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EXECUTIVE SUMMARY 

The report sets out concepts for nature-based solutions (NbS) to be demonstrated within a network 
of collaborative projects conducted by Cambodia and Thailand for strengthening urban and rural flood 
and drought resilience in the 9C-9T sub-basin. The 9C-9T is a shared river network flowing down to 
the Tonle Sap comprising the Cambodian area called the Mongkol Borey river basin and the Thai area 
named the Tonle Sap River basin. Both parts of the sub-basin, and hence the two countries, are bound 
together in their shared management challenges and solutions. Mitigating flood and drought is the 
overarching objective because of their far-reaching impacts on every aspect of life in the sub-basin, 
with the threat to become more severe as climate changes take hold.  

Scope  

This report covers three degraded landscapes in each country that are in urgent need of restoration.  
The network of NbS and hybrid projects for each landscape have been defined by the National Working 
Groups (NWG), established in each country and chaired by the Cambodian Ministry of Water 
Resources and Meteorology (MOWRAM) and the Thai Office of National Water Resources (ONWR). 

The landscapes represent a diversity of ecosystems, infrastructure assets, and flood and drought 
challenges within Cambodia and Thailand. Some are transboundary in nature ς and all aim to 
demonstrate restoration using NbS and hybrid measures across headwaters, rural landscapes, and 
peri-urban and urban areas. The network of demonstration measures in each landscape will 
contribute to reducing flood and drought risk and bring multiple benefits ς strengthening hard 
infrastructure resilience and ecological integrity and connectivity, the management and improvement 
of water quality, the conservation of water resources, and the restoration of watersheds and degraded 
forests. The proposed measures are the focus of an economic cost benefit analysis so that 
governments have the needed information to justify ongoing national and local government budget 
commitments.    

9C-9T Flood and Drought Master Plan alignment and use 

The NbS project descriptions are at the conceptual stage for further development with lead 
implementing agencies during Master Plan implementation during 2023 onwards. The projects are a 
starting point leading to architectural landscape drawings and then detailed engineering design. This 
report is intended for use by agencies responsible for 9C-9T Master Plan Outcome 2 implementation.   

A network of nature-based solutions for six priority project concepts 

NbS use a set of structural and non-structural interventions that protect, manage, restore, or create 
natural features. NbS measures should build on, restore and extend the fragments or corridors and 
networks of natural systems that remain in a landscape. Any NbS initiative must achieve win-win 
outcomes and adhere to several core principles.  

Each project concept outlined below present a network of NbS interventions to build flood, drought 
and ecosystem resilience. These six landscapes provide for the demonstration of 15 specific nature 
based and hybrid solutions laid out in networks across connected forest, agricultural and urban 
landscapes. Proposed measures include rehabilitation of degraded upper catchments and drainage 
corridors; restoration and expansion of forest cover and wetlands; canal, river and reservoir 
rehabilitation including vegetated buffers, sediment trapping and bank stabilization; vegetated buffers 
on boundaries of agricultural fields and along roads; and a wide range of NbS in urban areas, including 
swales, rain gardens, constructed wetlands, expansion of green space and urban forest canopy cover. 
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1. Samlaut Multiple Use Area (Battambang, Cambodia) & Khlong Kreua Wai 
Chaleum National Park (Chanthaburi, Thailand)

ωDrivers, impacts and selection factors: Protected area encroachment, watershed 
and forest degradation with downstream impacts

ωProposed interventions: Watershed rehabilitation, protected area ecological 
restoration, protected area management (forest restoration, riparian buffers)

2. Khao Soi Dao Wildlife Sanctuary and Pong Nam Ron (Chanthaburi, Thailand)

ωDrivers, impacts and selection factors: Forest fragmentation, protected area 
encroachment (agriculture and hunting), biodiversity loss

ωProposed interventions: Establishment of forest corridors in critical watersheds, 
protected area management (forest restoration, sustainable irrigation), Urban 
waste and stormwater management through nature-based measures (retention of 
runoff, river rehabilitation, urban greening)

3. Sompoi, Taduang and UN reservoirs (Sa Kaeo, Thailand)

ωDrivers, impacts and selection factors: Low water availability, high drought 
frequency, soil erosion and sedimentation, protected area and buffer area 
encroachment

ωProposed interventions: Reservoir and watershed rehabilitation and management 
(riparian buffers, sediment traps, forest restoration, nature-based drainage, 
sustainable irrigation and agricultural buffers, catchment water management) 

4. Poipet (Banteay Meanchey, Cambodia) & Aranyaprathet (Sa Kaeo, Thailand)

ωDrivers, impacts and selection factors: Wastewater management issues, low water 
availability, moderate flood risk, high frequency of drought

ωProposed interventions: Cross-border waste and stormwater management through 
nature-based measures (urban greening, river rehabilitation, sediment traps, water 
retention, drainage improvements, nature-based retention, constructed wetland)

5. Kamping Puoy Reservoir (Battambang, Cambodia)

ωDrivers, impacts and selection factors: High flood risk, forest to agriculture 
transitions, wetland encroachment, low water availability, soil erosion, sedimentation

ωProposed interventions: Reservoir, wetland and watershed rehabilitation and 
management (riparian buffers, sediment traps, forest restoration, 
reservoir/wetland zoning, catchment water management, sustainable irrigation) 

6. Ang Trapeang Thmor Lake and Protected Forest (Banteay Meanchey, 
Cambodia)

ωDrivers, impacts and selection factors: Protected area encroachment, biodiversity 
loss, forest to agriculture transitions, soil erosion and sedimentation, increasingly 
drought frequency

ωProposed interventions: Sediment management, watershed rehabilitation and 
protected area management (forest restoration, riparian buffers, water 
management, sustainable irrigation, agricultural buffer, sediment traps)

 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

  

Implementation 

Further development of the project concepts will be progressed as the 9C-9T Master Plan is 
implemented with national and international funding contributions. The project concepts will be 
included in international funding applications from 2023. Once national and international funding is 
secured, detailed designs for each project concept and their network of NbS will be developed, 
accompanied by comprehensive assessments, plans and stakeholder engagement, as outlined in the 
9C-9T Master Plan. Cross-sectoral and multi-level cooperation nationally/bilaterally will be essential 
for successful implementation of NbS for flood and drought resilience.  
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 INTRODUCTION  

 The 9C-9T river basin  

In 2018, Cambodia and Thailand established a collaborative governance structure for management of 
the shared 9C-9T sub-basin under the auspices of the Mekong River Commission (MRC). The aim of 
this arrangement is to facilitate a joint planning and implementation process to restore the 9C-9T sub-
basin as the foundation for flood and drought resilience.  

This shared river network flows down to the Tonle Sap Lake and comprises the Cambodian area called 
the Mongkol Borey river basin and the Thai area named as the Tonle Sap River basin. Mitigating flood 
and drought is the overarching objective of the Joint Project because of their far-reaching impacts on 
all aspects of life in the 9C-9T sub-basin, with the threat increasing as climatic changes proliferate.  

Key drivers of flood and drought have been identified as population growth and associated pressures 
such as deforestation, largely uncoordinated hard infrastructure development altering hydrological 
function, and climate change exacerbating watershed degradation. Both parts of the sub-basin, and 
hence the two countries, are bound together in these shared management challenges in an area that 
has degraded to such an extent that it is impeding economic development and social well-being.  

Figure 1: 9C-9T boundary and sub-basin 

 

 The 9C-9T master plan 

In response, in December 2021, the two governments endorsed the 9C-9T Flood and Drought Master 
Plan with a focus on basin-wide rehabilitation of the 9C-9T sub-basin to bring back ecological health 
through nature based and hybrid solutions that reinforce and leverage existing and planned 
investments in hard infrastructure. This Master Plan was prepared through this collaborative structure 
to reflect and integrate the work of the two countries to date, with a clear action plan for 
implementation starting from 2022. It provides the strategic framework to scale up investment for 
flood and drought resilience of the 9C-9T sub-basin in five strategic areas ς river basin planning, 
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regional capacity building, strengthening of urban and rural flood and drought resilience, 
hydrometeorological and early warning and data sharing. The concepts presented in this report 
initiate definition of projects as specified in the 9C-9T Flood and Drought Master Plan and Action Plan, 
under Outcome 2.1, 2.2 and 2.3.1  

 The NbS project concepts 

This report presents initial concepts for nature-based solutions (NbS) to be demonstrated within a 
network of collaborative projects conducted by Cambodia and Thailand for strengthening urban and 
rural flood and drought resilience in the 9C-9T sub-basin. These NbS project concepts have been 
developed through intensive Geographic Information Systems (GIS) analysis, field survey and 
consultation under the Joint Project on Flood and Drought Management for the 9C-9T sub-basin 
(Figure 1). They aim for rehabilitation of the 9C-9T sub-basin through nature based and hybrid 
solutions linked to existing hard infrastructure.  

At this stage the focus is on initial conceptual design of NbS measures. Detailed engineering design 
will be developed at a later stage under the Master Plan implementation process. 

Six projects located in degraded landscapes have been identified by the Cambodian and Thai National 
Working Groups (NWG). Some are transboundary in nature ς and all aim to demonstrate a network 
of nature based and hybrid solutions across the sub-basin in headwaters, rural landscapes, and peri-
urban and urban centres. The network of measures in each landscape will contribute to reducing flood 
and drought risk, to strengthen hard infrastructure resilience, ecological integrity and connectivity, 
the management and improvement of water quality, the conservation of water resources, and to the 
restoration of watersheds and degraded forests.  

The overall goal is to demonstrate measures that can be replicated, upscaled and rolled out across the 
ōŀǎƛƴΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭΣ ǳǊōŀƴ ŀƴŘ ƘŜŀŘǿŀǘŜǊǎ ƭŀƴŘǎŎŀǇŜǎ ŀǎ ŀ ŎƻƴƴŜŎǘŜŘ ƴŜǘǿƻǊƪ ǎƻ ǘƘŀǘ ǘƘŜƛǊ 
cumulative impact will substantially reduce the risks of flood and drought. Two projects seek to 
rehabilitate reservoirs and their catchments, a further three are focused on protecting headwaters 
and protected area landscapes, while one other aims to safeguard investments in urban areas either 
side of the major Cambodia-Thailand border crossing from Poipet into Aranyaprathet by increasing 
water retention and infiltration to reduce flood and drought and to improve water quality. 

 Purpose, scope and application of the report  

With the goal of rehabilitating the 9C-9T sub-basin in mind, this report identifies an initial set of NbS 
projects to reduce the risks of flood and drought in specific locations as the targets for priority 
investment under the 9C-9T Flood and Drought Master Plan. 

