaptive cycle 

thinking process which involves four different stages: rapid growth, conservation, collapse 

and renewal or reorganization (Carpenter, et al, 2001). It should be mentioned that villages 

are no longer able to move locations when water stresses are too much, as was previously 

done. This action would be a clear indication of a system collapse and relocation to a new 

basin of attraction. 

As water resources dry up in one area, new sources must be found in another area, 

and villagers attribute this change to deforestation, primarily as a result of increased 

population and the need for more agricultural land. This is more the case in Huai San than 

Huai Lu. Agricultural land cannot be expanded due to Thai Forest Department regulations, 

while chemicals and fertilizers are used to increase harvest size and deter pests. Crops are 

primarily grown for resale in local markets, which further encourages the newly introduced 

monetary system, as well as increased dependence on outside markets. Adger forwards that 

this increased market integration can have both positive and negative effects on the 

resilience of systems (2000). Folke (2003) forwards that “human activities that simplify 

ecosystems for production of valuable target resources only tend to erode resilience and 

make social and economic development vulnerable to change” (p. 2030). This appears to 

be the case in Huai San village with cash crop fruit production requiring high quantities of 

water. Chemicals in Huai San‟s water sources also lead to sickness, and the inability to 

drink from forest streams. Villagers are learning which water sources are safe to drink 

from and which ones are not, a distinct thinking pattern change, developed through 

experience and increased learning.  

 Social networks have been built throughout both villages on different levels and 

primarily appear in the form of committees. Adger et al. (2005) forward that strong local 

social cohesion and systems for unified collective action all promote SE resilience. Huai 

San has five different committees, as well as other groups throughout the village and labor 

exchange is common among families, although this trend is weakening. Likewise, Huai Lu 

has numerous committees and social groups that work together to solve issues. Walker et 

al. (2006) forward that both “motivation and co-operation depend strongly on the structure 

of social networks and the flow of information within them”. These social networks can act 

as forms of assistance in times of need and can increase SE resilience or erode it depending 

on how strong these networks are.    

 Rationing is a major water change that both villages have implemented, as Huai Lu 

started in 1980, while Huai San started in 1995.  Due to seasonal (Huai San) and yearly 

(Huai Lu) water shortages, both villages were able to set up and implement water rationing 

systems that are primarily respected. Villages are small enough to properly manage and 

observe the rules, and „water abusers‟ are quickly found and dealt with. Rules and 

regulations, along with consequences are known throughout the village. Rationing can be 

viewed as a buffering activity, and will work as long as the current water quantity remains 

in the overall system.  

 In terms of expecting the unexpected, both villages showed little evidence that they 

are preparing themselves for unseen situations that might affect them in the near or distant 
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future. The older generation tends to think only a few years ahead, while some remain on a 

day to day basis. The younger generations possess a longer term outlook and have a greater 

ability to see what issues the village could possibly encounter. However, the current 

learning process is situated and applied within a limited future time period, with a primary 

focus on today‟s problems, while tomorrow‟s issues can wait to occur and be dealt with.  

11.3 Nurturing the Ability to Adapt/Adjust to Change 

 

One main aspect of Folke‟s (2006) definition of SE resilience is the capacity of a system to 

absorb various stresses and adjust to these while at the same time retaining basically the 

same function, structure, identity and feedbacks. The subject matter of nurturing this 

adaptive ability is part of this definition and essential to the building of SE resilience. 

Many authors and researchers have suggested that various social mechanisms can be 

observed throughout a system that construct or nurture an ability to adapt. One such 

example is the “building and cultural transmission of local ecological knowledge in 

traditional resource management systems” (Carpenter et al., 2001, p. 778). This learning 

ability is advanced and developed by institutions that exist throughout the system. These 

institutions should first be responsible for the management of the current water system, as 

well as increasing the learning level, through strong leadership and active participation. 

They could also allow for and encourage water research to be safely conducted, results to 

be observed and assessed, and system polices that can be implemented as new knowledge 

is applied (ibid). This could also increase novelty and creativeness in solving water issues. 

Adger (2000) defines institutions in the “broadest sense to include habitualized behaviour, 

rules and norms that govern society, as well as the more usual notion of formal institutions 

with memberships, constituencies and stakeholders” (p. 348). Both target villages have 

institutions that exist on varying degrees. If then, the building or learning of local 

knowledge is needed and this learning is enhanced and developed by institutions, looking 

at the institutions and the knowledge that they hold, transfer and obtain is necessary to see 

how adaptation and adjustment is being nurtured. 

 So what local ecological knowledge is held by the members of both villagers, and 

how is this knowledge transmitted throughout the system, if indeed this is being done?  As 

outlined in greater detail in sections 8.2.1 and 10.2.1, villagers do in fact hold local 

traditional water knowledge. Local water knowledge was primarily held by the older 

generation, who had acquired it through many years of experience. Younger persons had 

obtained aspects of this knowledge mainly through verbal transmission, as both villages 

did not possess any written water knowledge. Local knowledge tended to focus on where 

water sources were physically located and on the quantity of these sources in different 

seasons, as well as knowing how the physical water systems within the village worked. It 

did not appear that either village held significant knowledge concerning the wider 

watershed area, or larger influences at play. A lack of water quantity was associated almost 

directly with deforestation within the watershed area, without any backing behind this 

theory. Little was suggested about how to solve the environmental degradation, or what 

could be done to prevent water quantity issues. Quality issues, mainly chemical use in the 

Huai San watershed, were linked with the upstream villages‟ agricultural practices, 

although no testing had been done to verify this claim. Knowledge concerning rainfall and 

weather patterns was based on memory and no research had ever been recorded or 
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conducted in any village regarding this water area. As shown in appendix 11 and 12, 

rainfall data did not clearly verify significant rainfall changes, nor did it support village 

memory in this specific area. It is an interesting point that although quantitative research is 

available, in the form of rainfall data or maps for example, neither village had taken 

advantage of this resource base to increase their knowledge base. Subjective knowledge, 

based on memory appears to be preferred and more comfortable approach. This learning 

aspect could be improved, with the possibility of strengthening SE resilience.     

