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Executive Summary
Climate change is profoundly affecting the Greater Mekong Region’s (GMR) biodiversity, water resources, and economy, and, in turn, its people.  The region’s large human population (a large proportion of which lives in low-lying areas and depends on ecosystem services), rapid development, and extraordinary biodiversity all make it one of the most vulnerable in the world to climate change. 

An area-based, multi-sectoral vulnerability assessment that considers climate change in the context of other change factors can help elucidate how these changes will affect the relationships among biodiversity, ecosystem services, and people.  This holistic, inter-disciplinary approach provides insight into potential adaptations that would avoid major trade-offs, enhance resilience, maintain key ecosystem services, and conserve biodiversity. 

To this end, over 100 regional experts convened in Bangkok, Thailand on July 20-21, 2009 to assess the climate change vulnerability of 6 high priority biodiversity conservation areas, to develop preliminary adaptation strategies for these areas, and to identify any knowledge gaps that hinder adaptation planning.  This workshop, convened by the WWF Greater Mekong Programme in collaboration with Conservation International (CI), the International Union for Conservation of Nature (IUCN), the Mekong River Commission (MRC), Southeast Asia START Regional Center (SEA-START-RC), and the Swedish Environment Secretariat for Asia (SENSA), focused on key relationships between biological resources, development pressures and other trends, and climate change, and how these relationships affect both biodiversity and in turn human well-being.  Through modularized working group sessions, expert participants successively built knowledge of key issues for the following six priority areas in the region:  the moist forests of the Central Annamites, Dry Forests of eastern Cambodia, Mekong Delta, Siphandone stretch of the Mekong River, Tonle Sap lake, and Western Forest Complex and Kaeng Krachan Complex in Thailand.  

The results of these working group sessions firstly underscored the vast biodiversity and importance of the ecosystems in the GMR.  Each of the 6 priority areas is home to a number of endangered and endemic species, in addition to unique habitats.  Furthermore, the services these ecosystems provide are critical for human livelihoods in the region.  However, a number of development stresses and other trends are expected to put great pressure on the biological values in each area over the next decades; these “drivers of change” include trends that fall generally under the categories of economic development; hydropower, roads, and other infrastructure; mining; agriculture; fishing and aquaculture; human migration and population growth; recreation and tourism; awareness, policy, and governance; and other miscellaneous drivers.  Climate change is expected to exacerbate these pressures and substantially impact the key biological values in the region.  

Directly, in each of the 6 priority areas there are a number of species, habitats, and ecosystem services likely to be highly sensitive to climate change; for example, high-latitude species, restricted range species, poor dispersers, low-lying island species, mountain-top endemic species, and extreme niche specialists are expected to be particularly vulnerable.  Indirectly, climate change also is expected to magnify, rather than reduce, the current and predicted pressures of development and other trends on GMR ecosystems.  In particular, agriculture and aquaculture are expected to be particularly climate sensitive, highlighting the potential for severe food insecurity in the region.  This food insecurity likely would lead to increased hunting and non-timber forest product collection, land conversion, and changes in agricultural crops and techniques.  In addition, migration likely will be highly affected by climate change, due to food insecurity, flooding, changes in land suitability, and changes in livelihoods and economic opportunity.  Climate change effects on tourism, infrastructure, and fire risk also are of concern.  

However, aside from these broad expected changes, there are a number of important knowledge gaps that currently are preventing a comprehensive assessment of climate change and other impacts on key biological resources in the region.  Particularly, there is a need for a better understanding of climate change effects on ecosystems.  Also, there are significant gaps in understanding of economy and costs, gaps in the development of methodology and tools, gaps in systems, gaps in cooperation, and gaps in cooperation and partnerships.  

As the main output of this workshop, participants identified a number of actions to fill these knowledge gaps and adaptation strategies that could reduce the negative affects of climate change and other pressures in the region.  Potential strategies fell broadly under the following categories:  ecosystem-based approaches, infrastructure, research, institutional and planning, livelihoods and community, and information sharing and capacity.  Particularly, participants identified a need to increase awareness and knowledge of climate change impacts and to review agricultural practices and develop climate resilient crops.  In addition, further actions to review and enhance protected areas, to improve forest fire management, to identify and implement “win-win” or “no regrets” adaptation options (those that increase capacity or improve development, all while increasing resilience to climate change), and to explore Integrated Water Resources Management (IWRM) also are desirable. 

Due to the complicated linkages among biodiversity, ecosystem health, and human livelihoods in the GMR, any strategies to reduce vulnerability to climate change must be mainstreamed into planning and management across sectors.  Also needed are alternative, more sustainable development scenarios, emphasizing regional cooperation and an integrated approach to conservation and adaptation planning.   

Overview

Background and Rationale

Climate change is profoundly affecting the Greater Mekong Region’s (GMR) biodiversity, water resources, and economy, and hence its people.  The region’s large human population (a large proportion of which lives in low-lying areas and depend on ecosystem services), rapid development, and extraordinary biodiversity all make it one of the most vulnerable in the world to climate change.  Adaptations mainstreamed into planning and management at all levels and across all sectors would help reduce this vulnerability.  Also needed, however, are alternative, more sustainable development scenarios emphasizing regional cooperation and an integrated approach to developing adaptations.  An area-based, multi-sectoral vulnerability assessment that considers climate change in the context of other change factors should help elucidate how these changes will affect the relationships among biodiversity, ecosystem services, and people.  This holistic, inter-disciplinary approach should provide insight into potential adaptations that would avoid major trade-offs, enhance resilience, maintain key ecosystem services, and conserve biodiversity.

Scope

WWF collaborated with CI, IUCN, MRC, Raks Thai, SEA START RC, and SENSA to convene a 2-day workshop on 21-22 July, 2009, to carry out such an assessment based on expert judgment and a synthesis of current knowledge.  The workshop convened technical experts from diverse disciplines and institutions in the GMR to assess the climate change vulnerability of six high priority biodiversity conservation areas (see list below), to develop preliminary adaptation strategies for these areas based on existing knowledge, and to identify gaps that hinder adaptation planning.  In each priority area, participants assessed the relationships among biodiversity, ecosystem services, and society in the context of future changes and pressures (including climate change, development, and other change factors). 

Participants

The success of this approach depends on understanding the context of each area.  This context encompasses ecological, community, development, and other relevant perspectives. Thus, workshop participants include representatives from different sectors (government, NGO, research) who have expertise in social sciences, economics, development, ecology, hydrology, and other disciplines.  
Objectives

· Provide a forum for experts from across the GMR to share and apply their knowledge.

· Identify data sources, knowledge, tools, and enabling conditions needed to implement climate change adaptations in six high priority biodiversity conservation areas in the GMR (see map under “Outputs” below):

· The Mekong Delta;

· Tonle Sap;

· The Siphandone reach of the Mekong River and associated riparian habitats; 

· The moist forests of the Central Annamites;

· The Lower Mekong dry forests in eastern Cambodia; and

· The Western Forest Complex, Kaeng Krachan Forest Complex, and corridor area between the two in western Thailand.

· Clarify who is working on filling data and knowledge gaps and where;

· Identify the key change factors that may influence the priority biodiversity conservation areas and the ecosystem services they provide;

· Qualitatively assess the biological sensitivity and overall vulnerability to climate change in the priority biodiversity areas; 

· Provide a forum to forge partnerships to 

· Fill identified gaps in knowledge for adaptation planning;

· Refine and implement adaptation strategies that could be tested now; and

· Discuss opportunities for national and regional policy framework collaboration.

Outputs

The workshop’s proceedings and discussions are synthesized in this report that includes: 

1. A summary of future change factors that will influence each priority biodiversity conservation area with emphasis on the combined effects of climate change and socio-economic factors. 

2. A qualitative assessment of the vulnerability of the priority areas that highlights the combined effects of climate and non-climate pressures on ecosystem attributes and services.

3. A summary of technical and policy-relevant adaptation options that will help enhance the resilience and maintain the integrity and functions of ecosystems in the priority areas.

4. An area-specific summary of (a) gaps that need to be filled for successful adaptation planning and implementation; (b) opportunities for resilience-enhancing actions based on existing knowledge; and (c) the functions and benefits that the priority biodiversity areas provide at the national and regional scale in terms of resilience and future adaptation capacity.  

This report will be used to develop joint proposals to:  1) fill identified gaps and the appropriate adaptation strategies, 2) start testing identified adaptation strategies where feasible, and 3) develop recommendations for incorporating climate change adaptations into national and regional development policies and to improve regional coordination of climate change responses.
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Methodology

This workshop built knowledge of key issues in the six priority areas through keynote presentations that provided general context for the later discussions, plenary presentations that clarified key issues and provided guidance relating specifically to working group tasks, and working groups sessions that identified key information for each of the priority areas – the main output of this workshop.  The working group session tasks were designed with the intention of building knowledge of each priority area successively under the following logic (the table or tables that summarize outcomes of the corresponding working group session, if applicable, are indicated in parentheses below):

· Working group session 1a. Identify key biological values, to determine what is at stake (Tables 1 and 2).

· Working group session 1b.  Identify current or expected development and other trends, to determine a plausible future if climate change did not exist (Tables 3 and 4).

· Working group session 2.  Identify which biological values are particularly vulnerable to climate change, to determine a plausible future if development and other changes did not exist (Tables 5 and 6).

· Working group session 3.  Identify which development and other changes are particularly vulnerable to climate change, to determine the magnifying effects of climate change on these factors (
· Table 7
).

· Working group session 4.  Assess how the combination of climate change and other trends likely will affect key biological values, to determine a plausible future in which climate change, development, and other factors all exist and interact with ecosystems.

· Working group session 5.  Develop adaptation options and strategies to increase the resilience of ecosystems to the combined effects of climate change, development, and other trends.

