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Extended Abstract (1/2)

Background: The Mae Tien watershed, located in Mae Wang District, Chiang Mai Province,
is a highland area that relies primarily on water from the Mae Tien stream and rainfall. The region
faces multiple challenges: 1) variability in rainfall volume and distribution, where mid-season dry spells
damage crops at early growth stages while intense storms often cause flash floods; 2) recurrent drought
cycles, occurring approximately every three years, resulting in severe shortages of water for domestic
consumption and agricultural production; 3) widespread cultivation on steep slopes (approximately
16-35%), leading to soil erosion and placing additional pressure on fragile headwater ecosystems; and
4) fragmented water management structures, which tend to focus on short-term, ad hoc solutions
without evidence-based databases or long-term integrative mechanisms. In recent years, communities
and local governments have implemented small-scale interventions such as repairing and constructing
check dams, establishing community reservoirs, and reforesting degraded lands. However, these
measures remain insufficient in relation to the growing water demand and the increasing risks posed
by climate variability and change.

Objectives and Methodology: This study aimed to 1) examine the water situation and
develop community water maps in the Mae Tien watershed, Chiang Mai Province, 2) analyze com-
munity participation processes in water management, and 3) propose integrated water management
approaches that are appropriate for highland contexts.

The study employed a Participatory Action Research (PAR) framework as the principal
mechanism for driving change in the Mae Tien watershed. PAR was deemed appropriate as it emphasizes
collaborative learning and knowledge co-creation between researchers and communities, which is
particularly relevant in complex highland contexts that require acceptance from multiple stakeholders.

Within this framework, the community was placed at the center of decision-making and water manage-
ment, while farmers, community leaders, local government officials, and Royal Project staff actively
engaged throughout the process. The methodological design can be summarized in five components:
1) Approach — Implementation of a PAR framework integrated with Geographic Information
Systems (GIS) to combine scientific analysis with participatory engagement.
gggg&:yag;% E'E:: -f-ALS 2) Participants — Involvement of approximately 190—155 stokehold.er.s, in‘cluding cc?mrTlunity
leaders, farmers (men, women, and youth), and representatives of local administrative organizations.
B 7 Pemeres 3) Data Collection — Use of multiple methods such as field surveys, community mapping,
and in-depth interviews, with all information consolidated into a GIS-based database for evidence-
ﬁ based planning.
4) Analysis and Validation — Joint analysis of rainfall, water balance, and land-use patterns,
followed by validation through community workshops to enhance accuracy, transparency, and shared

understanding.
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5) Action and Institutionalization — Development of watershed action plans and
establishment of local management networks to institutionalize collaborative governance and
ensure long-term sustainability.

Key Findings and Outcomes:

1) Water Situation and Balance: The Mae Tien watershed faces dry-season water
shortages and difficulties in managing excess water during the rainy season, particularly in

upland and downstream areas. Water balance analysis revealed that rainy-season supply

exceeded demand by ]‘ourfold yet streomﬂow dropped to 0.89 million m? against a demand of 1.41 million m? in February—April. Limited storage
capacity due to shallow tributaries, steep gradients, and unused seepage sources further constrained water availability.

2) Process Outcomes and Community Institutions: Communities established collective water-use agreements to ease upstream- downstream
conflicts and formed watershed committees with clear roles in resource maintenance. The creation of GIS-based maps and databases provided both
communities and local authorities with practical tools for evidence-based planning.

3) Spatial Measures and Natural Resource Management: These institutional gains were reinforced through targeted conservation measures,
including check dams, reforestation, buffer zones, and conservation agriculture on slopes. Such interventions reduced soil erosion and improved
water retention, enhancing ecological resilience.

4) Socio-Economic and Service Improvements: Improved water security enabled farmers to align cropping with available water, lowering
risks and stabilizing incomes. Pilot projects also strengthened local services through integrated water supply systems, solar-powered pumps,
communal tanks, and household metering.