 The transmission or flow of this knowledge is accomplished verbally, from the 

older to younger generation, and requires active participation by both groups. This process 

has begun to break down due to a number of different causes. The primary reason concerns 

the number of young people that are not interested in learning about water, or are no longer 

living in the village. With urban education facilities, work and entertainment opportunities, 

as well as good transportation means, more and more youth are settling in cities. If youth 

are in the village, they have TVs and videos to distract them, and spending time in the 

fields with elders, absorbing local ecological knowledge is no longer a main priority. 

Ironically, these are the persons within the system that can read and write and could 

physically record and store local knowledge. Another issue that arises is that the younger 

generation seems to have difficulties sharing their „new‟ knowledge with the older 

generation, which also contributes to a weakening of learning and SE resilience. This 

aspect of learning could be further explained by what Carpenter et al. (2001) have labeled 

as „delayed learning‟, or the sluggish acceptance to available water knowledge. A lack of 

objective water knowledge can also be seen as a form of delayed learning. This is not to 

say that local water knowledge is not being passed on. However, even when knowledge is 

transmitted, it is not always respected or taken to heart by those receiving it. Local 

ecological water knowledge is kept in the hearts and minds of the older generation and will 

no longer be accessible when they have passed on and the knowledge is lost. Quantitative 

information is available in governmental and other organizations databases or archives and 

is not being tapped into and brought back to the village context. 

According to Adger‟s (2000) definition of institutions, both villages have distinct 

habitualized behaviour that is also reinforced within a strong ethnic identity. Both the 

Akha and Lahu minority people groups are distinct cultures that have been observed, 

studied and recorded by ethnologists (see Lewis, 1984; Geusau, 1992). Distinctiveness can 

be seen through language, dress, house structure, village locations, and general lifestyles. 

Both cultures have rules and norms that govern their respective societies, which can be 

seen in traditional festivals, religious beliefs and daily interaction. These factors help to 

retain a strong sense of collective identity. Although villagers try to preserve these 

distinctive cultural aspects, influences from the majority Thai society, such as language 

and education, has influenced both villages to varying degrees, as have new economic and 

political systems. This indicates that external stresses have breached both villages and 

resilience aspects regarding social identity and structure could erode in this area.   

On a more formal basis, both villages have institutions, or committees that govern 

different aspects of village life. Although many committees exist, this section will only 

focus on those dealing directly with water. All three water committees have elected 

members, rules, regulations, and conflict management systems in place. All committees 

hold meetings throughout the year to discuss water issues and concerns. The majority of 

the respondents revealed that their learning had increased due to committee training, as the 
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teaching primarily focused on saving water at a personal level. Little training focused on 

the wider watershed area, besides the reminder to not cut down trees, which none of the 

villagers are legally allowed to do anyway under Thai forestry laws, or use chemicals. 

There appears to be a lack of teaching regarding the larger watershed area and water flows 

within this area. Being able to save water at a personal level is completely reliant on the 

basis of having water, from the watershed area, to begin with.  

Likewise, all three of the committees gave little indication that they are actively 

supporting or encouraging forms of water research, innovation or novelty. Gunderson 

(2003) forwards that mankind is unique in that they can generate novelty or new creative 

measures to deal with uncertain social systems and this is essential when dealing with 

surprises or crisis. Responses indicated that both villages tended to rely heavily on outside 

organizations, either governmental or non-governmental to take control of this area of 

knowledge. What this brings up is the issue of knowledge ownership and then a further 

issue of how his newly formed knowledge is transferred back to the system. Folke (2006) 

suggests that a major challenge of building a resilient system is to “build knowledge, 

incentives, and learning capabilities into institutions and organizations” (p.262) and this 

responsibility lies with the water committees. There also appeared to be a lack of 

preparation within the respondents concerning water in the future, and many felt that the 

committees had not helped to prepare them for future water issues. This may be directly 

tied to a lack of research and water knowledge concerning a wider-scale outlook of the 

watershed area. This lack of preparation revolving around future water issues could be a 

source of SE resilience erosion in coming years.   

Networking has been done with various outside organizations to help adjust to 

changes, primarily on a financial level. Huai San appears to have been able to network 

better and more successfully than Huai Lu and the amount of funding differences is 

evident. These networks or contacts can be seen as creating a buffer that can absorb a 

certain amount of stress, without causing a shock to the system. Rockström (2003) refers to 

this as a resilience parachute, or a mechanism that can deter a shock for a certain time 

period. Huai San was able to secure funding for the building of nine irrigation water tanks, 

and thus was able to buffer a potential crisis. However, these tanks will only be as good as 

the water source, and if it dries out, or is contaminated the tanks can no longer act as a 

buffer. Huai Lu received initial support for their water system, but is currently unable to 

find funds for the connection of a new water source. This potential buffer is not yet set up 

and they are awaiting a potential system shock or perhaps a water crisis. Little indication 

was provided that showed a pro-active mentality towards approaching potential donors in 

the hopes of creating this water buffer or to raise their own support. Hence, the ability to 

pro-actively network is of importance to both villages. 

11.4 Creating Opportunities for Creating Self-Organization 

 

Opportunities for the creation of self organization can be seen and observed throughout the 

two villages. First of all, there appears to be a natural self organization or cohesiveness 

attached to cultural identity, which is further fostered by the fact that both minority groups 

live surrounded and governed by the Thai majority. They have suffered discrimination on 

various different levels including educational opportunities, land, resource, and citizenship 

rights and are unjustly blamed for many environmental issues (Rerkasem, 2003). Self 
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organization can be seen in the establishment of villages and communities, the holding of 

traditional festivals, as well as a distinct language, which binds system participants 

together. This self organization is also coming under pressure as external stresses weigh 

down upon the two villages. 