This report outlines an NbS approach for flood and drought risk within target landscapes. It presents 
the mapping of thirteen priority landscapes identified as having high risk of flood and drought and 
suffering from serious ecosystem degradation, affecting existing infrastructure and community 
livelihoods. Those locations were reduced to six priority landscapes to be targeted for more detailed 
field-based investigation, to confirm and detail their suitability for NbS demonstrations by the Joint 
Project.  

 

 

 

1 Outcome 2.1: Strengthened urban flood and drought resilience through innovative climate-sensitive and ecosystem-based 
planning tools and adaptation interventions. 
Outcome 2.2: Strengthened rural flood and drought resilience through ecosystem-based planning tools and adaptation 
interventions. 
Outcome 2.3: Rehabilitated basin headwaters and wetlands, to improve water security and climate resilience through 
ecosystem-based adaptation interventions.  



GIZ and MRC| Mekong River Commission ς Joint Project on Flood and Drought Management| ICEM ς COT - PPIC  
A Network of Nature based Solutions to Implement Component 2 of the 9C-9T Flood and Drought Master Plan.  

Initial Project Concepts ς June 2023 
 

  5 

 

These six project concepts are presented in detail as individual chapters, each consisting of the 
following components: 

1. A project overview and objectives,  

2. An outline of the project alignment to the 9C-9T Masterplan,  

3. The implementing stakeholders, including the leading and supporting agencies for the 

particular project location and alignment with lead agency priorities; 

4. A site description;  

5. An assessment of the flood and drought drivers and impacts; 

6. The nature based and hybrid solutions concepts proposed, including concept design; and  

7. An overview of project benefits. 

The six project concepts ς each with a network of multiple NbS ς relate to transboundary landscapes 
crossing the international border between Cambodia and Thailand, and specific landscapes entirely 
within each country. The landscapes cover various major developments and infrastructure all 
depending on the restoration and maintenance of ecosystem services for their sustainability and 
productivity ς i.e. urban areas (Aranyaprathet in Thailand and Poipet in Cambodia for example), 
industrial zones and transport corridors, large irrigation reservoirs and canal networks, and extensive 
areas of private agricultural development. The landscapes also bring in many forms of land tenure and 
management from protected areas in the headwaters, large scale commercial enterprises relating to 
plantations and industry, small scale private commercial allotments and government areas and 
infrastructure. 

These NbS project descriptions in this report are at the conceptual stage for further development with 
lead implementing agencies during Master Plan implementation in 2023 onwards. The NbS river 
channel rehabilitation concept for the sister projects in Aranyaprathet and Poipet (Project 4) has been 
taken further in design based on hydrologic modelling to illustrate the benefits of NbS measures in 
reducing flood levels and management. 

This report is intended for use and application by government agencies, river basin planners, provincial 
development authorities, city planners and private developers. It is an essential initial roadmap for 
implementation of Outcome 2 of the Master Plan.   
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 THE IMPORTANCE OF A NATURE-BASED SOLUTIONS APPROACH 
FOR THE 9C-9T SUB-BASIN 

 Defining the nature-based solutions approach 

NbS have not been systematically applied in Cambodia and Thailand. It is therefore important to 
define the NbS approach used in this report ς and underlying the 9C-9T sub-basin Master Plan.  

Nature-based solutions are άactions to protect, conserve, restore, sustainably use and manage natural 
or modified terrestrial, freshwater, coastal and marine ecosystems, which address social, economic 
and environmental challenges effectively and adaptively, while simultaneously providing human well-
being, ecosystem services and resilience and biodiversity benefitsέ.2  

This report aligns with the IUCN Global Standard for Nature-based Solutions3 and the principles 
outlined by the Nature-based Solutions Initiative45. NbS comprise the protection, restoration and/or 
sustainable management of natural and semi-natural ecosystems; in natural areas or working lands 
(cropland or forestry land); including the creation of new ecosystems in and around urban areas or 
across wider natural or agricultural landscapes6. 

NbS use a set of structural and non-structural interventions that protect, manage, restore, or create 
natural features. NbS measures should build on, restore and extend the fragments or corridors and 
networks of natural systems that remain in a landscape. If nature-based and hybrid solutions are 
present then further NbS interventions should reinforce and enhance them on the understanding that 
it is the cumulative impact of an expanding network of nature-based measures that counts.  No single 
NbS initiative will achieve the wider outcomes needed in terms of protection of infrastructure and 
ecosystem services.  

NbS innovation needs to follow a hierarchy approach as set out in Figure 2. 

Figure 2: Hierarchy of approaches for NbS. Adapted from World Bank (2021) 

 

 

2 The formally agreed definition under the United Nations Environment Assembly (UNEA). 
3  IUCN (2020). Global Standard for Nature-based Solutions. A user-friendly framework for the verification, design and scaling 

up of NbS. First edition. Gland, Switzerland: IUCN 
4 Nature-based Solutions Initiative (2021). Nature-based solutions to climate change: key messages for decision makers in 

2021 and beyond. https://nbsguidelines.info/  
5 Supporting the goals of the UN Decade on Ecosystem Restoration, from 2021 through 2030 
6 NbS is an umbrella concept covering green, blue-green, bioengineering and natural infrastructure as sub-categories 

although the terms are often used interchangeably. For the purposes of this report, NbS will be the term used to bring in 
those other concepts. Hybrid measures combine NbS and elements of hard or grey infrastructure ς they are the most 
common approach when combined with hard infrastructure or existing well-developed landscapes such as urban centres. 
Hybrid measures can include, for example, green roofs and walls, bioswales, rain gardens, water retention structures, 
sediment traps, canal or river vegetated buffers, permeable paving, urban tree canopies, urban parks and community green 
spaces. 
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Any NbS initiative must achieve win-win outcomes and adhere to several core principles. The 9C-9T 
Joint Project will promote the following principles and approach throughout the planning, 
identification and development of NbS in the sub-basin: 

1. Prioritising the protection of existing natural systems and NbS; enhancement and restoration 
of degraded areas, and the creation of new NbS in networks across sites and landscape; 

2. Building on existing natural landscapes and processes;  
3. Strengthening natural processes using native species and assemblages seeking net gain in 

biodiversity; and   
4. Involving the right stakeholders, which includes local communities and those that are most 

affected and key to NbS establishment and maintenance.  

NbS need to be applied taking an ecosystem approach, with the aim of rehabilitating and conserving 
ecosystem structure and function, so that ecosystem services and biodiversity are enhanced.  

 Why take a nature-based solutions approach for the 9C-9T sub-basin? 

 The challenges 

The 9C-9T basin is seriously degraded and needs to be rehabilitated. Integrated planning and 
transboundary impact assessment of development within the 9C-9T sub-basin is absent.  
Infrastructure, urban and agricultural expansion, and encroachment on headwaters has continued 
without concern for ecological sustainability and the maintenance of ecosystem services.  Therefore, 
the benefits of healthy ecosystems for flood and drought resilience and security in water supply and 
quality are being lost in both countries upstream and downstream. There is little on the ground 
investment in restoration of watersheds within the 9C-9T sub-basin or neighbouring areas. Most 
investment goes to reservoirs, irrigation systems, dams and transport infrastructure, which suffer 
from increasing watershed erosion, sedimentation and flood damage. 

The role and potential application for NbS are not well understood. Skills, policies, standards, and high-
level commitment are required in both countries for systematic field implementation within the 
context of integrated river basin planning. A wide range of capacities are needed to fully integrate NbS 
and the requirements of ecosystem maintenance into investments and field practice on a cross 
sectoral basis.  

 The importance of a landscape scale approach 

The introduction of NbS measures needs to go beyond site level, to take a landscape or watershed 
perspective so that upstream/downstream processes and influences are taken into account. Where 
the scale of the needed NbS innovations extends beyond jurisdictional boundaries, suitable 
mechanisms must be in place to enable joint decision-making by stakeholders. 

Flood and drought drivers, impacts and interventions upstream have knock-on effects downstream. 
The effects of floods and drought are particularly severe in the downstream areas. Those conditions 
are exacerbated by forest loss and degrading land uses in upstream and head water areas. Their 
effective management has a critical role in moderating flood and drought extent and severity across 
the 9C-9T sub-basin. 

 A focus on demonstration 

The 9C-9T NbS approach is to concentrate on piloting and testing a collection of small to medium scale 
NbS measures, rather than implementing large scale schemes. This will be achieved by identifying a 
network of NbS demonstration sites within each landscape.  

Ultimately, the ambition is for such measures to be scaled up and replicated across priority landscapes 
and within the wider 9C-9T sub-basin, in line with the Flood and Drought Master Plan.  
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 IDENTIFYING PRIORITY LANDSCAPES TO DEVELOP A NETWORK 
OF NBS DEMONSTRATION PROJECTS  

The following section outlines the process for identifying priority demonstration landscape areas to 
implement a network of NbS interventions in the 9C-9T. The process is outlined in Figure 3.  

 Figure 3: Steps for identifying priority landscapes to develop a network of NbS interventions 

7 

 NbS concept preparation process 

Preparation of the project concepts has been conducted with the cross sectoral NWGs established in 
both countries chaired by the Cambodian Ministry of Water Resources and Meteorology (MOWRAM) 
and the Thai Office of National Water Resources (ONWR). The process followed is shown in Figure 4, 
with the first step being a desktop assessment to evaluate potential landscapes according to 
restoration needs ranking followed by field missions to identify and document priority sites in 
consultation with local stakeholders.  

 

7 No site visit was conducted to the Samlaut Multiple Use Area (Cambodia) and Khlong Kreua Wai Chaleum National Park 
(Thailand) to support design. This was therefore achieved through secondary data and spatial analysis. Future field missions 
will allow for detailing of the NbS network in these critical biodiversity areas and headwaters. 

Priority demonstration landscapes selected for development of 'NbS project concepts' 

Long list of 13 reduced to a short 
list of 6 priority projects for 

conceptualisation

In-depth field missions and 
consultations undertaken at each 

landscape6

Conceptual design for a network 
of NbS interventions within the 

landscapes

Identification of long list of possible demonstration landscapes

13 locations identified based on 
watershed assessment and sub-

catchment scoring

High-level field missions to 
identified areas

Consultation with project 
stakeholders on possible 

demonstration landscapes

Sub-catchments scoring and selection

Ranking of 9C-9T sub-catchments for drought, flood, erosion, biodiveristy and socio-economic

Initial watershed assessment and infrastructure prioritisation process 

Identification of at-risk watersheds, infrastructure in need of improved flood and/or drought 
resilience and hotspots for flood and drought
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Figure 4: Consultation and assessment process to inform NbS concepts 

 

 

 

 

 

 

During 2021-22, four field missions in each country have been conducted to prepare the concepts. 
The mission objectives were to collect more detailed information from the local level, further specify 
potential sites for measures at each location, and check assumptions about conditions on the ground 
based on advice from local authorities and field inspection - with activities as follows:  

1. Collection of onsite observations, photos and survey information using the Fulcrum Mobile 
Data Collection App; 

2. Survey estimates of on-site dimensions using a laser distance measurer; 
3. Onsite written reports based on field observations and discussions with local stakeholders; 

and 
4. Roundtable meetings and discussions with provincial authorities.  