5) Policy Recommendations and Planning Integration: The study emphasized integrating community water maps and GIS databases into
local and provincial development plans. Linking agencies across water, forestry, agriculture, and land management ensures coordinated investments
and long-term sustainability, consolidating outcomes at multiple levels.

Discussion and Implications: The study provides important insights into how participatory and evidence-based approaches can address
water management challenges in highland contexts. By integrating Participatory Action Research (PAR) with Geographic Information Systems (GIS),
the research not only generated technical solutions but also strengthened community institutions and created pathways for sustainable policy
integration. The key implications are as follows:

1) Integration of PAR and GIS — Combining scientific data with local knowledge enhanced transparency, community ownership, and
evidence-based planning, in line with IWRM principles.

2) Institutional Strengthening — Establishment of water-use agreements and watershed committees reduced upstream-downstream conflicts.

3) Environmental Sustainability — Targeted conservation measures (check dams, reforestation, buffer zones, conservation agriculture)
improved water retention and reduced soil erosion.

4) Socio-Economic Benefits — Improved water security enabled adaptive cropping, stabilized household incomes, and enhanced services
through solar-powered pumps and communal water systems.

5) Policy Integration — Embedding community water maps and GIS databases into local and provincial development plans ensures
coordinated investment and scalability to other highland watersheds.

Conclusions: This study demonstrates that integrating PAR with GIS provides an effective framework for addressing complex water
management challenges in highland communities. By combining scientific evidence with local knowledge, the research produced practical tools such as
community water maps and GIS databases, while also strengthening community institutions through collective water-use agreements and watershed
committees. These efforts were reinforced by targeted conservation measures that improved ecological resilience and enhanced water security. At
the same time, socio—economic outcomes were evident in the stabilization of household incomes and improved community services. Importantly,
embedding community-based knowledge into local and provincial planning  processes ensures that both structural and non-structural investments
are coordinated for long-term sustainability. Overall, the Mae Tien watershed case offers a transferable model for other highland regions facing
similar socio-ecological challenges.
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Figure 1 Characteristics of the Mae Tien Watershed Community and Associated Problems; (a) Physical characteristics of the Mae

Tien watershed, (b) Agricultural areas located on steep slopes, (c)

Agricultural areas along the Mae Tien River, (d) A domestic-use

pond that has dried up, with no inflow during the dry season, and (e) Agricultural areas at the lower end of an earthen irrigation

canal experiencing water shortages during the dry season
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Table 1 Key community-level problems and challenges in the Mae Tien watershed

Ban Huai Highland vegetables such as | Upper catchment | Located on steep slopes prone to soil erosion; limited water storage

Yen lettuce and passion fruit zone capacity; seasonal water shortages during the dry season.

Ban Mae Rice and homegrown vegetables | Upper catchment | Irreqular rainfall distribution and mid-season dry spells reduce yields;

Tien zone deteriorated check dams and insufficient irrigation networks.

Ban Pong Field crops such as maize and | Upper catchment | Expansion of agricultural land encroaching on headwater forests,

Samit mixed vegetables zone leading to forest degradation and soil erosion.

Ban Huai Rice and temperate vegetables | Middle reach zone | Flooding during the rainy season and severe drought during the dry

Khao Leap season; poor drainage systems reduce agricultural productivity.

Ban Huai Rice, lettuce, and floricultural | Middle reach zone | Severe agricultural water shortages in the dry season (~170 rai

lkhang crops without irrigation); insufficient and poor-quality domestic water;
filtration system malfunctioning.

Ban Thung | Economic fruit trees such as | Lower catchment | Agricultural areas on degraded sloping land; recurrent droughts

Luang avocado and passion fruit zone during the dry season; dependency on the Royal Project’s assistance.