This report follows the workshop methodology in a linear fashion; that is, the following sections first summarize the key background information on which working group sessions were based, then include the corresponding working group outcomes.  For further details on background information, a transcript of each presentation is included in Annex 1.  Usually, results for the working group sessions are reported separately for areas that are primarily “terrestrial” and those that are primarily “aquatic”; while any given priority area may include both terrestrial and aquatic habitats, this distinction is made for convenience of reporting.  

“Terrestrial” areas include:

1. Moist forests of the Central Annamites (hereafter referred to as “Central Annamites”)

2. Dry forests of eastern Cambodia (hereafter referred to as “Dry Forests”)

3. Western Forest Complex & Kaeng Krachan Complex 

“Aquatic” areas include:

1. Mekong Delta

2. Siphandone stretch of the Mekong River (hereafter referred to as “Siphandone”)

3. Tonle Sap

Assumptions

Working group session outcomes were generated under the following guiding assumptions:

1. Biodiversity conservation is a priority in each of the six areas; debating this is not a workshop objective.

2. The priority areas are not 100% protected; development aspirations and needs are an integrated component of conservation strategies.

3. Freshwater areas especially must consider up- and down-stream effects; the three terrestrial sites should consider matrix and the larger landscape as well, but these generally are easier to circumscribe.

4. The participants present were invited because of their specific knowledge and experience in the six priority areas, or because they have disciplinary expertise that would allow them to contribute substantively to the discussions.

5. Sustainable development depends on biodiversity conservation and the maintenance of ecosystem services.

Understanding Key Issues in the Greater Mekong Region

In order to develop successful adaptation strategies for climate change in the Greater Mekong Region (GMR), it is necessary first to understand four key topics, as follows:

1. The biodiversity of the GMR and its importance for conservation; conventional threats and the new challenges climate change brings; and linkages among biodiversity, ecosystem services and human livelihoods, which emphasize the urgent need to implement ecosystem-based adaptations and a regional climate change adaptation agreement.  
The GMR is a spectacular place and is in urgent need of collective action for a number of reasons, including:  the region’s diverse and unique geography, climatic conditions, and cultures; the existence of extraordinary and unique biodiversity along-side a rapidly growing human population and economy in the region; the high dependence of people and economic development in the region on natural resources and ecosystem services; the extreme vulnerability of the region’s ecosystems and people to climate change; and the fact that climate change combined with other global drivers of change have enormous social, economic, and biodiversity consequences in the region.  The incredible biodiversity of the area is particularly evident by the huge number of new species discovered during only a 10 year period – at least 1,068 new species discoveries were published in scientific literature between 1997 and 2007 (compared to about 300 species found in Borneo during the same period).  In addition, there is a strong linkage between this phenomenal biodiversity, the ecosystem services the area provides, and the necessity of functional ecosystems to human livelihoods in the region.  These linkages are particularly evident in the role of species richness in maintaining Mekong River fisheries on which so many people depend.  

However, this phenomenal place is under serious threat.  According to Oxfam 2007: “the ability of natural resources to continue to support poor peoples’ livelihoods in the Mekong is at a crisis point. Forests and rivers are in a state of rapid ecological decline caused by human over-exploitation.” – Climate change is yet another layer of pressure magnifying these effects and will profoundly affect the region’s biodiversity, water resources, and economy, all of which in turn will impact its people.  With the world’s attention on the upcoming climate change summit in Copenhagen, the GMR has a unique opportunity to develop and implement a regional climate change agreement; but first, the region needs to identify its goals for both Copenhagen and for the future.  This workshop provided an opportunity for the region’s foremost experts to identify and develop these goals.  (See Keynote 1 Transcript for further details)
2. The value and importance of ecosystem services in climate change adaptation strategies.  

While current efforts to address climate change focus mainly on two strategies -  mitigation and adaptation -  the World Bank report “Convenient Solutions to an Inconvenient Truth:  Ecosystem-based Approaches to Climate Change” sets out a compelling argument for including a “third and essential pillar” in national strategies to address climate change – ecosystem-based approaches to climate change include actions taken to preserve key biological resources and the ecosystem services they provide.  The goal of such approaches is to protect key ecosystem services on which human livelihoods depend and to maintain access to resources during difficult times, including drought and disaster.  The fundamental argument for these strategies is that resilient ecosystems lead to adaptive capacity for both biodiversity and people to climate change.  For example, healthy ecosystems provide watershed protection and recharge, which is vitally important because climate change is expected to lead to water scarcity.  Healthy ecosystems also can buffer against the severity of climate change through localised climate regulation and protection during extreme climate events through, for example, coastal barriers and other flood controls.  Furthermore, ecosystems can even assist in monitoring climate change impacts through the observation of affects on highly vulnerable species.  Therefore, in order to reduce the affects of climate change, it is extremely important to maximize ecosystem resilience and, if ecosystems are already diminished, to rebuild their resilience.  
Furthermore, compared to hard infrastructure adaptation measures, maintaining and building ecosystem resilience is a “win-win” strategy – even if climate change did not exist there are still other benefits of maintaining and building ecosystem resilience, such as biodiversity protection, ecosystem services, societal benefits, amenity, lower cost (though long term), and lower risk (many ecosystem based approaches have already been proven effective).  Furthermore, ecosystem based approaches to climate change adaptation can complement other national and international strategies and also work towards mitigation efforts such as carbon sequestration and storage.  For these reasons, it is critical to emphasize to policy makers, economists, and engineers the value of ecosystems to adaptation, and to ensure ecosystem resilience is included in climate change adaptation plans.  (See Keynote 2 Transcript for further details)
3. The manner in which vulnerability assessments are used to understand climate change effects and adaptation options. 

Global climate change, driven by the emission of greenhouse gases (GHG), is slow and gradual, and it may take several decades for the physical effects to be clearly seen.  Furthermore, it is extremely difficult, perhaps impossible, to identify the environmental impacts that result from local drivers (physical, economic, and social development impacts) versus those that result from global drivers (e.g. climate change) – there are complicated linkages between local and global drivers, and climate change can enhance, reduce, or generally change these relationships.  To reduce the problem of causation, “scenarios” can be used a starting point for evaluating potential climate change affects, because they can be developed with increasing levels of complexity from a very simplistic baseline.  However, it is fundamental to understand that scenarios are not predictions – rather, they describe a plausible future.
Ideally, a useful scenario examines a time period approximately 20-30 years in the future, considering the following six parameters:

1. Area management scheme and governance

2. Human impacts and society (e.g. capacity, awareness, livelihood, ecosystem dependency, etc.)
3. Organization and networking (within and between systems, sectors, and individuals)

4. Financial funding and investment opportunities

5. Infrastructures and mega projects (e.g. roads, dams, dykes, power generations, new urban centers, etc.)
6. Overall picture of the landscape

Most importantly, these parameters should not be constrained to current conditions, because a great deal can change over several decades.  Typically, “2-D Scenario Development” is particularly useful to vision these parameters into plausible futures; this process identifies the most important drivers of change in each area, and their opposite extreme, and plots the potential combined outcomes on a four quadrant spectrum.  These 2-D models need not be quantitative in the early stages; rather, qualitative scenarios that conceptualize how factors and drivers are linked or interlinked are extremely useful.  However, analysts should optimize the synergism between these qualitative 2-D scenarios and quantitative models when possible.  Two or three alternative 2-D models can provide a useful starting point to identify a range of plausible futures. (See Keynote 3 Transcript for further details)

4.  The major paradigms of development in the region; the process of building scenarios; and the manner in which scenarios can be used to devise alternative development pathways.

Development policy is an attempt to identify and solve complex problems and manage uncertainty; within this process, basic “development narratives” or stories of how a “problem” has arisen and will unfold, and hence what the necessary course of action should be, are extremely powerful.  It is through these stories that actors and institutions make claim to action and ownership over resources; furthermore, these narratives become “conventional wisdom”, which is deeply embedded in persons’ perceptions and is rarely challenged.  Therefore, development narratives are extremely effective at legitimizing certain types of knowledge and action.  There are many stories about the future of GMR development, and all development stories come with uncertainties.  Scenario analysis is a potentially useful tool to explore the important uncertainties.  

To construct a useful scenario, one must construct plausible, internally consistent stories about the future.  Furthermore, stories should have clear assumptions that can be contrasted and debated, which can help explore situations where a few uncertain conditions have a large bearing on outcomes.  These scenarios are generally constructed in a 2-D model (as discussed in Keynote Presentation 3), representing possible combinations of the extreme spectrum of two indicators.  By utilizing these scenarios, it becomes possible to create alternative development pathways.  (See Keynote 4 Transcript for further details)

Identifying Key Issues in Six Priority Areas

Key Values of Priority Areas:  Species, Habitats, and Ecosystem Services

Working Group Session 1a:  Identifying core ecosystem values in priority areas 

To put into context the scope and impacts of potential changes in each region, both due to climate change and other factors, working group participants were tasked with identifying core values (critical habitat, species, and ecosystem services) pertaining to biodiversity in each priority area.  Participants were then asked to rank each attribute in terms of its relative importance to biodiversity.  For example, participants were encouraged to answer “What species are flagship species in the area?” and “What are the most critical habitats?”.
The outcomes of this working group session underscored the vast biodiversity and importance of the ecosystems in the GMR.  Most groups identified a number of endangered and endemic species, in addition to unique habitats, in each area.  Furthermore, the services these ecosystems provide are critical for human livelihoods in the region.  The outcomes of this working group session are summarized in  table 1 and table 2.
Table 1. Key Values:  Species, Habitats, and Ecosystem Services, Terrestrial Priority Areas

	
	Species
	Habitats
	Ecosystem Services

	Central Annamites
	• Saola
• Endemic and endangered primate
• Lowland pheasants
• Montane birds
• Annamite striped rabbits
• Freshwater turtle / terrapins
• Asian elephant
• Indochinese tiger
• Khanou
• Endemic fish species
• Gaur
• Neusnakes species
• Annamite muntjac
• Three conifer species 
• Ginseng species
• Slipper orchids 
• Cycads species
• Dalbergia species  (Red List)
• Dipterocarp species (Red List)
• Glyptostrobus pensilis (Red List)
	• Limestone forest / Karst
• Evergreen forest
• Everwet Pl. Refogia
• Broadleaf mixed conifer
• Lagoon
• River basin
	• Electricity potential – Hydropower
• Water supply – irrigation / urban
• Groundwater conservation
• EcoTourism
• Carbon storage
• Livelihoods safety net – forest/wetland resources
• NTFPs (medicinal, ornamental)
• Cultural / Spiritual Services
• Erosion / landslide / flood control
• Soil conservation
• Microclimate regulation (rainfall, temp.)