This process resulted in identification and discussion of specific sites where demonstration projects 
could be feasible and preparation of the initial project concepts. Through the collaborative projects, 
the two countries can coordinate actions to invest in and grow a linked network of ecosystem-based 
adaptation across the sub-basin.  

 Initial watershed assessment and sub-catchment prioritisation process  

A watershed assessment was conducted as the starting point for identifying priority landscapes for 
watershed rehabilitation, existing infrastructure in need of improved resilience, and hotspots for flood 
and drought. Existing water infrastructure in the 9C-9T sub-basin is shown in Figure 5. 

 

 

 

 

 

PHASE 2 

3. Identify hybrid and nature-based responses and 4. Consultation and concept design 

NWG#1 (Apr Ψ22) NWG#2 (Jun Ψ22) NWG#3 (Dec Ψ22) 
PHASE 3 

Consulted with Cambodia and Thailand 
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Figure 5: Water infrastructure within the 9C-9T sub-basin 

 

Priorities were identified based on spatial analysis, remote sensing, and ground truthing. The 9C-9T 
sub-basin was divided into 18 catchments (Table 1: Sub-catchment scoring matrix Figure 6) that were 
subject to assessment and ranking according to rehabilitation need. Annex 2 of the 9C-9T Flood and 
Drought Master Plan provides details of this watershed assessment. Highly ranked sub-catchments 
are identified in Table 1. 

Table 1: Sub-catchment scoring matrix  

Basin 
ID 

Drought 
Risk Score 

Flood 
Risk 
Score 

Erosion 
Risk 
Score 

Biodiversity 
Conservation 
Score 

Socio-
economic 
Score 

Total 
Score 

Ranking 

S1344 4 5 4 3 5 21 1 

S0810 5 3 5 4 3 20 2 

S1443 4 3 4 3 5 19 3 

S2536 5 5 1 4 4 19 3 

S0624 5 3 2 2 5 17 5 

S0517 4 1 3 5 3 16 6 

S0583 5 3 4 2 2 16 6 

S0908 4 3 4 3 2 16 6 

S0326 2 1 3 5 4 15 9 

S0722 4 1 5 3 2 15 9 

S1017 5 2 3 4 1 15 9 

S0576 4 1 2 4 3 14 12 

S0340 4 3 3 1 2 13 13 

S0569 2 1 3 3 4 13 13 

S0795 3 4 1 2 3 13 13 

S1002 5 2 3 1 2 13 13 

S0553 2 1 3 3 2 11 17 

S0293 1 1 3 4 1 10 18 
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A network of 13 landscapes (Figure 6) targeted for resilience-building measures were mapped as a 
spatial starting point for future development and implementation. These locations are priority targets 
for demonstrating the importance of connectivity and the cumulative effects of networks of NbS 
interventions at the landscape scale. The landscapes were identified based on three overarching 
selection factors: 

¶ Areas in need of watershed rehabilitation; 

¶ Existing infrastructure in need of improved resilience; and  

¶ Hotspots for flood and drought.  

Each of the 13 landscapes was explored by high resolution Google Earth imagery as the basis for field 
surveys to assess root cause issues and define corresponding rehabilitation measures. Table 2 lists the 
13 landscapes and the factors which led to their identification as possible demonstration landscapes 
to address the serious issues they are facing through a combination of nature based and hybrid 
measures. 

Figure 6: Sub-catchments scoring and selecting 

 



GIZ and MRC| Mekong River Commission ς Joint Project on Flood and Drought Management| ICEM ς COT - PPIC  
A Network of Nature based Solutions to Implement Component 2 of the 9C-9T Flood and Drought Master Plan.  

Initial Project Concepts ς June 2023 
 

  12 

 

Table 2. Network of 13 landscape areas identified for potential investigation and resilience building demonstration measures in the 9C-9T sub-basin  

No. Country Sub-catchment Landscape area Specific selection factors 

1 Thailand S0810 Klong Sompoi, Klong Taduang and 
UN reservoirs and watersheds 
rehabilitation 

¶ Low water availability in the soil 

¶ Low infiltration/exfiltration capacity 

¶ Soil erosion and sedimentation problem 

¶ High potential of crop-Evapotranspiration (indicating potential water stress) 

¶ High frequency of drought 

¶ Rainfall is projected to reduce in the dry season 

¶ Upstream of 1002 sub-catchment which has a very high total score 

¶ Reservoirs inside protected areas 

2 Cambodia S1017 Sediment management and 
watershed rehabilitation at Trapeang 
Thma Lake 

¶ Low infiltration/exfiltration capacity 

¶ Soil erosion and sedimentation problem 

¶ High potential of crop-Evapotranspiration (indicating potential water stress) 

¶ Increasingly impacted by drought  

¶ Rainfall is projected to reduce in the dry season 

¶ Forest to agriculture transitions and other land management practices 

3 Thailand S0583 Erosion-sedimentation in Watthana 
Nakhon District 

¶ Low water availability in the soil 

¶ Low infiltration/exfiltration capacity 

¶ Intensive soil erosion and sedimentation problem 

¶ High potential of crop-Evapotranspiration (indicating potential water stress) 

¶ High frequency of drought 

¶ Rainfall is projected to reduce in the dry season 

4 Thailand S0583 Riverbank stabilization on Takhian 
River 

5 Cambodia and 
Thailand 

S1143, S0624 Cross-border waste- and stormwater 
management through nature-based 
measures 

¶ Wastewater management issues 

¶ Low water availability in the soil 

¶ Low infiltration/exfiltration capacity 

¶ Medium water retention capacity (increased sealing) 

¶ Medium flood risk (projected increasing rainfall in the wet season) 

¶ Transboundary flood regulation 

¶ High frequency of drought 

¶ Rapid urbanisation 

6 Cambodia S0908 Flood retention in Phum Koub Thum 
and Phum Sokh San 

¶ Regularly flooded area 

¶ Increasingly impacted by drought. Rainfall is projected to reduce in the dry 
season and increase in the wet season 
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No. Country Sub-catchment Landscape area Specific selection factors 

¶ Low water availability in the soil 

¶ High potential of crop-Evapotranspiration (indicating potential water stress) 

¶ Blockage of natural river channel in Sokh San 

7 Cambodia S2536, S1002 Urban flood management in Serei 
Saophoan City 

¶ Mining areas,  

¶ landslide risk,  

¶ urban wastewater pollution  

8 Cambodia S2536 Flooded forests and wetland 
rehabilitation in buffer zone of Tonle 
Sap Biosphere Reserve 

¶ High flood risk  

¶ Forest to agriculture transitions 

¶ Wetland loss 

9 Cambodia S1443, S0722 Forest stepping stone network for 
connecting remaining forest areas in 
critical watersheds 

¶ Forest fragmentation issue 

¶ Forest loss 

¶ Soil erosion and sedimentation problem 

¶ Low infiltration/exfiltration capacity 

10 Cambodia S1344 Watershed management at Kamping 
Puoy Reservoir 

¶ Low water availability in the soil 

¶ Low infiltration/exfiltration capacity 

¶ Low water retention capacity 

¶ High flood risk 

¶ High and increasing frequency of drought 

¶ Forest to agriculture transitions 

¶ Soil erosion and sedimentation  

¶ Encroachment into reservoir 

11&13 Thailand S0517 Water conservation and supply for 
orchard plantations 

Forest corridors established in 
critical watersheds 

¶ A critical catchment for downstream water uses and conditions (water 
conservation and supply for orchard plantations in Pong Nam Ron) 

¶ Forest fragmentation issue 

¶ Encroachment into protected areas 

12 Cambodia and 
Thailand 

S0326 Watershed rehabilitation in Samlaut 
Multiple Use Area (Cambodia) and 
buffer zone to Khlong Kreua Wai 
Chaleum National Park (Thailand) 

¶ Covering Samlaut Multiple Use Area (Cambodia) and buffer zone to Khlong 
Kreua Wai Chaleum National Park (Thailand) 

¶ Encroachment into protected areas. 

¶ Forest degradation with knock-on downstream impacts 
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 Selected priority landscape areas for NbS demonstration projects  

Of the 13 landscapes that were prioritised for resilience building measures, a first phase of six have 
been selected for more detailed conceptual design and planning aiming for a diversity of ecosystems, 
infrastructure assets, and a balance of target areas within Cambodia and Thailand (Table 3, Figure 8). 
These landscapes were selected in consultation with NWGs to achieve a diversity of conditions in each 
country and NbS intervention potential.  

This report sets out six project concepts (one for each selected prioritised landscape) with a network 
of NbS interventions to build flood, drought and ecosystem resilience. These six projects provide for 
the demonstration of 15 specific nature based and hybrid solutions laid out in networks across forest, 
agricultural and urban landscapes as illustrated in Figure 7. 

 

Figure 7: The 15 NbS measures identified in this report for the six priority landscapes 

 

 

1. Riparian buffer 2. Reservoir zoning 3. Catchment water 
management plans

4. Drainage combined 
with nature-based 

retention

5. Sediment trapping 6. Forest restoration & 
rehabilitation

7. Retention & 
infiltration of rooftop 

runoff

8. Permeable surfaces

9. Retention & 
infiltration of surface 

runoff

10. Constructed 
wetlands

11. River channel 
widening & 

rehabilitation

12. River bank 
stabilization & 
rehabilitation

13. Sustainable 
irrigation measures

14. Urban greening 15. Agricultural 

field buffer
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These 15 specific measures comprise a sub-set of those outlined in the 9C-9T NbS Catalogue, further 
detailed as part of the Basin Atlas. The 15 nature-based/hybrid measures are outlined in detail in 
Annex 1. Proposed measures include rehabilitation of degraded upper catchments and drainage 
corridors; restoration and expansion of forest cover and wetlands; canal, river and reservoir 
rehabilitation including vegetated buffers, sediment trapping and bank stabilization; vegetated buffers 
on boundaries of agricultural allotments and along roads; and a wide range of NbS in urban areas, 
including rain gardens, constructed wetlands, expansion of green space and urban forest canopy cover. 