 In terms of the opportunities for self organization within the community water 

system and its management, the development of water committees emerges as the 

dominant confirmation that self organization has taken place. All three of these water 

committees were established and set up independently of outside influences and are run 

entirely by local villagers, elected and put into leadership positions by their own people. 

Decisions are made as a village and agreed upon collectively. In the case of Huai Lu, there 

must be 100% agreement on major water decision before implementation occurs. Water 

committees have also set up water rules and regulations and retain the highest degree of 

water authority within both villages, as they are responsible for all water issues and 

problems that arise.    

 Within any SE system, the presence of strong institutions, which are led and 

directed by respected leaders, will add to the resilience of the overall system, guiding 

fellow participants and developing goals and means to fulfill these aims. The strength of 

any institution and it effectiveness is only as good as the people that run it, and the human 

capital of both communities and individuals are necessary components for institutions. 

Abjibolosoo‟s (1995) human factor theory, which sets out necessary human personality 

traits for the accomplishment of set goals and objectives, is useful for further 

understanding within this area. The human factor refers to: 

 
The spectrum of personality characteristics and other dimensions of human performance that 

enable social, economic and political institutions to function and remain functional, over time. 

Such dimensions sustain the workings and application of the rule of law, political harmony, a 

disciplined labor force, just legal systems, respect for human dignity and the sanctity of life, 

social welfare, and so on. As is often the case, no social, economic or political institutions can 

function effectively without being upheld by a network of committed persons who stand firmly 

by them. Such persons must strongly believe in and continually affirm the ideals of society 

(ibid, p. 33).  

 

He further states that these unique characteristics enable individuals to effectively apply 

acquired knowledge and wisdom, as well as relevant information to detect and work out 

daily problems; in this case they would apply to water. Out of these characteristics, trust is 

a vital factor that holds these systems together, as Walker et al (2006) state that a “lack of 

trust and interference with the information flow or the structure of the social network 

reduce resilience”. Trust also allows for members of the community to draw on a large 

body of help in times of need. The continual development and improvement of water 

institutions within both villages needs to be a high priority in the coming years, as the 

strength of institutions will play a large role in the implementation of new water policies.   

Although detailed research was not conducted specifically on the water committees 

within the two villages, certain trends appeared that indicated both positive and negative 

resilience aspects. On a positive note, the fact that committees exist and have elected local 

leaders that are trying to work on water issues, indicates that the villages see the 

importance of these institutions and the role that they play with water issues, goals and 

solutions. These committees are able to gather villagers for meetings and organize water 

projects of varying natures. Both villages see the significance of working together to help 
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install and maintain the current water systems. On the contrary, negative aspects also 

become visible when looking at the water committees. Leadership roles are dominated by 

male figures, with only 2 of 30 committee members being female. Both women are part of 

the irrigation water committee in Huai San which was only established in 2003. Leadership 

within the system should be a dynamic process, involving evaluation and changes in 

position, as well as being responsive and reflective of social and ecological changes 

(Walker et al. 2006). This does not seem to be the case in either village, as women play 

major roles in water use, but are subsequently left out of leadership roles and major 

decision making processes. The erosion of trust within the villages is also starting to 

become more and more evident. Occurrences of water conflicts within Huai San are on the 

rise, while „water stealing‟ is becoming more frequent and „ration abusers‟ have been 

spotted in both villages. The above mentioned positive aspects need to be further built 

upon and encouraged, while more negative aspects should be examined and improved. 

12. Conclusion  

 

This paper has sought to investigate how two ethnic minority villages located in the north 

of Thailand have built, or failed to build SE resilience within their water management 

systems. The empirical data has attempted to present both the historical and current water 

management practices in a clear and concise manner, describing the various changes and 

adjustments that both villages have experienced over the last decades. Throughout section 

11, water management practices were analyzed in relationship to SE resilience concepts, 

which were divided into three main sections, in line with Folke‟s framework of building 

SE resilience (2003a). In no way, does this paper seek to provide the reader with an overall 

description of the villages SE resilience at all scales. The SE resilience of a system is a 

complex and ever-changing process, which should be studied and analyzed from various 

multi-disciplinary perspectives, and is very hard to measure. “The abstract, 

multidimensional nature of the concept of resilience makes it difficult to operationalize. It 

is by no means obvious what leads to resilience in a complex system, or which variables 

should be measured in a given study of resilience” (Cumming et al., 2005, p.976). Systems 

are incessantly subject to internal and external pressures and stresses, pulling and drawing 

systems into different areas of the same basin of attraction, or into different basins all 

together. In light of the above, this paper has aspired to investigate a small aspect, that of 

water management practices, of two different community based systems, and the SE 

resilience that is being, or not being built at this specific scale. The resilience of a system at 

one specific scale does not imply that the system as a whole contains that same level of 

resilience. A system can be resilient at an individual scale, yet lack in resilience at a 

regional or global level. Likewise, a system can be resilient within an economic or political 

scale, yet not be resilient at an ecological or resource level. The complexity of all these 

different aspects and scales needs to be remembered. The next two sections will further 

expand on the results from both specific villages concerning the SE resilience concept. 

12.1 Huai San 

 

Due to a dependence on and need for both drinking and irrigation water within the village, 

in combination with increased population, water-rich agriculture practices, and a 
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disappearance of near-by water sources, Huai San has become more and more susceptible 

to water shortages during the dry summer months. Huai San has witnessed what this paper 

has called a basin „expansion‟, as they have continuously been forced to seek new water 

sources located farther and farther away from the village. As a result, they have gained a 

precious commodity, while losing influence over relied upon water.  