	Dry Forests
	Critically Endangered (*)
• Giant ibis
• White shouldered ibis
• Gyps
• Slender billed vulture
• White rumped vulture
• Red headed vulture
• Siamese crocodile 
• Irrawaddy dolphin

Endangered (*)
• Green peafowl
• Greater adjutants
• Asian elephant
• Eld’s deer
• Banteng
• tiger
• black shanked douc langur
• yellow cheeked crested gibbon
• Dhole
• Elongated tortoise

Vulnerable
• Lesser adjutants
• Gaer
• Clouded leopard
• Jungle cat

Unknown status (at time of workshop)
• Black necked stork
• Wild buffalo
• Kouprey 
• Indochinese silvered langur
	• Largest contiguous block of deciduous/dry dipterocarp forest in SE Asia (*)
• Dry/seasonal evergreen forest (*)
• Seasonal wetlands (*)
• Open grasslands
• Riparian forests
• Upland evergreen forests (dry season refugia)
• Srepole and tributaries, seasonal rivers
	• Carbon sequestration
• Livelihoods for local communities (up to 200K now?)
o NTFPs:  resin
o Timber
o Local agriculture
o Local and commercial fisheries
• Watershed for major Mekong tributaries
• Ecotourism and hunting
• Cultural and traditional value of ecosystem for indigenous communities
• Mining – bauxite, gold
• Energy – hydropower
• Food – large-scale ag (rubber, sugarcane, etc)

	Western Forest Complex & Kaeng Krachan Complex
	• For WEFCOM, BCI, and KKFC
Tiger (1)
Elephant
Wild Water Buffalo
Bantaeng 
Gaur
Tapir
Rufousneck Hornbill
Soft Shell turtles
More than 1000 tree species
Many new plant species discovered

• For WEFCOM only
More than 490 bird species
Cave Endemism (Fish, bats, arthropods)
Sympatric species (Intact Mammal assemblage) (2)

• For KKFC only
More than 600 bird species
Siamese Crocodile (3)
Sympatric species (Intact Mammal assemblage) (2)
	• Crossroads for 4 biogeographic zones (1) 
o Malayan-Sundaic
o Himalayan
o Indo-Burmese
o Indo-Chinese
• Largest intact mixed deciduous dipterocarp forest in the region (2)
• Karst Habitat (caves, local springs) (3)
• Peat swamp
	• For WEFCOM, BCI, and KKFC
Carbon Sequestration (2)
Cultural diversity/Preservation of endangered cultures 
Pollination
Seed dispersal  
Genetic bank 
Bats (pollination/pest control)
Pest control
Pollination 
Irrigation
Local Economic/Recreational/Tourism (3)

• For WEFCOM and KKFC only
Intact watersheds (a fifth of Thai watersheds; supply for irrigation) (1)
International Economic/Recreational/Tourism  (3)
 
• For BCI only
Cultural/Religion
Livelihood/Agroforestry/NTFP

	NOTE:  The Central Annamites group did not prioritize values.  The Dry Forests group prioritized values absolutely, rather than relatively (denoted by *).  The Western Forest Complex & Kaeng Krachan Complex group prioritized the three most important values relatively, with 1 denoting the most important


Table 2. Key Values:  Species, Habitats, and Ecosystem Services, Aquatic Priority Areas

	
	
	Species
	Habitats
	Ecosystem Services

	Mekong Delta
	Upper (Freshwater)
	• Red Crane
• Monkey
• Migratory and nonMigratory birds
• Reptiles
	• Swamp forest
• Melaleuca
• Grassland
• Limestone
• Rice field
	• Water purification
• Flood prevention
• Pest control
• Aquifer recharge
• Carbon storage
• Food
• Water
• Medicinal plants
• Tourism
• Future benefits and existence value

	
	Middle (Brackish)
	• Migratory and nonMigratory birds
	• Swamp forest
• Grassland
• Rice field
	• Wastewater treatment
• Nutrient cycling 
• Food
• Water
• Medicinal plants
• Tourism
• Future benefits and existence value

	
	Coastal (Saline)
	• Migratory and non-migratory birds
• Monkey
	• Swamp forest
• Mud flats
• Grassland
• Mangroves
• Seagrasses
• Coral reefs
	• Storm protection
• Coastal erosion prevention
• Supporting fisheries, breeding and nursery habitat for fisheries
• Carbon storage 
• Food
• Water
• Medicinal plants
• Tourism
• Future benefits and existence value

	Siphandone
	
	• Biodiversity of aquatic and animal species
• Endangered fish species – catfish, giant rays, probarbis
• Dolphins (2)
• Endangered 
• Fish (1)
	• Wetlands – flooded forest, gallery forest
• Sand banks, sandy islands
• Fish habitats – rapids, deep pools, migration paths, feeding habitats, breeding habitats (1)
• Dolphin habitat
• Waterbird habitat – Mekong wagtail and others
	• Migration path
• Hydrological regime
• Wide variety of ethnic groups with important social and cultural values
• Use values
• Fish for food
• Nontimber forest products
• Role in mitigating natural disaster
• Livelihood and economic values
• Tourism / ecotourism – dolphins, landscapes, waterfalls (3)
• Agricultural values 
• Provisioning – flood protection / water management
• Nutrient recycling
• Spiritual values – large trees – ficus religiosa; spiritual value of water
• Cultural values – Siphandone song
• NTFPs – traditional medicines; bamboo; reeds – local people in Stung Treng and collating lists of significant plants

	Tonle Sap
	
	• Many vulnerable and endangered species – eg. Mekong Giant Catfish 
• Focus on taxonomic groups of fish, birds, mammals and reptiles
	• Fish Sanctuaries (deep pools)
• Flooded Forest
• Dry Season Ponds
• Floodplain 
• Water bird colony and nesting areas
	• Fisheries Productivity
• Nutrient Flow/Deposition on Floodplains
• Regulation of Flood Pulse
• Nutrient flow and deposition
• Water level/flood pulse
• Fisheries productivity (both TS and regional)
• Prevention of saltwater intrusion in the Mekong delta through regulation of the flood pulse
• Flood mitigation, ecotourism (small scale)
• Water for agricultural production in the floodplains (and beyond)

	NOTE:  The Mekong Delta and Tonle Sap groups did not prioritize values.  The Tonle Sap group discussed the importance of endangered species and economically important species; however, as there are so many fish species in the Tonle Sap, and so much uncertainty, there was a discussion on what characteristics that were most significant.  The Siphondone group prioritized the three most important values relatively, with 1 denoting the most important.


Current and Expected Development or other Non-Climatic Trends in Priority Areas

Working Group Session 1b:  Identifying current trends and changes in priority areas 

After identifying core ecosystem values in each area, participants were tasked with identifying major changes expected in the area over the next 25 to 50 years that will affect the ecosystem values identified in Working Group Session 1a (presented in tables 1 and 2). The changes identified could be planned or expected development projects, or other expected changes, exclusive of expected climate change effects.  The results for this session could roughly be categorized as “drivers of change”.  

Independently, each of the six groups identified similar trends falling generally under:  economic development; hydropower, roads, and other infrastructure; mining; agriculture; fishing and aquaculture; human migration and population growth; recreation and tourism; awareness, policy, and governance; and other miscellaneous drivers.  The results of this working group session, summarized in Table 3 and Table 4 below, underscored the dramatic changes expected in the region, most of which will be threats to the biological values in each area even without climate change.  Additionally, the Siphandone working group identified the affects of these trends on biodiversity values, highlighted in Annex 2.