The overall goal is to demonstrate measures that can be replicated and ǊƻƭƭŜŘ ƻǳǘ ŀŎǊƻǎǎ ǘƘŜ ōŀǎƛƴΩǎ 
agricultural, urban and headwaters landscapes as a connected network so that their cumulative 
impact will substantially reduce the risks of flood and drought. These degraded landscapes emphasize 
the importance of national priorities in both countries for ecosystem restoration, biodiversity 
conservation, watershed rehabilitation and the joint priority of building urban and rural flood and 
drought resilience.  

The project concepts identify (i) the desired function and benefits from the NbS, (ii) locations that are 
suitable for the NbS and (iii) potential constraints in applying the measures. These projects with 
multiple NbS are a starting point in developing the network of nature based and hybrid solutions for 
the 9C-9T sub-basin. Further development of this network will be progressed as the 9C-9T Master Plan 
is implemented with national and international funding contributions.  
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Table 3: Selected landscape areas for detailed investigation and interventions (from upstream to downstream of 9C-9T sub-basin) 

Project 
No. 

9C-9T 
Masterplan 
output 

Landscape area 
category 

Landscape area location Country 
(Province) 

Drivers, impacts and selection 
factors 

Proposed interventions 

1 2.3.1 Transboundary 
headwaters and 
protected areas 

Samlaut Multiple Use 
Area (Cambodia) and 
Khlong Kreua Wai 
Chaleum National Park 
(Thailand) 

Cambodia 
(Battambang) / 
Thailand 
(Chanthaburi) 

Protected area encroachment, 
watershed and forest 
degradation with downstream 
impacts 

Watershed rehabilitation, protected area and 
buffer zone ecological restoration, protected 
area management (forest restoration, riparian 
buffers) 

2 2.3.1 Headwaters and 
protected areas 
όΨǎƛǎǘŜǊ 
ǇǊƻƧŜŎǘǎΩύ 

Khao Soi Dao Wildlife 
Sanctuary and Pong Nam 
Ron 

Thailand 
(Chanthaburi) 

Forest fragmentation, 
protected area encroachment 
(agriculture and hunting), 
biodiversity loss 

Establishment of forest corridors in critical 
watersheds, protected area management (forest 
restoration, sustainable irrigation), 
Urban waste and stormwater management 
through nature-based measures (retention of 
runoff, river rehabilitation, urban greening) 

3 2.3.2 Headwaters and 
protected areas 
όΨǎƛǎǘŜǊ 
ǇǊƻƧŜŎǘǎΩύ 
 

Sompoi, Taduang and 
UN reservoirs  

Thailand (Sa 
Kaeo) 

Low water availability, high 
drought frequency, soil erosion 
and sedimentation, protected 
area and buffer area 
encroachment 

Reservoir and watershed rehabilitation and 
management (riparian buffers, sediment 
trapping, forest restoration, nature-based 
drainage, sustainable irrigation and agricultural 
buffers, catchment water management)   

4 2.1.4  Transboundary 
urban areas 

Poipet (Cambodia) and 
Aranyaprathet 
(Thailand) 

Cambodia 
(Banteay 
Meanchey) / 
Thailand (Sa 
Kaeo) 

Wastewater management 
issues, low water availability, 
moderate flood risk, high 
frequency of drought 

Cross-border waste and stormwater 
management through nature-based measures 
(urban greening, river rehabilitation, sediment 
trapping, water retention, drainage 
improvements and nature-based retention, 
constructed wetland) 

5 2.2.2 Rural reservoirs 
όΨǎƛǎǘŜǊ 
ǇǊƻƧŜŎǘǎΩύ 

Kamping Puoy Reservoir Cambodia 
(Battambang)  

High flood risk, forest to 
agriculture transitions, wetland 
encroachment, low water 
availability, soil erosion and 
sedimentation  

Reservoir, wetland and watershed 
rehabilitation and management (riparian 
buffers, sediment trapping, forest restoration, 
reservoir/wetland zoning, catchment water 
management, sustainable irrigation)   

6 2.2.2 Rural reservoirs 
όΨǎƛǎǘŜǊ 
ǇǊƻƧŜŎǘǎΩύ 

Ang Trapeang Thmor 
Lake and Protected 
Forest  

Cambodia 
(Banteay 
Meanchey) 

Protected area encroachment, 
biodiversity loss, forest to 
agriculture transitions, soil 
erosion and sedimentation, 
increasingly drought frequency 

Sediment management, watershed 
rehabilitation and protected area management 
(forest restoration, riparian buffers, water 
management, sustainable irrigation, 
agricultural buffer, sediment trapping) 
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Figure 8: Selected projects for NbS conceptualisation 
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 PROJECT 1: TRANSBOUNDARY HEADWATERS AND PROTECTED 
AREAS ς SAMLAUT MULTIPLE USE AREA (CAMBODIA) AND 
KHLONG KREUA WAI CHALEUM NATIONAL PARK (THAILAND)  

 Project Overview 

 

 

Project 1 is a key landscape area for the demonstration of nature based and hybrid solution networks, 
with selection factors including protected area encroachment and watershed and forest degradation 
with downstream water security and quality impacts. The project objectives for this landscape include:  

¶ Establishment of measures to foster watershed rehabilitation, forest restoration and protected 

area and buffer zone ecological restoration; and 

¶ Work together with the lead and supporting agencies, as well as local and provincial stakeholders 

to ensure an integrated and transboundary approach to watershed rehabilitation and forest 

restoration is implemented within the both the Multiple Use Area (MUA) and National Park (NP), 

that aligns with the 9C-9T Masterplan and Action Plan. 

  

1. Riparian buffer 6. Forest restoration 
and rehabilitation

restoration 
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Table 4: Project 1 ς Master Plan implementation factors  

Item  Description 

Alignment to 
9C-9T 
Masterplan 
 

¶ Focal Area 2: Manage urban and rural flood and drought to reduce risk  

¶ Outcome 2.3: Rehabilitated basin headwaters and wetlands, to improve water 

security and climate resilience through ecosystem-based adaptation interventions 

¶ Output 2.3.1: Develop and implement at least six (3 in each country) interventions 

for rehabilitation and effective management of protected areas and upper 

watersheds in river basin headwaters ς to improve and maintain the delivery of 

ecosystem services, with an emphasis on safeguarding transboundary biodiversity 

of international importance 

Implementing 
stakeholders 

¶ Lead agency (Cambodia): Ministry of Environment (MoE)  

¶ Lead agency (Thailand): Department of National Park, Wildlife and Plant 

Conservation (DNP)  

¶ Supporting agency (Cambodia): Ministry of Agriculture, Forestry and Fisheries 

(MAFF), the Ministry of Water Resources and Meteorology (MOWRAM) and 

provincial government 

¶ Supporting agency (Thailand): Office of the National Water Resources (ONWR), 

the Ministry of Agriculture and Cooperatives, the Ministry of Natural Resources 

and Environment (MoNRE) and provincial government 

Alignment to 
agency priorities 
 

DNP, an agency of the Ministry of Natural Resources and Environment in Thailand, has a 
mission towards the conservation, protection, restoration and sustainable management 
of forest resources and wildlife. Khlong Kreua Wai Chaleum is one of the national parks 
under its remit. Ministry of Environment is a government ministry of Cambodia with a 
focus on environmental protection. 

 

 Site description  

Project 1 comprises Samlaut MUA (Cambodia) and buffer zone to Khlong Kreua Wai Chaleum National 
Park (Thailand); a transboundary protected area landscape located on the border of Cambodia (Pailin) 
and Thailand (Chanthaburi). Samlaut MUA, decreed in 1993, covers an area of 60,000 Ha. Khlong 
Kruewai Chalearm Phrakiat National Park is a fragmented protected area, covering an area of 26,500 
Ha. 

The headwaters of this transboundary landscape comprise maximum elevations of over 900 m above 
sea level (asl). The northern extent of the MUA and national park catchments naturally drain down 
from the steeper, elevated areas and level off into an agricultural plain, with scattered villages and the 
Krong Pailin urban settlement on the Cambodian side of the border. Several discrete elevated 
vegetated areas are also present within the plain on the Thai side.   

Samlaut comprises the northernmost range of the Cardamom Mountains and is one of Cambodia's 
key watersheds, as well as being the last remaining tropical rainforest in north-western Cambodia. It 
is an essential drainage corridor, with its rivers and streams supplying fresh water and ecosystem 
services for around one million people in the downstream provinces of Pailin and Battambang. 
Samlaut's Stung Sangker River provides for local upland crop irrigation, as well as fish stocks and water 
for the Tonle Sap Lake and its lowland agricultural lands. 

The MUA is also an essential ecosystem for biodiversity, providing a critical habitat for endangered 
species of flora and fauna, whilst providing an international wildlife corridor to support ecological 
connectivity within the region.  
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 Flood and drought drivers and impacts 

 Drivers 

Protected area encroachment and lack of enforcement capacity 

Geospatial analysis of the landscape area demonstrates significant land cover change and vegetation 
disturbance over the last 30 years, particularly within the northern extent of Samlaut MUA. Samlaut 
MUA status permits local communities the right to utilize natural resources in a sustainable manner. 
Despite this, precious gem/mineral mining, illegal logging, animal poaching and land encroachment 
continue to threaten the area. A lack of financial support and enforcement has compounded these 
issues over the years. Agricultural encroachment of the protected area foothills is apparent and 
several roads dissect the forested areas. 

On the border of the 9C-9T sub-basin to the south, the buffer zone between Khao Soi Dao and Khlong 
Kreua Wai Chaleum National Park is significantly fragmented by linear infrastructure and urbanisation. 
This division inhibits a connecting wildlife corridor between the two protected areas.  In 2020, an 
agreement was signed between the Cambodia and Thai protected area agencies to collaborate in 
conserving the international wildlife corridor but has not led to effective action.  

Drainage structure, irrigation and reservoirs 

The landscape area is an important watershed for the 9C-9T basin and has historically supported 
several drainage channels in the foothills and terraces below the MUA and NP. Their gradual 
degradation and replacement with agricultural land has resulted in reduced water storage capacity, 
increased drought risk and sedimentation. 

 Impacts 

Forest fragmentation and biodiversity loss 

Encroachment into the protected areas has led to widespread forest fragmentation and deforestation. 
This resulted in habitat degradation and impacts to the flora and fauna located within the MUA and 
national park. In addition, the development of road infrastructure and encroachment has impacted 
on ecological connectivity with the landscape.  

Increased runoff, loss of water storage and degrade drainage channels 

Encroachment into the foothills of the MUA and national park, as well as soil erosion, has impacted 
natural drainage channels, reducing the vegetative cover and natural water storage and supply 
potential of the landscape. Filling and reducing the depth of streams increases the risk of flash flooding 
and landslides during periods of high rainfall and high discharge. The degradation of the watershed 
reduces availability of water during droughts and results in an increase in sedimentation and reduced 
water quality ς and overall loss of soils and soil condition.  