Ban Huai Rice, fruit trees, and seasonal | Lower catchment | Stream flow dries up during March—April; poor raw water quality;

Sai vegetables zone long-term need for reservoir construction to improve water security.
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Figure 2 Participatory process with stakeholders
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Figure 3 Spatial data survey and collection; (a) Development of community-based water system maps with local representatives,
utilizing aerial imagery from Google Earth in combination with physical baseline data from the GIS database, (b) Community
leaders providing in-depth information on agricultural production, water use, prevailing problems, and past solutions, (c) Field survey

of water storage and distribution systems for domestic consumption, and (d) Field survey of water systems for agricultural purposes
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Figure 4 GIS-based spatial database of the Mae Tien watershed
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Figure 5 Spatial database constructed using GIS for the Thung Luang Royal Project area; (a) Watershed boundaries, (b) Slope

gradient, (c) forest ecosystem types, and (d) land use distribution
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Figure 7 Water balance between water supply and agricultural water demand in the Mae Tien watershed in 2023

Table 2 Monthly water balance in the Mae Tien watershed in 2023

January 0.58 0.67 -0.09
February 0.50 0.67 -0.17
March 0.05 0.67 -0.62
April 0.04 0.67 -0.63
May 3.04 2.07 0.97
June 3.49 1.74 1.75
July 4.55 1.58 2.97
August 6.30 0.22 6.08
September 7.21 0.57 6.63
October 2.54 0.75 1.79
November 1.17 0.67 0.50
December 0.90 0.67 0.23

Total 30.37 10.95 19.42
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Table 3 Key issues (pain points) and community-based solutions

Watershed level

Water source areas

1. Declining proportion of watershed forest due to agricultural encroachment,
reducing water vyield, storage, and release; lack of continuous forest
conservation/restoration (e.q., zoning, community forest groups, reforestation,
check dams).

2. Encroachment at forest—farmland boundaries, causing forest degradation.

Establish forest zoning; strengthen local
forest conservation and rehabilitation groups;
promote reforestation and small check-dam
construction.

Water storage and distribution systems

1. Tributaries of Mae Tian streams are short, narrow, and steep, unable to
retain sufficient rainy-season water for dry-season use.

2. Community seepage springs remain underutilized, lacking water storage
infrastructure for dry season.

Develop community-based small storage
structures; improve utilization of seepage
springs.

Water balance (Supply vs. Demand)

1. Agricultural lands at foothills and downstream canals face dry-season
water shortages.

2. Water availability is lower than agricultural demand, indicating drought
risks in years with reduced rainfall.

Develop efficient irrigation systems; promote
water-saving agricultural practices; introduce
drought-resilient cropping systems.

Watershed governance

1. Unclear water governance structure due to lack of technical support,
limiting ability to balance supply and demand.

2. Limited community participation in watershed and forest conservation.
3. Lack of spatial databases to support decision-making at community,
local, and governmental levels.

Establish watershed governance frameworks;
promote participatory water and forest
management; develop integrated spatial
databases for planning.

Community level
— Ban Huai Ikhang

Agricultural water use

1. ~170 rai (27 ha) in Huai Pong Kia lacks dry-season irrigation, but farming
is mainly for subsistence in rainy season, not commercial.

2. Upland/sloping fields grow subsistence rice under rainfed conditions.

3. Lowland farms benefit from Mae Tian stream and canal system, no
water shortage.

4. ~93.75 rai (15 ha) downstream canals lack water in dry season; farmers
need to adjust crop systems (previously lettuce and flowers).

Promote cropping systems suited to available
water; strengthen canal management; explore
supplementary irrigation for dry-season
fields.

Domestic water use (123 households, 560 people)

1. Annual domestic water yield at check dam: 47,619 m3/year.

2. Dry-season yield: 2,277.72 m3.

3. Insufficient domestic water in dry season.

4. Poor water quality, filtration system from LAQO inoperative due to lack of
knowledge and maintenance; only one treatment point available.

Develop a village-wide domestic water
system with tank-based distribution and
household meters; utilize seepage wells with
solar-powered pumps to supply storage
tanks.

Community level
— Ban Huai Sai

Agricultural water use

1. No serious agricultural water shortage, except delayed rice planting
during low rainfall in July.

2. Presence of “Kaem Huai” water user groups maintaining irrigation canals,
with rotational water allocation (“Taang Nam”); LAO supports canal
management.