Table 3. Current and Expected Development or other Non-Climatic Trends, Terrestrial Priority Areas 

	
	Central Annamites
	Dry Forests
	Western Forest Complex & Kaeng Krachan Complex

	Economic development
	• GMR East West Economic Corridor
• Increased purchasing power
	• Economic land concessions (forestry, agriculture, speculation) (*)
• Social land concessions
	• Economic corridor
o Increased roads and other infrastructure
o Affects specially WEFCOM
o Uncertain support to corridor post-ADB

	Hydropower
	• Hydropower plants
	• Hydropower (2 major dams planned)
	• Hydropower plans (existing and planned)

	Roads & other Infrastructure
	• Construction of East Truong Son
• Other road construction
• Infrastructure development
	• Roads, new and upgrades (plus secondary effects such as forest clearance, hunting, wildlife trade, invasive species, fire) (*)
	• Road Infrastructure
o North south (WEFCOM-BCI-KKFC)
o East West (BCI – WEFCOM)
o Still in planning stage
o If come true many impacts associated to them (land conversion etc)
• Gas pipes (existing and planned)

	Mining
	• Gold Mining
• Other mining
	• Mining concessions - operation and exploration (small and large-scale, gold/bauxite/gems) (*)
	• Land conversion associated to mining (Illegal and Legal)

	Agriculture/Fishery
	• Rubber, acacia, eucalyptus plantations
• Fishery (negative downstream/positive at reservoirs)
	• Agriculture (large-scale: rubber, cashew, jatropha/biofuels; small-scale: rice, cassava, coffee)
	• Land conversion associated to agriculture
o Biofuel (oil palm, sugar, corn)
o Cash Crops (corn, sugar cane, pineapple)
o Commercial plantations (rubber, teak)
o Subsistence not so problematic, but grand-scale is
o Affects all 3 areas but specially BCI
• Water over-extraction and pollution from Agriculture
• Chemicals from agriculture have toxic effect on insects, plants, and up the chain to vertebrates

	Migration/Population growth
	• Relocation, settlement, and population growth , including loss of traditional knowledge (*)
	• Migration (expected from lowland areas) (*)
	• Migration
o Burmese migrants pass through the area
o Domestic migrants move to the cities from lack of opportunity
• Forced Settlement
o Refugee camps

	Recreation/Tourism
	• Ecotourism development/opportunity 
	• Wildlife/ecotourism (plus secondary effects such as migration, loss of culture)
	• Land conversion associated to recreational development and tourism
o sprawl
o Resorts (BCI)
o Golf courses (BCI)
o River related (rafts) (WEFCOM – KKFC)
o 4-wheeling (WEFCOM – KKFC)

	Awareness, Policy, & Governance
	• National strategies and plans
• Protected area development/planning
	
	• Lack of conservation awareness influences policy, Especially local level
• Lack of integrated planning and practice across the 3 areas

	Other
	• Wildlife animal farming
• Extinction/biodiversity loss (*)
• Habitat loss (*)
• Wildlife/timer trade (*)
• Degradation of waterways (*)
• Payment for environmental services 
• Pollution  
• Increased subsistence logging/hunting 
• Invasive species 
• Loss of natural restoration area 
• Chemical contamination 
• Land price fluctuation
• Increased accessibility to economically valuable species
• Pressure on traditional livelihoods
	• Hunting, legal/regulated and illegal
	• Carrying Capacity
o Uncontrolled increase in the number of visitors
o Management capacity
o Management policies
o Waste management
o Lack of parity between park management and poachers (Poachers have more resources)
o Limited resources at park disposal
• Transboundary Issues
o Commercial Poaching
o Trafficking (timber and wildlife)
o Domestic cattle moves across borders 
o Elephant smuggling/trapping
• Fires
• Human wildlife conflict 
o Elephant
o Tigers

	NOTE:  The Western Forest Complex & Kaeng Krachan Complex group did not prioritize values.  The Central Annamites and Dry Forests groups prioritized values absolutely, rather than relatively (denoted by *).


Table 4. Current and Expected Development or other Non-Climatic Trends, Aquatic Priority Areas 

	
	Mekong Delta
	Siphandone
	Tonle Sap

	Economic development
	• Industrial development (saw mill, thermal energy plants)
• Land reclamation for industrial activity, related to river dredging and extract of sand 
• Changing preferences and increased standards of living placing increased pressure on resources 
• ‘Natural’ migration from rural areas to urban areas for employment, including migration both from within the Delta, and to the industrial zone 
• Industrialization through ‘industrial zones’ 
• Sectoral shift  
• Labour force changes
	• Economic development – integrated markets with neighbours – higher demand for resources
o Impacts on equality?
	

	Hydropower
	• Reservoir and dam development in upstream areas
	• Hydropower
	• Larger systems cannot mitigate against migration problems, well-designed smaller systems may be able to use mitigating technology (e.g. fish ladders) - very important because ~70% of fish are migratory
• Potential to change the flows in the Mekong (see current assessment of the MRC – which will focus on the Mekong mainstream)
• Important to consider relative utility and impact of alternative renewable energy technology (solar, wind and biofuels) and institutions become aware of these and their role in rural electrification

	Roads & other Infrastructure
	• River dikes - Ministry plans to build dykes upriver to prevent saline inundation.
Coastal zone dikes (sea dikes) 
• Expansion road networks 
• Gas pipeline development
• Loss of biodiversity and habitat fragmentation - expansion of road networks
	• Rural electrification
• Infrastructure (roads etc)
	

	Mining
	• Exportation of sand and gravel
• Mining
	• Mining 
o Copper / gold upstream – Savannakhet
o Bauxite on Bolavens Plateau (which catchments?)
	

	Agriculture
	• Continuing crop changes and diversification 
• Abandoned shrimp farms being converted to rice fields 
• Agricultural practices and overuse of pesticides, herbicides, and fertilizer. 
• Land use change – conversion of natural ecosystems for aquaculture and food production (rice) 
• Expansion of irrigation systems for agriculture 
• Change in structure of agriculture -transition from smallholders to more corporate, large scale agriculture
• Diversion of water for irrigation upstream
	• Agricultural change (irrigation, plantations, chemical use, livestock replacing fish)
	• Increased clearing of the flooded forest
• Increased use of small dam construction for irrigation
• Increased use of pesticides and fertilizer use to support dry-season rice
• Necessity to build or maintain the 2 seasons of rice production and role of the System of Rice Intensification (SRI) 
• Other crops: watermelon, corn, mung-bean, tobacco, soy bean, lettuce, and lotus
• Some swidden agriculture and some eucalyptus
• Price of pesticides and fertilizers frequently in aid project budgets
• Current strong flushing action of the lake, so excess nutrient loads from fertilizer not a large problem
• Dry winds from the north are very bad for crops (linked also to pest activity), but wind from the south is beneficial

	Fishing/Aquaculture
	• Land use change – conversion of natural ecosystems for aquaculture and food production (rice) 
	• Changes from capture fisheries to aquaculture
	• As catch-per-unit effort decreases there is a ‘race to the bottom’:
o Increasing use of larger and finer nets,
o Increased use of fish aggregating devices (eg. brushwood),
o Long Traps (eg. bamboo frames) which block fish migration to spawning in inundated forest during flood season.
• Increasing seasonal migration from uplands for fishing during dry season
• Enforcement is difficult, but some success in ‘social enforcement’ 
• Access of subsistence fisherman/communities restricted by fishing lots
• Tributaries are ‘sliced up’ by dams and dikes
• Aquaculture is not living up to its potential; uses both native and introduced species.
• The role of national ‘fish release day' 

	Migration/Population growth
	• Population growth 
• Human health
	• Population increase – population structure, migration for jobs, labour force structure
• Urbanisation
	

	Recreation/Tourism
	• Tourism and supporting infrastructure
• Coastal tourism development
	• Tourism development
	• Increased tourism (benefits not shared with local communities) leads to pressure on natural resources, waste generation
• Increase tourism outside Siam Reap due to easier access/permission
• 250 boats/800,000 tourists access lake near Siam Reap by boat, but mostly not ecotourism and uncertain whether income reaches floating villages
• Potential to encourage tourists to stay longer to help communities to get direct incomes (e.g.Costa Rica model)
• Community Based Ecotourism (e.g. Prek Toal) could be a solution to share benefit with local communities
• Potential to promote local tourism; perhaps local tourists could pay for annual membership to a Tonle Sap foundation

	Awareness, Policy, & Governance
	• Poor, disjointed, sectoral land use planning and policy – will Vietnam proceed to more integrated planning? Uncertain, but hopeful that it will. 
• Ineffective, inadequate management of wetlands 
• Food including rice export policy 
• Changing value sets e.g. regarding wetlands as ‘wasted lands’ 
• Improved capacity in policy arena due to next generation leaders taking a more progressive, sustainable approach to development and conservation 
• Forest policy and fire management policy 
• Improved empowerment of people and safeguarding of rights to own, use, and manage natural resources
	• Increase in conservation zones – Ramsar sites, World heritage sites, national parks
• Decentralised governance – increased participation, changes in legal framework
• Changes in legal framework – eg fisheries law bans certain gear including li traps
	• Tonle Sap Basin Authority(TSBA) is critical, but their role beyond prioritizing projects is unclear
• Need to avoid institutional overlap on management and establish clear understanding of roles across all parties
• Recent progress within government ministries in building stronger regulation
• Improved capacity to manage environmental impact assessments
• Potential role of ‘Salaphoum’ – the participatory learning/action approach in Cambodia
• Very limited household awareness of climate change and dam development (where there is understanding, dams are associated with increased health and education services, transport and communication despite the fact that the main beneficiaries of energy services from dams will be urban)
• Little understanding of the impacts of deforestation and overfishing on community food and water security, 
o Building knowledge through religious approaches can be effective: “kill a tree; kill a man" community knowledge is now increased.
• See IUCN study on characterizing the range of project activity in the area, expected in the coming months

	Other
	• River channel alteration (river channel networks, dredging etc) for navigation 
• Urbanisation in coastal zone 
• Port and water transportation  
• River erosion - river dredging and changing channels for navigation, transportation - mining of sand and gravel for export and housing construction - impacts of high-speed boats on soil erosion 
• Coastal erosion 
• Loss of mangroves 
• Loss of wetlands  - land reclamation for industrial development 
• Increase in invasive species 
• Declining water quality of rivers - industrial development (saw mill, thermal energy plants) - increased sedimentation from upstream developments (road networks, other..?) - industrial pollutions from expanding ‘industrial zones’ 
• Declining water quality in estuary? 
• Decreased water availability - from decreased water flows due to altering rivers and flow regimes 
• Change in hydrological cycle
• Water shortages
• Inundation of cities
• Decreased water flows
• Deforestation
	• Technological change – new ways of doing things
• Land use change (conversion of natural systems; forest cover change)
	• Increased prevalence of invasive water hyacinth, makes navigation difficult, but useful for some handicrafts
• Oil exploration in ‘Kampong Chhnang’ leads to pressure on the natural systems through
o Additional population
o Transport and associated infrastructure
o Risks associated with spills
o Some uncertainty as to the specifics of this oil exploration 
• Existing practice of oil waste dumping for all floating communities
• Access to finance is critical for building livelihoods
• Village level ‘loan sharks’ take fish as repayment, but  terms are often ambiguous and repayments are at discretion of the lender until satisfaction of the loan is mutually agreed
• Formal microfinance does not reach majority of floating villages
• Large percentage of cooking energy from fuelwood
• Increase in use of modern ‘throw-away’(e.g. plastic bags), some ends in lake
• In dry season, some villages already 60km away from freshwater
• Experience with water filters mixed: 
o Cost $10/year 
o Difficult to maintain
o Taste issue (people generally prefer unfiltered water)
o Some larger systems are 100kg and unusable in most family buildings
o Some systems don’t effectively filter algae, etc
o Many other more desirable investments
• Diarrhea is prevalent at certain times, esp. in dry season
• Some plants are gown for fish-food, as are some snakes
• Warnings of upstream floods important but not yet effective. 
• Increased windstorms (~January) important because of wind chill – imited blankets and the small structures offer little resilience
• The market for crocodiles has suffered recently, going from $1000 but is now $300-500 per mature animal, and around $15 for a juvenile