 Nature based and hybrid solutions project concept  

 Concept design of NbS  

Measure 6: Forest restoration and Measure 1: riparian buffer strips 

Forest restoration in the landscape is critical to ensure the recovery of degraded and fragmented areas 
and should be planned at the landscape scale, with the objective of re-establishing ecological integrity 
and transboundary connectivity. Several potential locations have been identified for restoration 
particularly in areas where there is encroachment into the MUA and national park along its northern 
boundary (Figure 9). Land ownership and tenure arrangements of these areas has not yet been 
determined through detailed field visits and site investigation. Opportunities for restoration and 
connected networks of drainage buffers will be explored during future investigations with national 
and local authorities. Measures in each location would share the same restoration objectives, as 
identified in Measure 6 and Measure 1 (Annex 1). 
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Figure 9: Forest fragmentation and degradation within the landscape area ς (a) degradation along 
international boundary and (b) encroachment into Samlaut MUA 

 

 Project benefits  

¶ Restoration of 50 ha of forest areas; 

¶ Restored ecological connectivity between previously fragmented landscapes;  

¶ Increased habitat provision and biodiversity value; 

¶ Improved natural water storage and reduced sediment runoff; and 

¶ Restoration of drainage channels and water retention for agricultural activities. 
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 PROJECT 2: HEADWATERS AND PROTECTED AREA ς KHAO SOI 
DAO WILDLIFE SANCTUARY, PONG NAM RON AND 
PLANTATIONS, THAILAND  

 Project Overview 

 

 

Project 2 is identified as a key landscape, in particular in relation to protected area encroachment, 
drought and water retention, urban risk and watershed and forest degradation with downstream 
impacts on farms, urban areas and transport corridors. The project objectives for this area are focused 
on: 

¶ Defining opportunities for the establishment of measures to foster watershed rehabilitation, 

forest restoration, protected area and buffer zone ecological restoration, and road and urban 

drainage interventions; 

¶ Working with the lead and supporting agencies, as well as local and provincial stakeholders 

to ensure an integrated and transboundary approach to watershed rehabilitation and forest 

restoration is implemented within the PA, that aligns with the 9C-9T Masterplan and Action 

Plan.  

1. Riparian 
buffer

6. Forest 
restoration 

and 
rehabilitation

9. Retention 
and 

infiltration of 
surface runoff

12.River bank 
stabilization 

and 
rehabilitation

13. 
Sustainable 
irrigation 
measures

14. Urban 
greening
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Table 5: Project 2 ς Master Plan implementation factors  

Item  Description 

Alignment to 
9C-9T 
Masterplan 
 

¶ Focal Area 2: Manage urban and rural flood and drought to reduce risk  

Rural 

¶ Outcome 2.3: Rehabilitated basin headwaters and wetlands, to improve water 

security and climate resilience through ecosystem-based adaptation interventions 

¶ Output 2.3.1: Develop and implement at least six (3 in each country) interventions 

for rehabilitation and effective management of protected areas and upper 

watersheds in river basin headwaters ς to improve and maintain the delivery of 

ecosystem services, with an emphasis on safeguarding transboundary biodiversity 

of international importance 

Urban 

¶ Outcome 2.1: Outcome 2.1: Strengthened urban flood and drought resilience 

through innovative climate-sensitive and ecosystem-based planning tools and 

adaptation interventions 

¶ Output 2.1.4: Develop and implement protective, hybrid (green and grey) 

infrastructures to reduce urban flood risks (e.g. urban river channel improvement, 

bank stabilization and natural flood retention areas) and enhance water quality in 

two target towns (one in each country) 

Implementing 
stakeholders 

Rural 

¶ Lead agency (Thailand): Department of National Park, Wildlife and Plant 

Conservation (DNP)  

¶ Supporting agency (Thailand): Office of the National Water Resources (ONWR), 

the Ministry of Agriculture and Cooperatives, the Ministry of Natural Resources 

and Environment (MoNRE) and provincial government 

Urban 

¶ Lead agency (Thailand): Ministry of Interior, Department of Public Works and 

Town and Country Planning 

¶ Supporting agency (Thailand): National Water Resources (ONWR), the Ministry of 

Agriculture and Cooperatives, the Ministry of Natural Resources and Environment 

(MoNRE) and provincial government  

Alignment to 
agency priorities 
 

DNP, an agency of the Ministry of Natural Resources and Environment in Thailand, has a 
mission towards the conservation, protection, restoration and sustainable management 
of forest resources and wildlife. Khao Soi Dao is one of the national parks under its remit 
The Ministry of Interior is responsible for core areas including local administration, 
disaster management, road safety, land management and public works 

 

 Site description  

The landscape covers the area surrounding Pong Nam Ron urban development and the Khao Soi Dao 
Wildlife Sanctuary, located in the S0517 and SO576 sub-catchments, near the Thai-Cambodian border 
at the south-eastern boundary of the 9C-9T sub-basin. The landscape is located in the Pong Nam Ron 
District, Chanthaburi Province, and comprises a combined protected area and rural headwater, and 
urban environment. The headwater area is located within the protected area at maximum elevations 
of 1500 m above sea level (asl). To the east of Khao Soi Dao, the catchment levels off into a plain with 
agricultural land, a number of small reservoirs, urban settlements and scattered villages. The area 
naturally drains down from steeper elevations within the protected area into flatter terrain, which has 
been extensively developed into agricultural land. The landscape is transected by the national 317 
highway, from north to south. A large vegetated military zone of approximately 55 km2, as well as the 
larger Khlong Phra Phut Reservoir are also situated in the catchment. Pong Nam Ron urban area, 
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providing for an estimated 10,000 people (20198), is also located in the conduit between the military 
zone and the PA. The area is a critical headwater for four sub-basins in eastern Thailand, with water 
also flowing to Tonlé Sap Lake in Cambodia. The catchment is important for downstream ecosystems 
and water users.  

Khao Soi Dao is contiguous with Khao Khitchakut National Park to the south and to the west, and 
contiguous with Khao Ang Ru Nai Wildlife Sanctuary. The topography of the protected area is made 
up of two distinct landscapes, with a smaller, low-lying area to the north and a larger mountainous 
region with perennial streams and waterfalls in the south. Vegetation is dominated by semi-evergreen 
and evergreen forest at higher elevations, as well as a few pockets of deciduous forest and bamboo. 
Khao Soi Dao Wildlife Sanctuary supports several endangered species and is the only Important Bird 
and Biodiversity Area (IBA) in Thailand that supports the globally endangered Chestnut-headed 
Partridge Arborophila cambodiana, a restricted-range species.9 

 Flood and drought drivers and impacts 

 Drivers 

Agricultural development and protected area encroachment  

Forest areas at the eastern boundary of Khao Soi Dao act as a protective barrier against erosion, 
flood/drought and biodiversity loss. Increasingly however forest areas are being destroyed and 
replaced with orchard plantations. Site visits combined with remote sensing analysis indicates 
encroachment into the foothills of the PA, associated with the establishment of small to medium-scale 
plantations, sprinkler systems and the installation of small reservoirs. The main agricultural product in 
the Pong Nam Ron area is durian, exported overland to China (through Cambodia and Vietnam). 
Durian, mangosteen, banana and other crops require the application pesticides and broad-spectrum 
herbicides that pollute local retention ponds and streams. 

Many encroached areas were initially established by local communities, comprising dwellings, orchard 
plantations or cropland before such locations were declared part of the Khao Soi Dao Wildlife 
Sanctuary. Such areas are therefore recognised and not illegal. 

Drainage structure, irrigation and reservoirs 

A key issue in Pong Nam Ron district is drought, so the priority is to retain as much water as possible 
for the dry season. Water demand and consumption associated with urbanisation, agricultural land 
(including plantations) and recreational use has risen along with waste water and water abstraction 
for irrigation. These drivers contribute to the construction of reservoirs, occasionally at the expense 
of degrading and disappearing natural drainage channels.  

The Khlong Ta Liu dam and reservoir, situated within the forested area of PA, was proposed for flood 
regulation purposes and supports water provision in the region (without the undertaking of an 
environmental impact assessment). A number of further reservoirs are situated in the lowlands, 
outside the protected area boundary, to provide agricultural and recreational water resources. 
Satellite imagery highlights the continuous construction of such artificial waterbodies. Natural 
drainage channels and streams have been developed over, constraining the natural drainage structure 
and flood/drainage control of the lowland area, including the expanding Pong Nam Ron urban 
development.   

 

 

 

8 Source: https://www.citypopulation.de/en/thailand/eastern/chanthaburi/2289__pong_nam_ron/  
9 BirdLife International, 2022. Important Bird Areas (IBA) factsheet: Khao Soi Dao, Thailand.  
 http://datazone.birdlife.org/site/factsheet/khao-soi-dao-iba-thailand 

https://www.citypopulation.de/en/thailand/eastern/chanthaburi/2289__pong_nam_ron/
http://datazone.birdlife.org/site/factsheet/khao-soi-dao-iba-thailand
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Urbanization and road infrastructure  

Although there are no large urban areas situated within Pong Nam Ron District, development along 
the road that borders the easter boundary of Khao Soi Dao has resulted in increased hard surfaces 
and a reduction in natural areas. The increase of small to moderately sized urban areas such as Pong 
Nam Rong have acted as a hub for urbanization, road infrastructure and industrial expansion in the 
area. Waste management and wastewater treatment facilities have not been able to keep up with the 
increasing commercial and residential demands. Road infrastructure and paths are located in the 
transition from the plain into the hilly area. Many lack a drainage structure which would divert water 
into channels, fields or natural retention areas. 

Figure 10: Hardening of the landscape at Pong Nam Ron 

 

 Impacts 

Increased runoff and loss of water storage in the reservoirs and drainage channel 

The expansion of urban areas has reduced nature-based water management and retention 
opportunities, in turn reducing water infiltration and increasing runoff from the upland watershed in 
the PA. The area also experiences damaging seasonal flooding.  

Insufficient water during the dry season impacts both the agricultural sector and the use of water for 
consumption. During the dry season, the Pong Nam Ron municipality water source has reduced flow 
for approximately two months, resulting in competition for water among farmers and local 
municipalities. Drinking water is supplied for 3 months by trucks. 

Wastewater discharge 

The lack of waste management and water treatment facilities result in untreated wastewater 
discharge entering drainage channels and streams within the catchment, passing into downstream 
areas in Cambodia. Hard standing and grey infrastructure dominates the built-up environment, which 
also increases wastewater disbursement and potential flash flooding. 