 In learning to live with water changes, Huai San has established two water 

committees, which manage and control the systems, and have also networked themselves 

with NGO‟s and the Thai government in order to finance new water projects. Personal 

families have applied their knowledge and installed water system in their houses to adapt 

to the changes. The village also has a rationing system in place, which is started in times of 

need and shortages. No major water crisis has affected the village, and in times of a more 

extreme shortage, agriculture is simply not irrigated. Despite new technology, such as 

electric pumps, the village water system continues to rely on gravity only, and no filtering 

system or techniques have been implemented.   

 Areas of possible improvement lie in further networking with NGOs and the Thai 

government in terms of not only securing funds, but of guaranteeing more access to water 

knowledge on a watershed level, as well as seeking water training sessions. Networking 

with surrounding villages could be drastically increased and participatory resource 

management could be used. Upstream villages are directly affecting their water sources 

and supply, and dealing first hand with these villages, along with the Thai government as 

an authoritative figure, ought to be pursued. 

 Nurturing the ability to adapt/adjust to changes primarily appears in the form of 

local water knowledge being passed from generation to generation through verbal 

transmission, and by verbal water committee meetings. Knowledge transfer issues arise in 

the form of disinterested or unavailable youth, and lost knowledge due to a lack of written 

knowledge as older persons pass away. Another issue emerges of how the younger 

generation can transfer new knowledge to the older generation in a respected manner. 

Water training sessions and interaction with NGO‟s or governmental agencies could help 

bridge knowledge gaps or voids, as well as providing a wider watershed area approach. 

Villagers have increased their water knowledge due to help from the water committee and 

this trend should continue.  

 Although local water knowledge exists, this knowledge primarily revolves around 

the location of water sources and more practical aspects of the current water system. Little 

knowledge revolves around answering the „why‟ questions, such as why there is less water 

within the watershed, and completely understanding the workings of the larger watershed 

area. These answers can come from outside sources, but to date, little has been done to 

pursue organizations that are willing to help in this area. Objective data from organizations 

can be obtained and utilized within the village. The committees that exist also focus more 

on the practical day-to-day maintenance of the water system and little on preparing for 

future issues. More of a focus could be given to the protection and future conservation of 

the actual water sources and the surrounding environment where they are located. Perhaps 

through this, previous water sources could be used again and the basin of attraction 

tentacles could shrink. A metering system is fine, but you can not meter water that is not 

available. However, within Huai San this future project seems to be at the forefront of 

future goals, while the environmental goals lag behind. Research and novelty should be 

encouraged, along with innovation concerning water issues and possible solutions. Water 
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institutions could be strengthened and human factor characteristics reinforced through 

increased training and education programs, as well as leadership and capacity building 

workshops. In this manner, the people that are directing the institutions will better have the 

ability and capacity to effectively accomplish future water goals and objectives. Local 

leaders of these committees do come from within the village, and this trend should 

continue. The younger generation should be incorporated as much as possible, and should 

be included in water decisions to try and increase water knowledge, while being allowed to 

share their new knowledge. Women should also be given larger water roles to play and the 

importance of their daily household duties, which mainly revolve around the use of water, 

need to be recognized, encouraged and their potential water roles ought to be recognized.   

 Self-organization within the village appears to be strong as they are united on 

different cultural and community levels. Committees have been developed from the grass 

roots level, and the village comes together to help and work on water projects. However, 

cracks seem to be appearing on various levels, including the change from a labor exchange 

to monetary system. This could further transfer into all labor forms within the village, 

including water projects. Again, the human factor characteristics, including trust need to be 

reinforced within the village, and villagers need to be kept accountable for water use, 

particularly during the hot, dry summer months, when the temptation to „steal‟ or go 

against village water rules are high. Realizing that everyone is struggling with water 

shortages can further unite the villagers to seek solutions together. 

Their resilience level is contingent on numerous factors including the ability to 

maintain access to safe, clean drinking and irrigation water during the hot, summer 

months, through active, knowledgeable policies put in place by strong water institutions, 

who can effectively accomplish necessary goals and objectives to meet water needs.     

12.2 Huai Lu 

 

Huai Lu faces drinking water shortages throughout the year, predominantly throughout the 

hot, dry season months of January to May. Due to increased population and limited 

finances, they have been unable to increase the supply of water necessary to meet the needs 

of the village, first and foremost, drinking water and secondly village irrigation needs.  

Huai Lu is extensively dependent on the Huai Lu River which supplies all of the required 

water for rice paddy irrigation.  

 In learning to live with water changes, Huai Lu has established one water 

committee to deal with all water issues, including daily management of the system. They 

have networked with a NGO and the Thai government in the past but currently have 

limited outside contacts. Individual families have installed water systems within their 

houses to adapt to water changes, and the village rations water throughout the year to deal 

with a general water scarcity. Despite the fact that new water technologies, such as pumps 

are available, the village water system still relies on a gravity fed system for their needs. 

 Areas of continued improvement lie in further networking in order to secure 

finances for the new water source connection. The water committee does not appear to be 

actively seeking to establish and build new networks. The village can no longer afford to 

sit and wait patiently within the confines of the village for someone to come and help 

them, but must adapt a more pro-active stance in seeking help and assistance. They need to 

start believing that they themselves can actually do something to improve their current 
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situation, instead of being completely reliant on others.  Another possible suggestion could 

be the development of a inter village committee to protect the Huai Lu River, as this is a 

very valuable resource for Huai Lu, as well as many other upstream villages. 

 Nurturing the ability to adapt/adjust to changes primarily appears through some 

verbal transmission of water knowledge from generation to generation, and by verbal 

instruction from the water committee. Water equipment installation is also provided 

through more active and participatory methods. Water training sessions and interaction 

with NGO‟s or governmental agencies could help bridge knowledge gaps or voids, as well 

as providing a wider watershed area approach.   