Expected Climate Change Impacts in Priority Areas

After identifying the key values and current trends in each priority area as a baseline for present circumstances, it becomes possible to incorporate climate change into the discussion.  The goal of the following two working group sessions was to identify potential climate change impacts on both key biological values (results from Working Group Session 1a) and on expected development or other changes (results from Working Group Session 1b) in each priority area.  However, in order to identify the potential effects of climate change on specific priority areas, it is important to what the general effects of climate change are expected to be.  

First, the definition of “climate change” must be quite clear.  That is, “climate” represents long term weather patterns in a region, whereas “weather” is a daily circumstance; similarly, “change” reflects a long term trend on average, whereas “variability” reflects the normal variance in weather from the average.  While temperature often is a major focus of climate change, there are a number of other dimensions that should be considered as well, such as: seasonality, distribution patterns (of e.g. rainfall), fluctuations from year to year, and extreme weather events.  

In the GMR, climate change already is having observable affects, including:

· Increased damage, injury, and loss of life from floods, landslides, and droughts 

· Loss of mangroves, coastal erosion, and altered wetlands due to a combination of climate change and land use

· Altered fire regimes 

· Altered relative abundance of bird species in Thailand

· Altered tree species distributions and gibbon diets in Khao Yai National Park

· Rice yields decline 10% with 1˚C increase in minimum temperature

In addition, it is expected that warmer temperatures in the future will:

· Alter fire and hydrological regimes

· Dry isolated ponds and seasonal wetlands

· Shift location of species’ ranges and alter forest types

· Affect fisheries and agricultural productivity 

· Affect infrastructure viability 

· Add additional pressures on already vulnerable ecosystems 

· Increase the severity and frequency of extreme climatic events

Specifically, in freshwater ecosystems, climate change is expected to increase wet season flood risk while decreasing dry season water availability.  This reduction in dry season flows likely will increase water stress in the GMR by 2100; stress on water resources combined with reduced agricultural output would greatly increase food and water scarcity and insecurity in the region.  In addition, this change in flow pattern combined with warmer temperatures is expected to diminish water quality, shift location and size of species’ ranges, affect migration and breeding success, and alter the composition and structure of wetlands and flooded forests.  Sea level rise, saltwater intrusion, and loss of coastal ecosystems also will likely shift species’ ranges, abundance, and migration patterns; because the landward migration potential of mangroves is limited, these factors likely will lead to serious coastal erosion as well.  Furthermore, in dry forests, warmer temperatures and altered rainfall patterns are expected to alter fire regimes, change forest types, dry isolated ponds and seasonal wetlands in the Eastern Plains, cause range shifts, and alter the availability of fruit resources; in wetter forests, these changes may shift or shrink suitable habitat for rare, threatened, and endemic species because of changes in the availability of fruit resources, forest types, and floods.  In addition, current conservation threats such as hunting, wildlife trade, habitat loss, infrastructure, and illegal and unsustainable harvesting, almost certainly will be exacerbated by climate change – climate change not only will put pressure on forest and aquatic ecosystems directly, but also will interact with habitat loss and infrastructure projects that fragment and stress these systems.  Although the Greater Annamites were buffered from the effects of climate change in past, they may be more vulnerable now because of other pressures on these ecosystems such as fragmentation, hunting, etc.  For all ecosystems, as the magnitude of global temperature change increases, the severity of effects also increases.  
More generally, using scenario analysis, SEA START RC predicts that over the period of 1980 to 2090:  1) average daily and annual minimum and maximum temperatures (oC), the number of hot days in a year (defined as days with a high temperature greater than or equal to 35oC), and annual precipitation are expected to increase steadily across the region; and 2) the number of cool days in a year (defined as days with a low temperature less than or equal to 16oC) is expected to decrease steadily across the region.  This implies that the hot period of the year will be much longer, with summertime expanding into winter.  (See Plenary 2 Transcript for further details)
Working Group Session 2:  Identifying core ecosystem values (from Working Group Session 1a) likely to be most sensitive to climate change

With the aforementioned expected climate change impacts in mind, participants were tasked with identifying the species, habitats, and ecosystem services (identified in tables 1 and 2) that likely would be most sensitive to climate change.  These outcomes can be utilized in three primary ways:  1) to serve as biological indicators of climate change (to help observe and measure the actual, rather than expected, effects of climate change in the region), 2) to identify the biological resources most in need of effective climate change adaptation strategies, and 3) to identify which biological resources are most resilient and can be utilized in adaptation strategies.  This exercise considers effects to key values “in a vacuum” – that is, it identifies the potential effects of climate change on key values in the absence of other pressures.  

Measuring changes in biological resources is particularly useful to identify the effects of climate change on ecosystems.  Typically, the simplest “biological indicators” are species, because they are easier to measure than habitats or ecosystem services and can be used as a proxy for changes in other biological resources, such as their respective habitats.  For example, with species it is possible to predict latitudinal and elevational distributional shifts and changes in behavior (e.g. timing of migration or nesting), which makes it possible to evaluate the future effectiveness of current conservation interventions and to design information-based mitigation strategies.  Although species are more easily studied, it also can be useful to study the effects of climate change on habitats.  For example, it is possible to predict changes in the distribution of habitats and to evaluate future habitat connectivity and to predict the effects of climate change on species and ecosystems, and thereby provide information to policy-makers as they prioritize sites for conservation.  Similarly, it is also important to study the effects of climate change on ecosystem services, particularly because the poor are those most affected by climate change due to their dependence on natural resources and ecosystem services for basic needs and livelihoods, particularly from climate sensitive sectors such as agriculture.
To identify biological indicators of climate change, it is fundamental to consider the factors that make a species, habitat, or ecosystem particularly vulnerable to climate change, and therefore, makes possible to use this biological resource as a proxy for evaluating climate change.  For example, factors that make a species particularly vulnerable include comprise:  high-latitude species, restricted range species, poor dispersers, low-lying island species, mountain-top endemic species, and extreme niche specialists.  It is also helpful to monitor species with abundant data available or potentially available.  On the contrary, species that are widespread, habitat generalists, or have broad altitudinal tolerance (for example, tigers) are expected to be less affected by climate change, and are therefore, “bad” indicator species.  For habitats, factors which make a good climate change indicator comprise:  limited distribution, those with negligible anthropogenic alteration, and those that are of importance for species or communities.  (See Plenary 3 Transcript for further details)

While each of the priority areas took a slightly different approach to identifying biological indicators of climate change, all six groups identified a number of species, habitats, and ecosystem services likely to be highly effective in this role, and many of the results were “cross-cutting” with changes to habitats or species leading to impacts on reliant species or associated ecosystem services, for example.  For this reason, the biological indicators of climate change identified in this working group session often could be classified in multiple ways.  In some cases, the working groups reported outcomes specifically under the categories shown below; in other cases, the author of this report assigned classification based on the apparent primary impact (e.g. the effect on a habitat or species), rather than on the secondary impact (e.g. the loss of an associated ecosystem service).  The results of this working group session are summarized in Table 5 and Table 6.

Only the Siphandone group specifically outlined how expected climate changes would effect particular taxonomic groups and habitats (see Annex 2).  For the remaining five groups, the effects of climate change on biological values was implied through their categorization as a biological indicator of climate change.

Table 5. Biological Indicators of Climate Change:  Species, Habitats, and Ecosystem Services that are particularly “Climate Sensitive”, Terrestrial Priority Areas

	
	Species
	Habitats
	Ecosystem Services

	Central Annamites
	• Montane birds
• Turtle and terrapins
	• Summit conifer forest
• Steep slopes
• Coastal lagoons
• Wetlands
	• Hydropower potential
• Water supply (agriculture, urban)
• Wetland resources
• Forest (uncertain)
• Erosion control / Soil conservation

	Dry Forests
	• Gibbons [range] extent of evergreen forest
• Ibis and stork [presence/absence] 
• Carnivores, e.g. dhole/leopard [range] overall ecosystem stability and impacts on prey species
• Other, e.g. amphibians/invertebrates shorter-term fluctuations (population explosions)
	• Forests - Dry dipterocarp, semi-evergreen, evergreen
o Monitor extent and type through remote sensing
o Monitor tree mortality, recruitment, and growth through permanent plots on elevational transects
• Permanent waterholes
o Map location
o Monitor annual changes
• Fire monitoring
o Dry season duration
o Rainfall fluctuation
• Extent of seasonal wetlands
	• Human livelihoods for local communities
o Crop yields
o Planting times
o Location/extent of agricultural land in existing villages
o Changing importance/values of different NTFPs [e.g. fish/frogs/honey/resin/bamboo]
o Local market surveys at set times of year
• Watershed regulation
o Flow regimes for small rivers within watershed

	Western Forest Complex & Kaeng Krachan Complex
	•Fruit eating birds – change foraging sites
•Bees
o Changes in placements of the hives (in western Thailand, some trees host most of the hives) (2)
o As orchids and briophites (very sensitive to water) relocate, bees will too.
•Water limitation
o Large animals that require watering holes will follow water (3)
o Cicada presence or changes in location also dependent on water (changes could be due to other factors, however)
o Pandan distribution
•Elephants
•Other species that need water
Insects (Cicada) – careful as their presence may vary due to other factors
	•Forest complexity; Relative composition (due to changes in tree cycles)
•Timing of masting/seed of Dipterocarp/Teak
•Desertification
	•Farmers change practices and dates (1)
o Local people unable to synch their agricultural practices (i.e. field preparation), already observed in some Karen communities
•Human-wildlife conflict frequency
•Human migration patterns
•Increase in number of pest and disease outbreaks
•Extent of fire penetration and recurrence
•Water limitation

	NOTE:  The Central Annamites and Dry Forests groups did not prioritize the importance of indicators of climate.  The Western Forest Complex & Kaeng Krachan Complex group prioritized the three most important values relatively, with 1 denoting the most important.