Forest loss, fragmentation and biodiversity loss  

The increase in urbanization and agricultural development around the Khao Soi Dao protected area 
has resulted in a reduction in forest cover in the landscape area. In addition, development within the 
protected area, including the Khlong Ta Liu dam, has reduced vegetative cover and impacted on 
biodiversity. This loss of forested areas (including in elevated areas) increases soil degradation, erosion 
and landslide risk, as well as water retention and flood risk in an area that already experiences 
flooding. Changes to the drainage system has resulted in elephants and other wildlife coming down 
into the foothills to drink and feed in agricultural areas (Figure 11).  
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Figure 11: (L) Water retention/irrigation  pond (0.21 Ha) and (R) evidence of elephant presence  

 

The national 317-highway road is a significant constraint to ecological connectivity within the 
landscape ς it has been constructed with little concern to maintenance of natural drainage channels 
as important ecosystem service and amenity assets for the area. On the border of the 9C-9T sub-basin 
to the south, the buffer zone between Khao Soi Dao and Khlong Kreua Wai Chaleum National Park is 
severely fragmented by the road and the associated linear urbanisation. This prevents prospects for a 
ŎƻƴƴŜŎǘƛƴƎ ǿƛƭŘƭƛŦŜ ŎƻǊǊƛŘƻǊ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ t!ΩǎΦ hǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ecological buffer 
zones or wildlife crossings for roads and highways may exist to reconnect the landscape area. 

 Nature based and hybrid solutions project concept  

 Concept design of NbS  

Measure 1: Drainage buffer strip and Measure 12: River bank stabilization and rehabilitation 

The degradation of drainage corridors within the landscape is a concern for flood and drought resilience. 
The rehabilitation of natural drainage channels (and artificial canals linked to reservoirs in the area, 
including the Khlong Phra Phut Reservoir) is required to reconnect the hydrological landscape and 
provide effective soil retention, water quality and drainage from the watershed into the agricultural-
focused plains below. Figure 12 presents the Ta Ni stream and weir complex near Pong Nam Ron.  

Figure 12: Drainage channel from Khao Soi Dao to Pong Nam Ron 

 

NbS rehabilitation of the stream through buffer strips in combination with bank stabilization measures 
provide an opportunity to improve water retention, water quality and reduce sedimentation.  
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Riparian buffer strips are linear vegetated areas located alongside streams and other water courses.  
They provide several ecosystem services and are beneficial for improving water retention, water 
quality, biodiversity, and reducing pollutant and sediment delivery into drainage channels. The buffer 
strip either side of the drainage channels are proposed at a width of 30m, in line with good practice 
design, to ensure the ecological integrity linked to the adjacent protected area (see Measure 1, Annex 
1). This would yield improved habitat provision and sediment and pollution trapping potential in 
comparison to a more restricted 15m buffer.  

Potential conflicts associated with necessary land take from adjacent private agricultural land are 
acknowledged. Extensive stakeholder consultation is required prior to planning and implementation. 
The establishment and development of the natural buffer strip should complement the existing 
vegetation present in the drainage areas and comprise a mix of native species with exotic trees 
beneficial to local livelihoods. This will ensure buffer integrity, maximise ecological resilience and 
prevent the spread of alien invasive species (AIS). 

Measure 4: Drainage in combination with nature-based retention 

Surface runoff from haphazard drainage needs to be diverted (and where possible treated) into 
swales, natural depressions, and drainage channels through NbS measures. The surface of the 
diversion structures must be adopted to expected traffic and small enough to avoid accidents with 
pedestrians, cyclists and vehicles. Stormwater runoff conveyance systems (e.g. bioswales) comprising 
linear ditches collect, infiltrate and treat stormwater runoff before releasing it to the watershed. 
Vegetation reduces water velocity, allowing it to accumulate in a bioswale, and filters suspended 
sediments.  

There is one location (Thap Sai School) where soil erosion is present, requiring NbS measures to 
connect a new culvert to the manhole of Highway 317 (Figure 13, L). A vegetative buffer would provide 
appropriate protection from erosion. Such interventions would require engagement and consultation 
with the Department of Highways and local authorities. The drainage system of 3193 highway road 
comprises a combined system (water including rainfall, commercial wastewater and public 
wastewater). NbS interventions for this area comprise wetland rehabilitation at the Ta Ni drainage 
channel outlet, with effective natural water treatment prior to discharge downstream (Figure 13, R). 

Figure 13: Examples of required drainage improvements (Highway 317 (L), Highway 3193 (R)) 

 

Measure 6: Forest restoration 

Forest restoration in the landscape within protected areas and across agricultural and urban areas is 
critical to ensuring the recovery of degraded and fragmented areas and should be planned at the 
landscape scale, with the objective of re-establishing ecological integrity and connectivity. This 
measure is linked to Measure 1 - restoring drainage buffers. 

Potential locations have been identified for restoration, particularly in areas where there is 
encroachment into the protected area along its eastern boundary and in the foothills of Pong Nam 
Ron. Land ownership of these areas typically comprises private land or land managed by Department 
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of National Parks, Wildlife and Plant Conservation. These areas currently comprise dwellings, orchard 
plantations and water retention ponds. Measures in each location would share similar objectives 
(Measure 7, Annex 1). 

Figure 14: (left) protected area forest buffer corridor (right) potential forest restoration sites  

  

Measure 13: Sustainable Irrigation  

The establishment of water retention measures, including a network of ponds (Figure 11) in the 
foothills of Khao Soi Dao Wildlife Sanctuary where orchards are widespread, will support irrigation in 
the dry season (Measure 13, Annex 1). This should be implemented in tandem with the rehabilitation 
of drainage channels, reservoirs (including the Khlong Phra Phut Reservoir) and wetland areas, to 
reconnect the hydrological landscape. Planning and designing such ponds via a network approach can 
enhance water retention and infiltration benefits. Appropriate wildlife-friendly mitigation/security 
measures should also be in place to avoid and reduce wildlife conflicts ς a challenge already present 
in the landscape.  The creation of ponds for wildlife within the protected area would reduce the need 
for animals to enter agricultural areas during periods of drought. 

Measure 14: Urban greening 

In combination with nature-based retention, urban green spaces should be established in Pong Nam 
Ron in strategic locations to capture, reduce and store urban runoff. These can be implemented at 
different scales in both public and private spaces, including the central market. Existing extensive 
areas of open hardstanding and degraded industrial open spaces should be converted to green spaces. 
Ultimately the ambition should be to have 30% coverage of green infrastructure in the urban 
environment, through a range of interventions including parks, gardens, play areas, landscaped areas 
and tree pits. New green spaces may require changes in land use, resulting in a loss of productive land 
and impacting local livelihoods. 

 Project benefits 

¶ Restoration of 100 ha of forest areas; 

¶ 30% coverage of green infrastructure in Pong Nam Ron, benefiting 10,000 people; 

¶ Rehabilitation of 4 km of the Ta Ni stream and weir complex; 

¶ Reduced human/wildlife conflict in the buffer zone of the protected area; 

¶ Increased water retention; 

¶ Increased water quality, reduced soil loss and sedimentation; and 

¶ Enhanced habitat for biodiversity.  
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 PROJECT 3: HEADWATERS AND PROTECTED AREAS ς SOMPOI, 
TADUANG AND UN RESERVOIRS, THAILAND 

 Project Overview 

 

 
Project 3 is in a key landscape suffering headwater protected area encroachment, drought, erosion 
and sedimentation and reduced water quality. The project objectives for this area address those 
concerns by:  

¶ implementing measures for reservoir and watershed rehabilitation and management, 

including introducing riparian buffers, sediment trapping, reforestation, agricultural field 

buffers and water quality management; and 

¶ working with the lead and supporting agencies, as well as local and provincial stakeholders to 

ensure an integrated approach to protected area, drought and erosion management, aligning 

with the 9C-9T Masterplan and Action Plan. 
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Table 6: Project 3 ς Master Plan implementation factors  

Item  Description 

Alignment to 
9C-9T 
Masterplan 
 

¶ Focal Area 2: Manage urban and rural flood and drought to reduce risk  

¶ Outcome 2.3: Rehabilitated basin headwaters and wetlands, to improve water 

security and climate resilience through ecosystem-based adaptation interventions 

¶ Output 2.3.2: Develop and implement at least four (2 in each country) 

interventions to rehabilitate and manage wetlands in the multiple use areas to 

strengthen protected area buffer zones and improve ecological integrity for the 

delivery of ecosystem services (water storage/treatment/habitat)  

Implementing 
stakeholders 

¶ Lead agency (Thailand): Ministry of Agriculture and Cooperatives (MOAC)  

¶ Supporting agency (Thailand): Office of the National Water Resources (ONWR), the 

Department of National Park, Wildlife and Plant Conservation (DNP), the Ministry of 

Natural Resources and Environment (MoNRE) and provincial government 

Alignment to 
agency priorities 

MOAC is responsible for the administration of agricultural policies, forestry, water 
resources, irrigation and the development of farmers and cooperative systems 

 

 Site description  

Project 3 is located in Sa Keo Province, Amphoe Taphaya district and covers the Tambons Thap Thai in 
the north and Thap Sadet in the south. It is the utmost northern part of the 9C-9T basin. The headwater 
area is hilly and forested within the Tapraya national park located close to Pang Sida national park, 
and part of the Phnom Dong Rak mountain range. The hills fade out to the south where agricultural 
land prevails. The location is home to many reservoirs, which provide domestic water and irrigation. 
Countless small rivulets drain the area from north to south and become the source for the reservoirs. 
They continue to form the drainage corridor that finally flows through the Svay Check river to Sisophon 
in Cambodia.  

The striking feature of this area is dispersive soil, which is sandy in nature and thus highly erodible 
όǎǳŎƘ ŀǎ ǘƘŜ Ψ[ŀƭǳΩ ƭŀƴŘǎŎŀǇŜ ǇǊŜǎŜƴǘŜŘ ƛƴ Figure 15 ς right image). Rain can easily infiltrate and 
mobilise the loose sand particles. This causes high sediment loads in all rivers in the catchment. 
Erosion and thus sedimentation is strongest where vegetation has become sparse or entirely removed 
which is often the case along river-banks and in the buffer to the park following logging and temporary 
settlements. In addition, although satellite images suggest rather dense vegetation in the hills, the 
field mission found that the remaining trees and bushes do not have a dense canopy structure and 
erosion prone areas are common (Figure 15). 