 Although some forms of water knowledge are evident throughout the village, the 

issue of water knowledge did not appear to be of importance or necessity. This void was 

filled with a sense of dependence on outsiders who were assumed to have more and better 

knowledge, which would help the village more than local knowledge. Current local water 

knowledge gravitated around the current water system, with little knowledge concerning 

the wider watershed areas and how they were incorporated into this level. Likewise, the 

water committee that existed and was responsible for obtaining and transferring new water 

knowledge to the village confessed that they were limited. The water committee tended to 

focus its responsibility on the daily running of the water system and little more, with no 

future goals or objectives in store. Water knowledge within the village needs to be 

increased through trainings and workshops, from outside organizations, and needs to cover 

the entire watershed area, so that villagers get a better picture of all the water influences 

that affect them. Again, available quantitative data should be accessed and integrated into 

water decisions. No water research had been conducted throughout the village, nor was 

research supported or encouraged by the water committee in any way. Research and 

novelty should be encouraged, along with innovation concerning water issues and possible 

solutions. The water committee should be strengthened and human factor characteristics 

reinforced through increased training and education programs, as well as leadership and 

capacity building workshops. Women should also be given larger water roles to play and 

the importance of their daily household duties, which mainly revolve around the use of 

water, need to be recognized, encouraged and their potential water roles utilized, and 

female representatives should appear within the water committee.  

 Self-organization within the village appears to be strong as they are united on 

different cultural and community levels. Committees have been developed from the grass 

roots level, and the village comes together to help and work on water projects. Human 

factor characteristics, including trust need to be reinforced within the village, and villagers 

need to be kept accountable for water use the year round, or until they are able to connect 

to a new source and sufficient water supplies are available.  

Their resilience level is contingent on first securing funds to connect to a new water 

source, which will supply sufficient water to the village. In order to effectively accomplish 

necessary goals and objectives to meet future water needs, increasing the capacity of the 

water institutions and its leaders so that through active, knowledgeable policies they can 

direct and guide the village to need to be encouraged, improved and refined. 
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13. Final Summary 

 

The concept of SE resilience was used as a framework throughout the analysis of two 

ethnic minority villages in Northern Thailand. Through Folke‟s (2003a) three main themes 

of how SE resilience can be built, it can be observed that both villages have positive and 

negative aspects concerning their water management systems and their sub-sequent 

resilience. However, within this study area, there are several social aspects that did not fit 

into Folke‟s (2003) three resilience building aspects mainly due to the community level 

scale. The political and market forces influencing both villages certainly plays a role in the 

overall water management practices within the watershed. Governmental policies, 

especially regarding reforestation within national parks have a lot of power over both 

villages. Also, markets dictating commodity prices influence what crops are grown, 

regardless of necessary water intake. However, to maintain this community scale, these 

aspects could not be fully investigated and incorporated into the paper, but would be great 

areas for further research. When dealing with water management practices, gender plays a 

major role and unfortunately due to cultural obstacles in the interview stage, this aspect 

could not be focused on as much as was desired. Gender roles and SE resilience would 

again be a very interesting area of research to be conducted.     

These two villages are not alone in the northern part of Thailand.  According to the 

2002 Tribal Population Summary, there are a total of 2,603 of 3,444 minority villages in 

the northern provinces of Chiang Mai, Chiang Rai, Mae Hong Son, Lampang, Phayao, Nan 

and Phrae, comprising of 72 % of the total minority population. Most of these villages 

have functioning water systems of varying complexity, consisting of concrete storage tanks 

and PVC pipe. The majority will be gravity fed systems, using pipe or open canal system. 

Many of the issues and problems that were brought up in this research paper can be seen in 

the ethnic communities dotting the mountainsides of Northern Thailand. Increasing 

population, expanded agricultural fields and the restrictions of national parks all contribute 

to greater pressure on water resources. The low lying Thai urban centers are also growing 

and demanding more water, and more pressure will be placed on minority villages located 

in the upper parts of watershed areas. As villages seek to maintain and secure their own 

livelihoods and their water sources, low-lying urban centers will also try to protect and 

guarantee both the quantity and quality of needed city water.   

 By focusing on building SE resilience within villages through the three themes 

continuously discussed throughout this paper, minority hill tribe communities will be 

better able to maintain their societies and cultures, as they have done for so many decades 

in the past. Absorbing varying changes through increasing knowledge, building strong 

institutions and maintaining the ability to self-organize will be essential in the coming 

years. Much more research is needed and would be of great help to both minority groups, 

Thai nationals, policy makers and the greater SE resilience research community. Both the 

social and ecological sides of resilience can be further investigated on many different 

scales and levels, which would be of abundant worth.  Watershed complexities also need to 

be further researched, to better allow for sustainable management policies to be 

implemented in the coming years.  
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14. Appendixes  

Appendix 1: Map of Thailand, with provincial divisions 

 

 
www.lib.utexas.edu/maps/middle_east_and_asia/thailand_admin_2002.jpg 

 

Chiang Rai Province 
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Appendix 2: Map of Ethnic Minority Immigration Routes 

 

www.hilltribe.org 
 

be.org 
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Appendix 3: Thailand’s 25 Watershed Areas 

 

 

Research Project Village located in Mae Nam Kok Watershed (light brown) 

 

 

  
 

 

 
25 Major Watersheds in Thailand,  www.icharm.pwri.go.jp 
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Appendix 4: Map of Huai San and Huai Lu Village Locations 

 

 
B&B Map: Thailand North (2002). Furstenfeldbruck, Berndtson & Berndtson.  
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Appendix 5: Map of Lam Nam Kok National Park  

 

 

 
Globetrotter: Chiang Mai and Northern Thailand (2006). UK, New Holland Publishers. 