Table 6. Biological Indicators of Climate Change:  Species, Habitats, and Ecosystem Services that are particularly “Climate Sensitive”, Aquatic Priority Areas

	
	
	Species
	Habitats
	Ecosystem Services

	Mekong Delta
	Upper (Freshwater)
	
	• Temperature: 
o Malaleuca will experience more fires
o Increased invasives
o Decresed food source for freshwater birds
o Increased insect pests that will affect agriculture 
o Impacts to reptiles/amphibians
o Reduced dissolved oxygen
• Precipitation:  
o Flooding changes (duration and frequency)
o Rainfall distribution patterns will change, and this is most serious in the start and end of the year.  
o Increased runoff leading to soil erosion and water quality degradation
• Sea level rise: 
o Increased salinity
o Prolonged inundation and Flooding (even during the dry season) 
• Glacial Melt:
Increased river flow and Flooding
	• Food production (rice) 
o Temperature changes and saline intrusion
• Water availability 
o Dry season rain water
o Saline intrusion (???)
• Carbon Storage
o Loss of mangroves
• Storm protection 
o Loss of mangroves
• Erosion prevention
o Melaleuca forests will be affected by more fire
• Aquifer storage
• Water purification
• Flood prevention
• Nutrient Cycles
sea level rise causing less nutrients for phytoplants 
• Fish/aquatic food
• Increase in soil acidity/drying
• Altered timing of life cycles for flowering/pollination

	
	Middle (Brackish)
	
	• Temperature: 
o Flowering triggers for pollination
o Increased invasive species displacing endemic species
o Increased incidence of fire
• Precipitation: 
o Fish migration cues
o Distribution and density of bird species
o Impact on fisheries?
o Protected areas e.g . bird sanctuaries as U Minh Thuong and U Minh Ha, . 
o Grasses Kim Giang, Ha Tien
• Sea level Rise: becomes more saline
o Disturbance of ecological relationships
o Impact on high biodiversity
	

	
	Coastal (Saline)
	
	• Temperature:  
o Impact on coral reefs, seagrasses
o Increased invasive species 
• Sea Level Rise: 
o Wetlands will be lost
o Increased inundation
o Increased salinity
o Seagrasses 
• Storms:
o Mangroves Rhizaphora species in particular– will be affected as the stems are susceptible to breakage.
o Severe erosion leading to loss of plants
	

	Siphandone
	• Water bird monitoring – mekong wagtail, giant ibis, white shouldered ibis, stork, adjutants, river lapwing
o Arrival and departure time of migratory species
o Population size for roosting species
• Fish and fish migration
o Timing of onset of major fish migrations – small cyprinid species in 2nd lunar month; Pangasids catfish migration in May-June; Mekong giant catfish in June-July-August; Siamese mudcarp
o Water temperature
o Hydrology (water level, flow volume)
o Community perception of livelihood impacts– change in cultural practice (eg timing fish catch; timing of catch methods / fishing gear).  Local monitoring.  NB integration of climate change and other impacts
o Is it possible to find rapid response species – eg invertebrates, diatoms.
o Changes in peak flow and extent of flooding – impacts on spawning
o Monitoring of undisturbed sites for significant habitats
	Forest and wildlife
• Phenology of selected species including
o Species sensitive to temperature and drying
o Species important for local communities – eg pak kum in laos (
• Use local knowledge to identify appropriate indicators
• Changes in overall species composition / assemblages
• Changes in recruitment
• Mushroom – changes in timing, types and production (export market to japan may mean that baseline data exists)

Wetlands
• Monitoring of extent, duration and connectivity of flooded areas 
o Remote sensing options – spatial vs temporal resolution
o Field / community monitoring of drying of smaller wetlands
• Water temperature in shallow wetlands
• Community perception of livelihood impacts– change in cultural practice (eg timing of rice planting; variety and yields).  Local monitoring.  Nb integration of climate change and other impacts
• Water temperature, oxygen, algal blooms
	

	Tonle Sap
	• Increased temperature – higher oxygen demand, possible spread of algal blooms, bacteria and parasites , and invasive species’ spread (e.g. water hyacinth)
• Increased flows may prevent spawning, migration, changes in spawning time and juvenile mortality

• Increased temperature may increase fish mortality
	• Dry season pools impacted by increased temperature and longer summer
• Flooded forests are resilient to some fluctuation in water levels but without flooding, surface area for flooded forests will change depending on the new flow regime, vulnerable to fires under increased temperature regimes and longer summers
• Flood-plains – rice productivity may be affected by increases or decreases in precipitation, increased temperature will reduce productivity. Pest vectors will change under the new temperature regimes.
	• Increased productivity if higher flow during the wet season is likely based on increased inundation of the flooded forest – more productive habitat for breeding and feeding
• Some evidence that increased precipitation does not create a significant change in sediment transport
• Decreased productivity if lower flow in wet season and high flow in dry
• If the flood comes early, it may be beneficial to fisheries productivity, but if it comes late it will reduce productivity – however, particular responses will be species-specific; depending on impacts to spawning and migration ‘cues’
• Higher precipitation intensities may lead to a longer high water season which will limit access to fish stocks


Working Group Session 3:  Identifying current trends (from Working Group Session 1b) most sensitive to climate change  

Similarly, keeping the aforementioned expected climate change impacts in mind, participants were then asked to identify how these changes might affect development and other trends in each priority area, that is, to determine which key development pressures and other trends (identified in Table 3. Current and Expected Development or other Non-Climatic Trends, Terrestrial Priority Areas
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 \* MERGEFORMAT Table 3 and Table 4) are “climate sensitive”.  This exercise identified how climate change magnifies or reduces the other drivers of change already occurring or expected to occur in each area.   

All five groups (the Siphandone group did not complete this exercise) identified agriculture and/or aquaculture as being particularly climate sensitive, highlighting the potential for severe food insecurity in the region.  The groups predicted that this food insecurity likely would lead to increased hunting and NTFP collection, land conversion, and changes in agricultural crops and techniques.  In addition, four of the five groups expected that migration would be highly affected by climate change, due to food insecurity, flooding, changes in land suitability, and changes in livelihoods and economic opportunity.  Increased tourism, infrastructure, and risk of fire also were commonly cited.  The results of this working group session underscored that climate change is expected to magnify, rather than reduce, the current and predicted stresses on GMR ecosystems.  The outcomes of this working group session are summarized in 
Table 7
.  

Table 7. Current and Expected Development or other Non-Climatic Trends that are particularly “Climate Sensitive”, Five Priority Areas

	  Priority Area
	Effects

	Central Annamites
	Prioritised
• Erosion / Landslides / Degradation of infrastructure
• Forest Fire
• Plantations expansion / shifts
• More water storage scheme
• Agriculture productivity changes


	Other relevant concerns
• Flood
• Pollutions
• Sedimentation
• Changes of National Strategies
• Increase of Protected Areas

	Dry Forests
	• Mining – increasing water use/need
• ELCs/Agriculture – changes in land availability, suitability for specific crops
o Changes in crop selection
o More demand for food/land as yields decline
• Migration – internal/cross border
• Hunting / NTFP collection – possible increase and geographic/crop shifts due to changes in ag and food availability (e.g. crop failures)
• Hydropower – increased demand for water storage/irrigation/regulation of flows – more/bigger dams?
• Tourism – more due to cooler temperature?
	