Figure 15: Landscape upstream of reservoirs on the southern border of Tapraya national park 

  

The landscape condition determines water supply and condition for all downstream reservoirs and 
irrigation systems. Three larger reservoirs (UN, Taduan and Sompoi reservoirs) and countless small 
ponds provide water storage for domestic use and irrigation. The area is part of the Dong Phayayen-
Khao Yai Forest Complex, covering 615,500 hectares and comprising five almost contiguous Protected 
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Areas, of which Tapraya national park is one. From a biodiversity perspective, the national park and 
forested areas following the mountain ridge from west to east, are a natural wildlife corridor of 
international importance and an essential upper catchment for Sa Keo Province downstream to 
Cambodia. However, ǘƘŜ Wƻƛƴǘ tǊƻƧŜŎǘΩǎ GIS analysis from 1990 to 2020 shows a progressive loss of 
forest, especially in the past 10 years. Forested areas to the north of the reservoirs are managed by 
the Department of National Park, Wildlife and Plant Conservation. 

An in-depth field mission was undertaken to the Sompoi reservoir (see Annex 3 for further details) to 
identify potential demonstration sites for building flood and drought resilience, incorporating hybrid 
and nature-based solutions. Thap Thai SAO, LDD and National Park representatives in particular 
provided an in-depth background to the site. The following sections provide more detailed focus on 
this reservoir. 

 Flood and drought drivers and impacts 

 Drivers 

Erosion and thus sediment local in drainage corridors and reservoirs in this area is largely attributable 
to the specific soil structure combined with extensive loss of vegetative cover. Other drivers were 
identified during the field missions and the expert exchange. They are listed in the order of their 
significance.  

Natural features - erodible soil and vegetation with less pronounced canopies 

The dispersive soil in this area is the main reason for high erosion and sedimentation rates. In addition, 
vegetation does not form dense canopies and overall, the immediate upstream landscape is degraded.  

A number of individual sites, including Lalu, a popular tourist destination in the region, also contributes 
to erosion. Lalu is managed by the National Park authority comprises an extensive, bare area of sandy 
soil and spectacular dissected earth formations formed through steady erosion. Significant sediment 
build-up and localised erosion occurs dispersing through a system of small ephemeral stream near the 
National Forest of Thailand office. This results in the transfer of sediment during periods of discharge 
into the Khlong Sompoi reservoir.  

Inadequate drainage structures and vegetated buffers for roads and paths 

Roads and paths are located in the transition from the plain into the hilly area.  The current system of 
unsealed roads and paths are a significant part of the erosion and sedimentation problem in the 
landscape. They all lack adequate drainage structures and vegetated buffers which would divert and 
filter water into channels, fields or natural retention areas. The presence of small streams and 
drainage pipes on the roadside of the National Park facilitate the transfer of sediment during periods 
of discharge towards downstream agricultural areas and then into the Sompoi reservoir.  

Missing drainage buffer strips 

Vegetated buffer strips have been removed along most streams and drainage channels in favour of 
gaining more agricultural land, or where present, have been degraded. The benefit of more cultivated 
land comes with the cost of increasing erosion into rivers and reservoirs. Agricultural practices like 
furrows in direction of drainage also exacerbates erosion and sedimentation.  

Drainage channels were examined during the field mission to the Sompoi reservoir, including the 
riparian buffer presented in Figure 16. It was noted that the channel and associated buffer does not 
fully extend down to the Khlong Sompoi reservoir, due to encroachment at the edge of the channel 
from erosive crop types, including cassava plantations, and a road built over the waterway 

The drainage channels are seasonal. During the wet season, water flows rapidly to the Sompoi 
reservoir due to the steep slopes of the channels. The channels carry runoff from upstream areas in 
the forest, through culverts under the road, and into the incised downstream drainage channel. 
Significant volumes of runoff are generated during periods of intense rainfall and plunge pools have 
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formed below the culvert outlets. However further deepening of this is prevented by an underlying 
harder layer of laterite. 

Figure 16: Example riparian buffer strip leading towards Sompoi reservoir 

 

Missing sediment management upstream of reservoirs 

During the wet season, water rapidly flows from the mountains upstream of the reservoirs 
downstream towards agricultural land, resulting in a high sediment discharge and surface water runoff 
via small streams into the Sompoi reservoir. Flash floods associated with steep slopes compound this 
problem, and result in highly turbid waters in the reservoir. The reservoirs are built without sediment 
trapping measures to filter water on its way into the waterbodies.  

It is also understood that the existing small-scale irrigation pond silts up at a rate of 1 m per year due 
to erosion of the pond banks and upstream overland sediment inputs during the wet season, which 
settles in the pond. Attempts to reduce bank erosion have included the establishment of vetiver grass 
around the pond banks. This has been effective to some extent but has not completely prevented 
bank failures below rooting depth. 

The topography and tenure arrangements mean that sediment management would need to be 
strategically located in close consultation with farmers and local authorities.  

Logging 

Location 12 within Tapraya National Park was home to United Nations (UN) refugee camps during the 
Khmer Rouge time in Cambodia. The increases in population in an otherwise relatively isolated area 
created high pressures on natural resources, including encroachment into the protected area, hunting 
and logging. The resulting degraded habits still exist to some degree and logging is not uncommon in 
this area.  Past attempts at providing erosion control at the site have included vetiver plantations and 
restoration of forest landscapes within the national park. One example is located at the Tubtim Siam 
03 Project site for reforestation, which was initiated in 1995 comprising an area of 900 rai (144 Ha). 

 Impacts 

The most prominent adverse impacts related to flood and drought are deforestation of headwaters 
and sedimentation of waterways and reservoirs. Sediment reduces the capacity of rivers and streams 
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and inhibits natural flow and greatly reduces productivity and water quality in reservoirs and irrigation 
systems. All reservoirs are located at the base of the hills.  They are shallow and a small gain in water 
level generates a large increase of the water surface. This combination of natural and man-made 
features creates several problems: 

Loss of water storage in the reservoirs and ponds 

Sediment settles in the reservoirs and is difficult and expensive to remove. The structure of the outlets 
of the reservoirs in combination with the shallow bathymetry does not allow for sediment flushing. 
The consequence is a relatively rapid reduction of reservoir lifetime. 

High turbidity in reservoirs and ponds 

Turbidity in the reservoirs and ponds is often high due to sediment. This has been causing problems 
for domestic water supply and irrigation systems, particularly after heavy rainfall while the sediment 
has not yet settled.  

IƛƎƘ ŜǾŀǇƻǊŀǘƛƻƴ ƭƻǎǎŜǎ ŦǊƻƳ ǘƘŜ ǊŜǎŜǊǾƻƛǊΩǎ ǿŀǘŜǊ ǎǳǊŦŀŎŜǎ 

The bathymetry of the reservoirs leads to high evaporation losses. A small increase in water depth 
causes a disproportional increase of the water surface giving rise to high evaporation rates.  

Reduction of flow capacity in rivers due to sediment 

Sediment in the rivers is a significant driver for a reduction of flow capacity. Since almost all streams 
are equipped with structures like weirs, regulated culverts, gates where the sediment settles, the 
benefit of storage volume is reduced, and the function of the structures is hampered.  

 Nature based and hybrid solutions project concept  

 Concept design of NbS  

Figure 17: Proposed NbS measures for Sompoi landscape 

 

 

 



GIZ and MRC| Mekong River Commission ς Joint Project on Flood and Drought Management| ICEM ς COT - PPIC  
A Network of Nature based Solutions to Implement Component 2 of the 9C-9T Flood and Drought Master Plan.  

Initial Project Concepts ς June 2023 
 

  34 

 

Measure 1: Riparian buffers 

A number of waterways and drainage corridors have been identified as having the opportunities for 
riparian buffer establishment and rehabilitation. For example, the natural drainage channel identified 
in Figure 16 has the potential to be restored to prevent erosion/sediment build up and facilitate its 
reconnection to the Sompoi reservoir.  

Land tenure arrangements here are complex. The waterway is situated on public land ς managed by 
Thap Thai SAO, separated from adjacent private land through its buffer zone. The dimension of this u-
shaped waterway was measured as 4m deep, with a top width of 19m and a base width of 16m but 
showing clear signs of sediment accumulation. 

Proposed interventions at this location focus on slowing down and channelling water, supporting 
infiltration and controlling erosion and encroachment. This includes installing check dams upstream 
and downstream to prevent further downcutting (see measure 5), something that could be replicated 
elsewhere in the landscape. With the channel stabilised, the next step would be to consider better 
management of the channel banks and the prevention of encroachment by cultivation. Solutions 
focused on negotiation with adjacent land users (farmers) the establishment of riparian buffer strips, 
and specific measures to stabilise the banks. These measures should extend all the way down to the 
reservoir. Possibilities for harvesting non-timber forest products (NTFP) from the established buffer 
could be investigated and discussed with the farmers. 

Buffers either side are proposed, with their extent dependant on agreement between Thap Thai SAO 
and the relevant farmers. The channel banks could be strengthened by bioengineering, for example 
using native woody species, or by vegetated riprap and other hybrid stabilisation measures. 

Measure 4: Drainage in combination with nature-based retention  

When NbS and hybrid drainage structures are developed at many places across the landscape as a key 
strategy in watershed rehabilitation, they contribute in mitigating sedimentation and help reduce 
flash flooding. Measures can be low-cost and no-regret with multiple benefits of improving water 
quality and enhancing biodiversity.  

Drainage diversion structures for roads, paths and areas suffering from sheet drainage can be combined 
with nature-based retention measures ς i.e. areas of thick vegetation or bioswale channels designed to 
concentrate and convey stormwater runoff while removing debris and pollution. Generally, these kinds 
of drainage structures are effective in reducing the speed and volume of surface runoff.  

The NbS and hybrid measures here are proposed for the transition zone from the hillside down to the 
plain where drainage improvement with nature-based retention would best demonstrate its potential. 
During the site visit to the Sompoi reservoir, existing drainage channels were identified passing under 
the road and five drainage pipes along the road. Each pipe collects water from the streams to the 
north in the national park, transferring the flow to the agricultural land downstream and ultimately to 
the Sompoi reservoir (Further details are provided in Annex 3, field report). The UN Road is under the 
jurisdiction of the Highways Authority, whilst the land to the north is situated within the National Park.  

The more measures implemented the better, beginning at sites with high slopes and dispersive soil. 
While this demonstration is limited to the immediate areas upstream of the reservoirs, if rolled out 
more extensively stakeholders can benefit from the cumulative impacts of many natural interventions 
across the entire headwaters, including within the national park. 