Huai Lu 
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Appendix 6: Map of Watershed within Chiang Rai Province  

 

 

 

 

 

 
 

 

 
Map provided by Chiang Rai Watershed Division Office 
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Appendix 7: Map of Watershed Area where Huai San is located. 

 

 

 

 

 

 
 

 

 

 

 

 
Map provided by Ban Pong Sa Lee Forestry Department 
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Appendix 8: Map of Huai San Village with Water Sources 

 

 

 
 

 
Map provided by Ban Pong Sa Lee Forestry Department 
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Appendix 9: Map of Watershed Area where Huai Lu is located 

 

 

 
 

 

 

 

 

 
Map provided by Mae Yao Forestry Department Office  
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Appendix 10: Ethnic Minority Population Summary 

 

 

 Ethnic Minority Groups       

 Karen Hmong Lahu Lisu Mien Akha Lua H'Tin Khamu Total 

Province Name           

           

Chiang Rai           

           

# of Villages 36 49 197 42 60 223 13 0 10 630 
# of 
Households 1,656 3,854 8,884 1,588 2,059 9,900 590 0 407 28,938 

# of Persons 7,559 29,720 48,958 9,759 13,268 56,955 4,230 0 2,275 172,724 

           

Chiang Mai           

           

# of Villages 675 57 153 74 5 33 29 0 0 1,026 

# of 
Households 27,607 2,946 7,136 3,187 247 977 2,385 0 0 44,485 

# of Persons 138,447 24,895 39,037 17,946 1,353 5,717 11,882 0 0 239,077 

           

All of Thailand           

           

# of Villages 1,925 250 409 153 173 273 65 156 40 3,444 
# of 
Households 87,793 19,082 18,361 6,530 6,692 11,387 4,178 8,435 2,212 164,670 

# of Persons 438,450 151,080 102,371 37,916 44,017 65,826 21,794 42,782 10,519 914,755 

 
Tribal Population Summary in Thailand (2002). Tribal Research Institute, Department of Public Welfare:  

Ministry of Labour and Social Welfare, Chiang Mai.  



Appendix 11: Rainfall Data 

 

Rainfall Data, Chiang Rai Airport 1951- 2006 

    

Year 
Annual Total Rainfall 

(mm) 
Total # of Rainfall 

Days 
Highest Daily 
Total (mm) 

    

2006 1935.2 136 78.3 

2005 1641.3 145 73.6 

2004 1757.4 140 82.6 

2003 1404.1 125 68.9 

2002 1752.6 163 138.6 

2001 2287.5 145 132.6 

2000 1639.1 146 81.2 

1999 1496.9 139 108.3 

1998 1571.8 130 81.7 

1997 1645.4 132 65.7 

1996 1387.2 132 53 

1995 1857.3 115 130.2 

1994 2160.3 143 113.8 

1993 1488.1 130 113 

1992 1543.3 114 118.6 

1991 1499.7 143 86.4 

1990 1652.4 127 105.2 

1989 1593.7 137 89.5 

1988 1720.2 142 73.5 

1987 1243.6 127 156.1 

1986 1473.4 133 135.3 

1985 1935.6 140 78.4 

1984 1576.4 130 116.9 

1983 1786.6 139 123.2 

1982 1577.7 133 157.8 

1981 1867.9 154 68.8 

1980 1852.4 140 86.3 

1979 1415.9 108 68.6 

1978 2220.3 138 103.4 

1977 2015.5 141 113 

1976 1582.3 118 93.2 

1975 2133.8 127 129.3 

1974 1561.7 132 95.9 

1973 1696.6 136 82.5 
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1972 1665.5 140 83 

1971 2207.4 143 97 

1970 2191.9 158 108.2 

1969 1795.2 125 116.3 

1968 1969.4 151 86 

1967 2101.8 149 96 

1966 1882.6 137 84.2 

1965 1615.1 127 106.9 

1964 1333.1 147 60 

1963 1627.2 119 117.7 

1962 1235.1 126 85.5 

1961 1478.5 145 67 

1960 1686.7 151 117.2 

1959 1764.5 167 110.1 

1598 1668.9 126 75.8 

1957 1762.9 129 79.3 

1956 2015.6 117 104.5 

1955 2025.1 109 84.9 

1954 1666.1 97 90.4 

1953 1953.3 109 134.4 

1952 1675.9 113 59.1 

1951 2241.7 128 125.4 

    

Averages 1741.73 133.80 98.08 

    

Max 2287.5 167 157.8 

Min 1235.1 97 53 
 

 

 
Data provided by the Thai Meteorological Department, Chiang Rai International Airport,  

Station Number 48303



Appendix 12: Number of Rainy Days and Total Amount of Rainfall per Month, 1986-2006 

 

 February  March  April  May  June  July  
2006 4 17.9 3 27.3 13 129.9 18 207.4 21 218 24 390.9 
2005 0 0 7 121.4 5 23.7 16 80.8 27 182.8 21 367.2 
2004 1 0.4 3 13.7 17 144.7 22 248.9 21 170.5 22 344.7 
2003 6 35.7 9 53.8 9 58.5 10 107 23 142.8 19 287.3 
2002 5 39 5 4.2 7 75.8 24 299.8 19 119.2 23 233.3 
2001 0 0 10 100 6 44.1 26 642.9 15 171.6 28 352 
2000 5 65.6 4 73.2 13 158.4 18 268.4 25 252.2 24 233.2 
1999 4 14.4 2 45.1 12 111 22 219.7 17 87 16 161 
1998 0 0 2 12.7 9 98.1 19 159 20 296.3 25 290.3 
1997 1 1.9 4 53.4 10 56.3 17 209.3 18 167.3 25 381.5 
1996 7 102.3 1 0.3 12 83.8 16 174.6 16 167.9 24 269 
1995 6 0 2 5.5 8 96.6 16 152.6 16 139.6 22 400.7 
1994 0 0 7 99.2 7 61.5 18 228.6 22 354.2 27 382.9 
1993 0 0 3 2.2 11 49.2 19 141.6 18 64.5 23 389.2 
1992 3 27.9 0 0 6 67 9 25.8 14 29.6 22 424 
1991 0 0 5 12 12 64.1 18 205.2 22 220 24 182.7 
1990 3 25.2 4 39.1 9 36.8 20 284.3 20 201.6 27 353.1 
1989 0 0 6 21.1 6 31 16 210.1 21 236.2 23 352.7 
1988 1 15.4 0 0 15 249.9 19 224.8 22 318.4 23 232.9 
1987 2 1.3 3 17.8 8 92.1 12 87.3 18 63.3 20 146 
1986 0 0 3 5.5 14 150 18 148.4 17 261 22 239.7 