	Western Forest Complex & Kaeng Krachan Complex
	• Land conversion, from national and local influences (1)
o Temperature changes will result in crop variation (i.e. C4 plants, such as sugar cane produce more at higher temperatures, while crops such as rice produce less)
o Biofuel demand is likely to increase 
o Tourism increase due to heat in cities will also result in the development of recreational infrastructure
o Land conversion is likely to be uncontrolled; there is a mismatch between the planning stage and evaluating climate change effects. 
o Conflicting policies may increase and result in legal blurs.
• Climate change is likely to influence the amount of infrastructure built, both large scale (with many trans-boundary projects, dams) and local scale (irrigation related infrastructure) (2)
• Fires - if rain patterns change and the land becomes drier, it is expected that more frequent and intense fires will occur. (3)


	Other changes at the national/regional level:
• Increased plans for alternative energies (hydro, nuclear, biofuels, natural gas)
• Increase migration (from country to city, temporary workers in mega projects)
• Work done under the economic corridor umbrella and new data availability is likely to result in more opportunities for conservation
• As more effect of climate change are evident, an increased awareness at the policy level is expected

At the local level its also worth noticing
• More small-scale hydro projects will be developed
• There is likely to be an increased collection of NTFP
• Increased infrastructure as described above with the addition of extended university land
• Increased waste as a result of increased tourism
• Increased local awareness

	Mekong Delta
	• Development along the coastline more vulnerable
• Master plans need to be adjusted, taking into account climate change impacts
• Land us planning (up to 2030) need to prioritize wetland conservation, agricultural activities (look at these from perspective of climate change)
• Sea level rise and higher floods and storms and temperature changes – will affect housing, dikes, road systems, infrastructure, food
• More investment is needed (e.g., if 3.9 million hectares of rice is to be maintained and infrastructure kept investment in protecting these from climate change impacts will need to be done)
• “Soft” infrastructure – will require changes in relationship between people and nature
• Affects on different sectors  – rice production, aquaculture, healthcare (human well-being), migration for changes in livelihoods strategies, feasibility and costs of maintaining the status quo are questionable
	

	Tonle Sap
	Flooded Forest/Dry Season Ponds
• Loss of habitat due to variability of water levels and extent of flooding (seasonality)
• Possible migration from upland to the floodplain thus adding pressure to fisheries and increased threats to flooded forests
• Threats of fires in forest during extended dry season

Fish Sanctuary/Deep Pools
• More pressure as fish stocks decline, which may encourage illegal fishing
• Increased temperature may impact fish in physiological and behavioral ways
• Birds – loss of forests/habitat and prey (fish) will reduce bird populations + possible changes to migratory patterns as a direct response to changing climate and indirectly in response to lack of habitat and food.
• Reptiles/Mammals – loss of habitat, changing temperatures may impact on reptiles, more hunting from additional migration to the area, fish/animal raising – using other animals for food.

Fisheries Productivity
• Balancing flow regulation from dams with increased variability from climate change may be possible
• Varied physiological and behavioral responses of key economically important fish species to changes in water chemistry (eg. temperature relative to the lower Mekong) ), and in response to changes in prey base or invasive species, etc.(i.e. commercially important species are also tied to the health of the whole ecosystem
	Agricultural Productivity
• Existing crops and cropping practices may be less suitable under new flow regimes eg. second rice season may be under threat
• There will be a need to accommodate increasing variability and intensity of  floods and drought within agricultural systems
• Loss of existing land from inundation will create pressure for additional clearing 


Tourism
• Vulnerable to changes in waterbird migration
• Cultural tourism may be affected by problems with dry season navigation
• During the wet season/peak water level the lake can become very rough, and it is necessary to get back to land by lunchtime hence possibility of tourist season being negatively impacted by increased instances of storm events, etc.
• There is some evidence that propellers are affecting aquatic flora

	NOTE:  The Siphandone group did not complete this exercise.  Only the  Western Forest Complex & Kaeng Krachan Complex group prioritized values.  They used a relative ranking scheme, with 1 denoting the most important.


Expected Combined Impacts of Climate Change, Development, and other Trends in Priority Areas 

Working Group Session 4a:  Identifying impacts of combined climate and non-climate pressures on priority areas 

After identifying climate change impacts and other trends, and how the two interact, participants identified how these factors jointly will affect the key values of each priority area.  This exercise provided a holistic assessment of trends in each region, including all identified drivers of change.  For each of the six working groups, the combined impacts of climate change and other trends on the region are inferred in the outcomes of previous working group sessions; however, two groups – the Central Annamites and Dry forests – explicitly outlined some of these impacts, as follows:  

Central Annamites

The Central Annamites group expected that climate change impacts would lead to drought and increased fire as well as storm events and increased floods.  Each of these would lead to habitat loss, biodiversity reduction, and changes in aquatic ecology.  Developments and other trends, on the other hand, would lead to water storage, logging, farming, and road construction, which would lead to soil erosion, slope instability, and sedimentation.  Furthermore, each of these final outcomes – habitat loss, etc. and soil erosion, etc. – would exacerbate the effects of the other (see Figure from working group presentation on WWF-Thailand web site).

Dry Forests

The Dry Forests group expected the effects from the combination of climate change and other trends to be:

· Pressure on existing protected areas (degazettement for uses like agriculture)

· Pressure on waterholes and seasonal wetlands 

· Increased water demand especially in areas close to settlements and roads – disturbance of wildlife especially water birds, crocodiles, turtles, etc.

· Overall reduction of habitat for some species combined with hunting pressure – primates?

· Suppression of prey base (large herbivores) – affects possibility of restoring carnivore populations

· Changes to some services 

· Ecotourism increase?

· Livelihoods negatively changed

· Changes to forest composition (fire, etc.) and potential carbon stocks

Working Group Session 4b:  Identifying knowledge gaps, approaches and mechanisms for filling identified gaps, and existing work
As part of Working Group Session 4, participants were asked to identify any knowledge gaps that prevented them from outlining a holistic assessment of climate change and other impacts on key values in each priority area.  Furthermore, they were tasked with identifying potential approaches or mechanisms for filling these gaps as well as any existing work related to these gaps.  

Identifying Knowledge Gaps

The results of this exercise underscored the need particularly for a better understanding of climate change effects on ecosystems, with all 5 groups identifying a number of related knowledge gaps in this category (the Western Forest Complex & Kaeng Krachan Complex group did not complete this exercise).  Additional gaps were identified broadly under:  gaps in understanding of economy and costs, gaps in the development of methodology and tools, gaps in systems, gaps in cooperation, and gaps in cooperation and partnerships.  The results of this exercise are summarized in Table 8. 

Table 8. Gaps that Prevent the Full Understanding of Climate Change Effects and the Development of Appropriate Adaptation Strategies, Five Priority Areas 

	
	Gaps in Knowledge - Ecology and Ecosystems
	Gaps in Understanding - Economy/Costs
	Gaps in Development of Methodology and Tools
	Gaps in Systems
	Gaps in Cooperation and Partnerships

	Central Annamites
	• The Annamites’ ecology
• Inherent species plasticity
• Species migration as temperature and rainfall changes
• Seasonal changes of temperature and rainfall
• Seasonal humidity changes
• If less wet months, everwet forest being vulnerable
	
	
	
	

	Dry Forests
	• Invasive species effects
• Waterholes 
o Prioritization of key sites to monitor
o Characteristics of permanent waterholes
• Baseline monitoring of key species
• Assess current protected area system for climate resilience
	
	
	
	• Community awareness/knowledge of impacts of climate change and our awareness of community adaptation measures

	Mekong Delta
	• Understanding of resilience of natural systems to climate change (Mangroves resilience)
• Lack of synthesis practical study on ecosystem functions/services/values
• How sea level rise will impact on seagrass
• Interaction between sea level rise and increases of runoff (from upstream to downstream)
• Understanding of increase of flood frequency and flood arrival (earlier arrival)
• What is the ecosystem resilience? Need to do further modeling to assess the ability for species to adapt, for example what are the possible species shifts into different ecological niches?
• How will climate change impact on coral reefs
• Impact of climate change on mudflats. The extent of mudflat retreat depends upon what development occurs to restrict mudflat shifting in response to climate change. Communities living on mudflats are well-adapted to living in coast, and will be able to adapt quite easily to sea level rise. 
• How temperature/rainfall patterns change will impact on species (Predator – prey relationships/food chain/food sources)
	• Understanding of costs of socio-economic to climate change
• What are economic costs to maintain the status quo in infrastructure systems
• Pilot projects to test and evaluate adaptation and mitigation measures
• Full understanding of costs and benefits of adaptations
	• Lack of practical methodology informing public on climate change impacts, which currently focuses on academy
• Realistic scenarios on global/regional/national scales
• Details of topographic maps and DTM
• Applicable management practices of wetland conservation areas
	• Monitoring systems (regional extreme climate events, etc.)
• Monitoring of land habitats, land cover change
• Monitoring climate change impacts on vulnerable communities
• Natural disaster warning systems
	• Develop legal framework for inter-stakeholder and cross sectoral governance of climate change
• Promote dialogues between policy-makers and researchers/academic scholars
• Promote partnerships between different stakeholders and society bodies at different levels
• (Mekong) Regional cooperation to share data/information on climate change
• Dialogue between scientists and policy-makers: What will the policy on dike construction around HCMC be? There are currently plans to construct dikes to protect the city, but there is also a growing awareness of the importance of preserving mangroves for natural storm protection.  
• Training and educating for capacity improvement for managers and local people on climate change

	Siphandone
	• Sensitivity of different fish species to changes in water temperature, flow change, etc.
• Temperature changes of water and effects on fish breeding
• Better identification of spawning areas to monitor spawning timing and effectiveness (MRC program)
	
	
	
	• MRC environment program monitoring diatoms

	Tonle Sap
	• Assessment of status quo of endangered and economically important species (esp, fish migratory, feeding and spawning patterns); as well as gain a better understanding of species’ traits that might render certain species more resilient to change vs others.
• Better understanding of the function of the flooded forest
• Identify drivers of deforestation, with specific focus on household role of wood in water boiling (for drinking), rice cooking and fish smoking – explore appropriate technological alternatives such as high efficiency stoves, water filters and solar cookers
• Identify rice varieties and cropping practices which may be more suitable for the Tonle Sap communities based on future scenarios for climate change and changes in flood regime
	• Assess the feasibility of alternative income generation/livelihood opportunities that better maintain the flooded forest
• Explore the revision of the zoning on and around the Tonle Sap
	• Improved modeling of combined (and each individual impact of) development and climate change on Tonle Sap
	• Expanding the weather station network to improve future projections and monitor productivity, biodiversity, and socio-economic benefits (and other parameters) against rain and temperature levels
	

	NOTE:  The Western Forest Complex & Kaeng Krachan Complex group did not complete this exercise.