Continue strengthening water user groups;
improve irrigation scheduling during early
rainy season.

Domestic water use (60 households, 240 people)

1. Annual domestic water yield at check dam: 70,733.52 m3/year.

2. Dry-season yield: 3,383.33 m3.

3. Shortage of domestic water during March-April due to dried-up streams.
4. Water tanks sufficient in number, but lack inflow in dry season (only one
source: Huai Pu Ton).

Government plans to construct a reservoir at
Huai Pu Ton (Highland Land Development
Office), which would resolve shortages;
enhance water filtration systems and
community maintenance capacity.
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Table 4 Spatial water management plans: Objectives, actions, and stakeholders

Plan 1:

Conservation and

- Increase water yield and
storage capacity

rehabilitation of - Restore headwater ecosystems

- Demarcate conservation forests, community
forests, and degraded forests

- Construct check dams, water pockets,
firebreaks, and wet fire lines - Reforest with
the “Three Forests, Four Benefits” approach
- Organize traditional rituals (forest ordination,

forest blessing, water spirit worship)

Community leaders, youth groups,
forest conservation groups, Mae
Win Subdistrict Administrative
Organization, Thung Luang Royal
Project Development Center,
Royal Project Foundation, forestry

and natural resource agencies

headwater - Reduce soil erosion and
forests strengthen conservation culture
Plan 2: - Enhance efficiency of storage

Improvement of | and distribution systems

water storage - Maintain groundwater balance

and distribution - Reduce flood risks and enrich

- Dredge reservoirs, build sediment - trapping
weirs, clean irrigation canals
- Expand seepage ponds and plant trees

around wetlands

Water user groups, farmers, Mae
Win Subdistrict Administrative
Organization, Thung Luang Royal

Project Development Center,

nuous water management

maintenance, rules)
- Build watershed networks to set local

regulations and joint development plans

Infrastructure wetland ecosystems - Repair diversion weirs and rehabilitate | Chiang Mai Provincial Office of

tail-end ponds Natural Resources and Environment
Plan 3: - Improve food security - Establish pilot farmer groups for mixed and | Farmer groups, District/Subdistrict
Agricultural - Reduce risks related to water, | staggered cropping and integrated farming | Agricultural Office, Thung Luang
land use crop yields, and climate variability | - Convert upland rice fields to fruit orchards | Royal Project Development Center
management - Promote sustainable modern | (avocado, passion fruit)

crop production - Promote smart farming, reduce external

inputs, produce bio-fertilizers

- Demonstrate soil and water conservation

plots
Plan 4: - Strengthen community water | - Establish conservation groups for headwater | Irrigation water user groups,
Establishment management organizations forests (reforestation, check dams, firebreaks, | community leaders, Mae Win Sub-
of water - Reduce upstream-downstream | patrols) district Administrative Organization,
management conflicts - Form water user associations based on | Thung Luang Royal Project Devel-
groups - Ensure sustainable and conti- | traditional weir—canal systems (water allocation, | opment Center, Royal Irrigation

Department, Chiang Mai Provincial
Office of Natural Resources and

Environment
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Figure 10 Water management scheme for domestic consumption in Huai lkhang community; (a) Schematic diagram of the

domestic water supply system and (b) Schematic diagram of the Reverse Osmosis (RO) drinking water production system

Figure 11 Water management scheme for domestic consumption in Huai Sai community; (a) Schematic diagram of the domestic

water supply system and (b) Schematic diagram of the Reverse Osmosis (RO) drinking water production system

Figure 12 Community Collaboration for the Development of Domestic Water Supply Systems; (a) Surveying potential locations

for constructing community-level water storage tanks and (b) Assessing household water storage and distribution systems
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Figure 13 Governance structure of the watershed management network in the Mae Tien watershed
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Figure 14 Management of databases and utilization of information for watershed-level water governance in the Mae Tien watershed
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