Averages 2.29 16.52 3.95 33.69 9.95 89.64 17.76 206.02 19.62 184.00 23.05 305.44 
             

Averages from 1951 - 
2006 1.64 11.49 3.25 27.09 9.46 85.26 17.14 212.01 19.36 211.31 22 312.57 

             

Differences 0.65 5.03 0.70 6.60 0.49 4.38 0.62 -5.99 0.26 -27.31 1.01 -7.13 



Appendix 13: Historical Focus Group Question Guide 

 

WATER RESOURCES 

 

1. Where are the village water sources located?  How many sources are there?  How did 

the first people find the water source?  

 

2. Do you have different water sources for irrigation than for drinking water?   

 

3. If the water sources have changed, why have they changed?  What was the thinking 

behind this change? 

 

4. Please describe the various ways in which you collect or receive water for village use. 

 

5. Are any mechanical ways used to get water?  Pumps?  Wells 

 

6. Have you ever lost water sources, or have they disappeared? If so, how? 

What happens to people or groups when there sources disappear?  

 

7. Who has control over the water sources?  Are they communal or personal? 

 

8. Does your village use any dams for water collection?  If so, where are they, what size 

are they, is there available water all year round? 

 

9. How many other villages are dependent on the same water source? 

 

10.Where is your village located in relation to the water source? Upstream, Downstream? 

 

11. Do you have a map of your sources?  

 

12. Do you have any environmental problems related to your water sources?  Cut down 

forests, erosion, etc? 

 

13. Who has ownership of your land?  Your water?   

 

14. What role does the government have in your over your water sources? Do they 

control them or do you control them?   

 

WATER ACCESS 

 

1. What does your water system look like?  Who installed/built the water system?  Who 

paid for it?  Who maintains it?  What size are the water tanks?   

 

2. Does everyone in the village have access to water: both drinking water and irrigation 

water? 



 70 

 

3. If people carried water:  Who was responsible for carrying water? How long did it take 

to carry up water for their needs?  What did they use? 

 

4. What is the general quality of the water? 

 

5. How many people in the village buy bottled water?  Do water trucks visit the village to 

sell water? 

 

6. Sanitation system?  Toilets when did they come in?  What kind?  

 

7. Hot water?  Is it available, by fire, or with machines?   

 

8. Can you describe conflicts over water?  How many water conflicts arise on average in 

a year?  In the past as compared to now…more or less? 

 

9. How do conflicts get resolved?  Is there a water board or conflict resolution board?  Is 

it respected?   

 

10. Is the water regulated in any way?  Unlimited amounts? Drinking water compared 

with irrigation water?  Who regulates the water? 

 

WATER CAPACITY 
 

1. Who has control over the village management system? 

 

2. Who is responsible for the maintenance of the water system? 

 

3. What happens of part of the water system breaks, or another house is built that needs to 

be connected to it? 

 

4. Are there water committees?   

a. When where they established?   

b. How big are they?   

c. Who are members?   

d. How do people become members?   

e. What are the main responsibilities? 

f. What are the goals of the committee? 

g. Do they have future plans? 

h. Are they networking to other surrounding villages or government offices? 

i. Do they have a budget?  Where does it comes from? 

 

5. Are water issues and concerns discussed as a village?  In what way? 

 

6. Have there ever been education or informational meetings on water in the village?  

Who gave them?  In what fashion? 
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WATER USE 

 

1. How does the village use water?  

 

2. Is there sufficient amounts of water for the above mentioned uses? 

 

3. In what ways is water stored throughout the village? Personal or communal? How 

much? 

 

4. How is water released that is stored?  To who and on what basis?  Has this system  

worked? 

 

5. Is it ever necessary to ration water?  When, why? 

 

6. How is water transported?  What are the size of the pipes?  Is it possible to increase the 

size of the pipes to receive more water? 

 

DOMESTIC WATER USE 

 

1. How is water used in the home?  How much water do you think you use per day? 

 

 AGRICTULTURAL WATER USE 
 

1. What are the main water uses for agricultural uses?   

 

2. How much water is used in irrigation?  Does this come from personal or communal 

water sources? 

 

3. What do villagers do if they do not have a personal water source? 

 

4. How are personal water sources obtained? 

 

5. What crops did they used to grow?  What crops do they grow now?   

 

6. Do these crops need to be irrigated?  How much water do they need?  Have any 

methods been used to take advantage of rainfall? 

 

7. What is the main goal of the crops?  For personal use or for sale? 

 

8. How much land is being used and how much is being irrigated?   

 

9. Is there more available land in the area?  Or is all available land currently being used? 

 

 LIVESTOCK WATER USE 
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1. On average, how many livestock do villagers have? 

 

2. How much water is needed for livestock?  Is it sufficient?   

 

3. Are they any fishponds in the village?  How many?  Do the ponds always have water 

in them? 

 

 INDUSTRIAL/COMMERCIAL WATER USE 

 

1. Are there any business in the village that need water?  What are they?  How much 

water do they use? 