Measure 5: Sediment trapping  

The establishment of small multiple functioning erosion control and sediment trapping interventions 
through NbS and hybrid structures offers significant potential within this landscape. Such interventions 
help to retain sediment before it enters the reservoir to reduce sedimentation, improve water quality 
and maintain water storage capacity. They are particularly relevant for areas upstream of the UN road, 
where erosion is significant, and within the drainage channels leading into Sompoi reservoir. Measure 6 
provides more details on the sediment stabalisation measures as part of forest restoration efforts. 
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It was noted that any proposed NbS measures at this location would require engagement and 
permission from the National Park. In addition, along drainage channels feeding into the reservoirs 
(see Figure 16 as example), check dams or leaky weirs could be established. These could comprise 
small wooden log dams built across the channels to lower run-off speed and reduce erosion and gully 
erosion. 

Local stakeholder representatives suggested the provision of 2-5 leaky check dams along a stream to 
reduce flow and sediment transport during the wet and facilitate the storage of water for use by 
farmers during the dry season. Although situated on public land, such NbS measures would require 
engagement and permission from the Thap Thai SAO, with further consultation with local farmers who 
are active in the area. 

Measure 6: Forest restoration 

Natural forest rehabilitation is encouraged within the foothills of the Tapraya national park, to the 
north of Sompoi reservoir. In addition, forest restoration at five seriously degraded locations identified 
within the Tapraya national park and its buffer, will require a distinctive combination of actions for 
the park, the buffer and the riparian corridors, because each have differing challenges and 
opportunities. Yet measures in each location share the same objectives, as identified in Measure 6 
(Annex 1). Restoration demonstrations would target degraded areas within the NP. 

It is understood that attempts have been made to reforest degraded areas, including planting on 
elevated bunds, however these failed due to challenges with vegetation establishment. Forest 
restoration at eroding sites within Tapraya National Park will require a distinct sequence of actions, 
due to the challenging soil and hydrological conditions.  

Initially, steps should be taken to reduce or prevent water flowing overland to specific sites by means 
of diversion bunds or ditches, with safe outfalls. Second, check dams should be installed to prevent 
further vertical incision in gullies and to trap sediment. Planting could take place at and behind the 
check dams. Once the gullies are stabilised, revegetation efforts could extend to the difficult areas of 
bare soil using pioneer species planted behind simple physical slope modifications such as half-buried 
branches on the contour.  

Native species should be used exclusively, with a planting mix of mixed native woody tree and 
understorey species, following guidance from the National Park authorities. From satellite and field 
observations, it is anticipated that each restoration site would be the equivalent of around 3 Ha. Plant 
nurseries should be established to support native species mix, with a planting regime of mixed native 
tree and understorey species following guidance from the national park authorities. There are a 
variety of tree species that have been identified by rangers at the restoration sites that offer potential 
for tree planting, including azadirachta indica var. siamensis, peltophorum pterocarpum, Sindora 
siamensis, Dipterocarpus obtusifolius and doussie.  

Any exotic or invasive species identified at the sites should be replaced with native species, with 
fencing established to protect re-growth from ungulates and other pressures.  

At Lalu, water should be diverted, where possible, away from Lalu to prevent sediment mobilisation 
and transportation downstream. Opportunities for check dams in upstream drainage channels offer 
the potential to reduce sediment transfer towards Lalu. Vegetation establishment and tree planting 
measures to the south of Lalu, may support gradual recolonisation of the area, provide sediment 
trapping and shade (Figure 17). Lalu is an important site and could provide ecotourism opportunities. 

Measure 13: Sustainable irrigation measures and Measure 15: Agricultural field buffers 

Due to the sedimentation of the reservoir, drought risk and intensive agricultural practices within the 
catchment, water conservation irrigation measures are proposed for the three reservoirs in this 
landscape (see Annex 1, Measure 13). Field trenches and small-scale irrigation ponds provide 
opportunities for improved water resource management by farmers. Field trenches involve extensive 
ǇƭƻǳƎƘƛƴƎ ǘƻ ǘƘŜ ǊƛƎƘǘ ŀƴƎƭŜ ƻŦ ŀ ŦƛŜƭŘΩǎ ǎƭƻǇŜ, filtering runoff water, reducing soil degradation and 
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enhancing infiltration of surface run-off and soil moisture. These should be supported by the 
establishment of agricultural field buffers (see Annex 1, Measure 15). A network of connected buffers 
will provide ecosystem services including erosion control, pollination, water retention through water 
infiltration and slowing surface flow. They can significantly reduce agricultural runoff. Buffer zones are 
important for ecological connectivity within the wider landscape, connecting and separating 
landscape features and linking habitats to create wildlife corridors. 

Opportunities exist for expanding the existing network of decentralized irrigation ponds upstream of 
Sompoi reservoir, to provide greater water security for farmers. The establishment of native grass 
species or woody species on the pond banks will ensure bank stabilisation and avoid sedimentation. 
This approach could be applied across the landscape. 

 Project benefits 

¶ Restoration of degraded reservoir and catchment, improving water supply functionality; 

¶ Rehabilitation and riparian buffers for 12 km of drainage channels; 

¶ Construction of over 50 new small-scale irrigation ponds, to support decentralised seasonal 

water security; 

¶ Restored vegetation nodes and corridors within approximately 330 Ha of agricultural land 
north of Sompoi reservoir, including field buffers; 

¶ Water conservation irrigation measures to support improved irrigation and more sustainable 

agricultural practices;  

¶ Rehabilitation of 640 Ha upstream forest and drainage system in the Taphraya national park 

and buffer zone, decreasing sedimentation in the reservoir and increasing ecological 

connectivity and biodiversity; and 

¶ Restoration and reforestation of over 25 Ha of selected degraded forest sites within Taphraya 

national park buffer zone. 
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 PROJECT 4: TRANSBOUNDARY URBAN AREA FLOODING ς POIPET 
(CAMBODIA) AND ARANYAPRATHET (THAILAND) 

 Project Overview 

 

 

Project 4 was identified as a key landscape, because of the serious water management issues and 
immediate cross-border implications. The project objectives for this area are:  

¶ Define opportunities for the establishment of measures to foster cross-border waste and 

stormwater management, urban greening, river restoration, constructed wetland and 

drainage improvements; and 

¶ Work together with the lead and supporting agencies, as well as local and provincial 

stakeholders to ensure an integrated and transboundary approach to urban water 

management is implemented, that aligns with the 9C-9T Masterplan and Action Plan. 
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Table 7: Project 4 ς Master Plan implementation factors  

Item  Description 

Alignment to 
9C-9T 
Masterplan 
 

¶ Focal Area 2: Manage urban and rural flood and drought to reduce risk  

¶ Outcome 2.1: Outcome 2.1: Strengthened urban flood and drought resilience 

through innovative climate-sensitive and ecosystem-based planning tools and 

adaptation interventions 

¶ Output 2.1.4: Develop and implement protective, hybrid (green and grey) 

infrastructures to reduce urban flood risks (e.g. urban river channel improvement, 

bank stabilization and natural flood retention areas) and enhance water quality in 

two target towns (one in each country) 

Implementing 
stakeholders 

¶ Lead agency (Cambodia): Ministry of Water Resources and Meteorology 

(MOWRAM) and Ministry of Land Management, Urban Planning and Construction 

(MLUC)  

¶ Lead agency (Thailand): Ministry of Interior, Department of Public Works and 

Town and Country Planning 

¶ Supporting agency (Cambodia): Ministry of Environment (MoE), Ministry of 

Agriculture, Forestry and Fisheries (MAFF), and provincial government 

¶ Supporting agency (Thailand): National Water Resources (ONWR), the Ministry of 

Agriculture and Cooperatives, the Ministry of Natural Resources and Environment 

(MoNRE) and provincial government  

Alignment to 
agency priorities 

In Cambodia, MLUC has the mission to lead and manage land use, urban planning, 
construction projects and land conflict and MOWRAM has the mission to lead flood 
management in the catchment. In Thailand, the Ministry of Interior is responsible for 
core areas including local administration, disaster management, road safety, land 
management and public works 

 

 Site description  

Aranyprathet in Thailand and Poipet in Cambodia are neighbouring towns across the international 
border between the two countries. Both are fast growing cities (Figure 18) with expanding Special 
Economic Zones, with incoming residents and new development areas and industries. Aranyaprathet 
is in Amphoe Aranyaprathet district, Sa Keo province and Poipet is situated within the district 
boundaries of Poi Pet in Banteay Meanchey province.  
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Figure 18: Rapid development over time at Aranyaprathet and Poipet urban areas 

2005 2015 2021 
Aranyaprathet 

   
 

                           2005                                                        2015                                                          2021 
Poipet 

   

The cities are linked by a railway line and National Highway No.5 in Cambodia which continues as Road 
33 in north-west direction through Aranyaprathet. There are railway stations in each city. The channel 
of the Huai Phrom Hoad River (Thai name) or Ou Chrov River (Cambodian name) acts as the border 
dividing the two cities, and two countries, and then continues as the upper part of Serei Sisophon 
River in Cambodia although it encounters many blockages and obstructions due to development 
before reaching Sisophon city.  

Both cities face serious flood problems. Overbank flow inundating residential and industrial areas 
situated next to the river can be observed almost annually. Poipet is a focal point of support from the 
Asian Development Bank for solid waste management and drainage. Current proposals are for a new 
drainage network following the natural topography, discharging stormwater collected towards the Ou 
Chhrov River10. On the Thai side, there are plans to build a large flood diversion canal and a concrete 
flood wall next to the existing channel, to protect Aranyaprathet with downstream implications.  

Taking a transboundary perspective, both cities have similar development potential but also similar 
problems due to development. However, neither the planned diversion and flood wall on the Thai side 
nor drainage improvement in Poipet take transboundary issues into account. Coordination between 
the towns on flood management and water quality is not apparent.   

The reasons for the flood problems are manyfold. The Huai Phrom Hoad River, draining an area of 
approximately 1,443 km², arrives at Aranyaprathet and flows parallel to both towns. A small reservoir 
upstream of Aranyaprathet functions to regulate the flow in the wet season but does not have the 
capacity to accommodate annual flood events.  

The municipality has developed small scale constructed wetlands to provide some treatment of 
wastewater, with the wetlands located next to the local landfill site somewhat downstream of 
Aranyaprathet main city and upstream of Poipet. The wastewater is not treated according to 
standards, with the wetland flooded regularly during high flow which damages the planting efforts 
and degrades the effect of water treatment (Figure 19).  

 

10 ADB, 2022. Feasibility Study for Cambodia: Livable Cities Investment Project (Poipet). 
    https://www.adb.org/sites/default/files/project-documents/52064/52064-001-tacr-en_0.pdf   

https://www.adb.org/sites/default/files/project-documents/52064/52064-001-tacr-en_0.pdf























































































































