 

RELIGION 

 

1. Does religion play any role with water? What? Why? How? 

 

OTHER WATER ISSUES 

 

1. Have any other organization worked with water issues/problems in your village?  

 

2. Is the Thai government involved with water issues? 

 

ENVIRONMENTAL ASPECT 

 

1. How many droughts or floods have you experienced while living in this village? What 

years?  How severe were they?  Was anything done to deal with these problems? 

 

2. Have there ever been sicknesses in the village due to the water? Major outbreaks?  

When 

 

3. Has your main water source ever run dry? 

 

4. Where do you get water if your main water source is dry? 

 

General questions about the village (will just talk to the village leader about these 

questions) 

 

 Name of village 

 Population of village 

 Number of households 

 Size of village – if known 

 Total area of land under agricultural use 

 

General questions about the subject. 

 

 Name, Age, Occupation and how long each villager has lived in the village?  
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Appendix 14: Interview Guide 

 

Interview Questions 
 

Part I:   Learning to live with change and uncertainty 

 

1. Do you think that there are changes and uncertainties in your village, or things out 

of your control?  Which things? 

 

2. Do you think that the water situation in your village has changed over the last 40 

years?  In what ways?  Is it better or worse? 

 

3. What do you do to try and prevent disease in the water?  If chemicals are a 

problem, do you filter your water at all? 

 

4. Do you think that the water situation in your village is uncertain? 

 

5. How do you adjust or adapt to these changes in the water system 

 

6. Have you ever gone through a water crisis?  Drought, large fire?  Did you do 

anything after to try and solve the problem? 

 

7. What do you think are the most important uses for water? List them 1-….. 

 

8. How much financial investment have you put into your water system?  Drinking 

water and irrigation water?  Have you ever improved your system?  Do you have 

plans to continue to improve your water system in the future?     

 

9. When was the last time that the village‟s water system infrastructure was 

improved or upgraded?  What was done?   

 

10. Do you think that the village has a lot of water? 

 

11. Do you think that the water is secure?   

 

12. Do you think that you will have enough water for your needs in the future? 

 

13. Do you think that you will be able to expand agriculture in the future, with your 

current water supply? 

 

14. Do you know what you would do if there was not enough water?  Do you have 

any preparations for water shortage 

 

15. Do you know if there are other water sources that the village can use? 
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16. Who do you count on/rely on to help with water problems or issues in the village? 

 

17. Do you think that rainfall patterns have changed over the last 40 years?  In what 

ways?  How do you adapt to this change? 

 

18. What are you main water concerns for the future? Describe how you would deal 

with these problems.  Do you think the village can adapt to these changes as a 

whole? 

 

19. When you think about the future, how many years ahead do you think for? 

 

Part II   Nurturing, Learning and Adapting 
 

1. Can you describe what knowledge you have concerning the water of the village?  

Have you ever learned about water in a school setting? 

 

2. How do you pass this water knowledge to the next generation?  Do you think that 

water knowledge is being passed on to the younger generation?  If so, in what 

ways and how? 

 

3. Have you ever written down any of this knowledge on paper so that others in the 

village know about it? 

 

4. Do you think that it is important to write down this information?  Do you think it 

will be lost in the coming years?  Are there any other ways that this knowledge 

can be keep? 

 

5. Do you know if any kind of water research has been conducted in your village in 

the past?  Who did this?  Have you ever done any type of water research?  

Example, how much water is needed for a fruit tree?  Is it better to water at certain 

times of the day?  Do different kinds of irrigation work better? 

 

6. Do you think that more water research is needed?  If so, in what areas? 

 

7. Who do you think brings up new water projects or new ideas about water?   

 

8. How often does the village have water informational meetings or water training? 

What do they talk about?  Do you think that they should talk about other water 

issues? Which ones?  Should there be more meetings? 

 

9. Whose responsibility do you think it is to learn more about water issues?  Yours 

or the governments, NGOs or others…? 

 

10. Do you know of any sons or daughters of villagers that have come back to help 

the village with water problems? 
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11. Can you describe what the village water committee does to help the villagers 

learn more about water problems?  Do you feel that your learning has increased? 

 

12. Can you describe what the village water committee does to help prepare the 

villagers about possible future water problems?  Do you feel more prepared? 

 

13. Have you ever attended any water training workshops in the village or outside the 

village?  If so, when, given by whom? 

 

14. Do you usually try to deal with water problem before the problem happens, or do 

you only act after the problem has occurred and then try to fix the problem? 

 

15. Can you describe if you have ever tried to use water or to collect water in a more 

efficient way? If so, how have you done this? 

 

16. Do you think that there are possible other ways to collect/store/use water that are 

more efficient or could save more water? 

 

17. Have you ever meet with a government water/forestry official and talked about 

water problems with them?  If so, when, talked about what? Do you think it is 

important for the village to be in contact with the government about water?  Do 

you have faith/hope in the government? 

 

18. Have you ever met with other villages in the area and talked about water problems 

with them?  If so, when, talked about what?  Do you think that it is important to 

talk with surrounding villages about water issues/problems?   

 

19. Do you think there are any major problems/issues talking with the surrounding 

villages? If so, what are these issues?  Can they be overcome? 

 

Part III   Creating opportunities for self organization 
 

1. Can you describe in what ways the village works together in order to help one 

another?  In all ways? 

 

2. Can you describe in what ways the village works together in order to help one 

another in water issues? 

 

3. Do you feel that the village is united and can work together to deal with different 

kinds of problems that the village faces?  

 

4. When was the last time that the village worked on a project together?   

 

5. Do you think that villagers respect and obey the water rules that are in the village?   
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6. Do you feel comfortable bringing issues/problems to the water committee or to 

your headman?   

 

7. Who is responsible for meeting with government officials/other villagers?  Only 

one person, who do many people travel in a group to meet them? 

 