Mechanisms to Fill Knowledge Gaps

For each of the five working groups, potential approaches or mechanisms for filling these gaps and some discussion of existing work are inferred in the outcomes of Working Group Session 5 – identifying adaptation measures and strategies to increase ecosystem resilience to climate (see tables 9 and 10); however, two groups – the Dry Forests and Mekong Delta – explicitly outlined some potential actions to fill these gaps, as follows: 

Dry Forests

· Focus on gaps that are also important for overall conservation objectives when possible.

· Some ongoing protected area (PA) assessment work in other points of Cambodia.

Mekong Delta

· Set up a network of climate change experts to share knowledge and information

· Maintain the working groups from this workshop for sharing information and maintaining a network for collaboration

· Take time to digest, modify and prioritize the adaptation options identified in the workshop

· Identify a niche of each institution to implement the adaptation strategies

· Establish an IPCC of the Mekong Delta

· The Mekong Delta Forum can be considered the platform for this discussion

· The last forum was on 5th June, 2009

· The next forum is planned on the 5th of June 2010, this forum will be focused on climate change

· Two upcoming sub-forums are already planned, one will focus on climate change in costal areas (to be organized in Tra Vinh at the end of November), and one will focus on climate change in the inland areas (date for this sub-forum is not yet fixed)

· Note on the Mekong Delta Forum

· Involve many stakeholders:  research institutes, universities and government agencies

· Issues addressed in the last Forum:  biosphere reserve, biodiversity, and climate change in the coastal zone. Biosphere reserve is not only PAs; PAs are used as the core

· Issues that need to be addressed:  how to get more stakeholders involved; invite the private sector to the forum; raise funds; identify critical issues for discussion; identify champions; and keep the forum alive and running

Note:  Do not discount the existing organizations that are already working on climate change and taking  a coordination role (such as Can Tho University, the Dragon Institute, the Mekong Forum, etc).

Existing Work Related to Knowledge Gaps

Only one group – the Mekong Delta – specifically outlined existing work related to these gaps, as follows:

Mr. Nguyen Hoang Tri – Hanoi University: Recommendations for future studies 

· Research on ecosystem and social resilience to climate change mitigation and adaptation

· Set up the biosphere reserve: Vietnam National Committee for Man and Biosphere Programme 

Mr. Pham Trong Thinh - SIFIP

· Application of REDD and PES in the coastal mangrove and conservation areas in the Mekong Delta 

· Research on the appropriate mechanism of forest buffer zone in the coastal areas 

Mr. Do Duc Dung – SIWRP

· Water resource planning and water resource development strategy in relation to climate change

· Watershed management 

· Flow monitoring and water quality monitoring 

Mr. Van Ngoc Thang – FPD

· Social factors that influence environmental behaviours of economic players 

· Policy framework and climate change adaptation 

· Social impact assessment of the Southern coastal corridor express way 

Dr. Le Anh Tuan – Can Tho University

· Database on climate change 

· Modeling of climate change impacts on agricultural and aquaculture, production and infrastructure based on the above database

Mr. Klaus Schmitt – GTZ 

· Two projects to protect and sustainably manage coastal wetlands and protected areas of Kien Giang and Soc Trang Province 

· “Management of Natural Resources in the Coastal Zone of Soc Trang Province” 

· “Conservation and Development for Key Sites of the Man and Biosphere Reserve of Kien Giang Province” have a joint objective: the 

· One project to restore ecological functionality and resilience of the coastal protection forests

· “Sustainable Development of Coastal Forests in Bac Lieu Province” has the objective: 

· One project to improve market participation of the rural poor (This project is implementing a pilot on integrating climate change risk assessment into local development planning as part of a broader poverty reduction project.)

·  “Poverty Alleviation in Rural Areas” 

· One project to provide pilot solutions to solve the conflict between economic development and sustainable management of natural resources (This includes climate change adaptation activities focussing on livelihood diversification and mangrove management.)

·  “Management of Natural Resources in the Coastal Zone of Soc Trang Province” 

Addressing Key Issues in Six Priority Areas:  Adaptation Strategies

Potential solutions in the Greater Mekong Region

Working Group Session 5:  Developing adaptation options and strategies based on existing knowledge, and creating a roadmap for future work

For the final working group, participants were tasked with identifying the kinds of management, policy, or other interventions that could be implemented to conserve biodiversity and maintain ecosystem services of the priority areas, keeping in mind the combination of pressures these areas will face in the coming years and also the knowledge gaps identified in “Working Group Session 4b:  Identifying knowledge gaps, approaches and mechanisms for filling identified gaps, and existing work” (see Table 8).  To demonstrate the potential for comprehensive biological adaptation strategies, participants were introduced to Reducing Emissions from Deforestation and Degradation (REDD) as one possible strategy (See Example 1 below).

Example 1:  REDD

Forests store (reservoir) an estimated 1,650 Giga-tonnes of carbon (GtC) in biomass (which is greater than stored carbon in oil reserves); they reduce carbon in the atmosphere (sink) by up to 2.6 GtC per year; and, they are a net source of about 1.6 GtC of GHG emissions per year, mainly through deforestation.  By utilizing this relationship between forests and carbon, there are a number of forest mitigation and adaptation strategies possible.  Potential mitigation strategies, include:  1) maintaining or increasing forest land area by reducing deforestation, or by increasing afforestation and reforestation (CDM), 2) maintaining or increasing forest carbon density through forest restoration, forest conservation, wild fire management, and reducing degradation, and 3) increasing the use of wood products for carbon stocks and fossil fuel substitution.  Forests also can contribute to climate change adaptation through two routes.  First is the adaptation of forests and forestry, that is, increasing the adaptability of forests to climate change.  This can be accomplished through forest management changes in relation to drought, fire, pest and diseases, and by implementing sustainable forest management.  Second is using forests and forestry to increase human adaptation to climate change.  This can be accomplished through, for example, coastal and watershed protection (coastal erosion, landslides on sloping land, etc.).  

In practice, the two adaptation routes are related and easily linked, as are forest mitigation and adaptation measures – that is, it will be necessary to increase the resilience of forests and trees to climate change in order to keep the ecosystems functioning in their mitigation role.  Some specific adaptation-mitigation links include:  Sustainable Forest Management (maintenance of forest health and diverse/resilient ecosystems; effective monitoring; flexible and responsive management; etc.); reducing stresses from logging, pollutants, and fragmentation; restoring ecosystem functions after disturbance; increasing locations where particular habitats are managed; and connecting habitats and landscapes.  However, there also could be conflicts between forest adaptation and mitigation strategies.  For example, REDD mitigation objectives will differ with adaptation objectives if adaptation does not reduce deforestation and degradation (e.g., if forest thinning is needed, adaptation concerns low carbon forest and is inefficient in reducing carbon emissions, or if afforestation or reforestation is needed).  (See Plenary 4 Transcript for further details)
A REDD pilot program, the Tenasserim Biodiversity Conservation Corridor Initiative (BCI), already exists in the Tenasserim range in western Thailand between the Western Forest Complex and Kaeng Krachan Complex.  This 70 kilometer landscape is particularly important to conserve because it is arguably the most important forest complex in Thailand, and, including the area in Myanmar, it is also the largest.  The area is home to 11 national parks and 6 wildlife sanctuaries over 2 million hectares and is the crossroads of 4 eco-geographic zones.  Furthermore, it hosts three WWF “ecoregions”, three major habitat types, and high biological distinctiveness, including a large population of tigers.  In fact, because it is home to so many tigers, the BCI area is considered a Class I and Global Priority tiger conservation landscape.  However, the greatest opportunity for utilizing a REDD strategy in this landscape is its high percentage of existing forest cover – over 86% of the landscape is either currently undisturbed or degraded forest.  This REDD program is expected to have the following outcomes:  1) pro-poor participatory benefit sharing and benefit streams through Village Revolving Funds, 2) zoning of Corridor Areas in the categories of agroforestry (sustainable use zone), livelihood plantation (buffer zone), carbon sequestration (human-induced /natural forest restoration, afforestation, and deforestation avoidance zones, 3) capacity building for climate change awareness and disaster preparedness, and 4) project employment and economic development opportunities.  (See Plenary 5 Transcript for further details)
Independently, the strategies developed by each of the six priority areas could be classified broadly under the categories of:  ecosystem-based approaches, infrastructure, research, institutional and planning, livelihoods and community, and information sharing and capacity.  These outcomes underscored the need for a holistic approach to climate change adaptation, with various actions necessary by and with a variety of stakeholders.  Particularly, among all priority areas, five of the six groups identified a need to increase awareness and knowledge of climate change impacts, and to review agricultural practices and develop climate resilient crops. For the terrestrial priority areas, two of the three groups identified an additional need to review and enhance protected areas, and to improve forest fire management; for the aquatic priority areas, two of the three groups identified an additional need to identify and implement “win-win” or “no regrets” adaptation options (those that increase capacity or improve development, all while increasing resilience to climate change), and to explore Integrated Water Resources Management (IWRM).  The outcomes of this working group session are summarized in Table 9 and Table 10.
After presenting adaptation strategies in plenary, workshop participants posed a number of questions to the priority area groups, as follows:

Addressed to Central Annamites:  

1. A participant commented that she likes the idea of joint monitoring of REDD, etc., but who would be responsible for it?

One possibility is that we need a mechanism between countries and ministries, perhaps through steering committees or a management board.  Another possibility is that joint monitoring could be considered cross project, rather than trans-boundary.  Another participant noted that there is a new department in Lao PDR with a similar function, which monitors logging, wildlife trade, and fire management.

2. A participant commented that there was no mention of the interdependence between ecology and economy, and no proposal to connect the two.  He suggested that this should be done in the future.

The presenter acknowledged the importance of this point, but suggested that this workshop was meant to be more general, and economists can be included in future work.

Addressed to Western Forest Complex & Kaeng Krachan Complex:

1. (Regarding the suggestion to build on current models of climate change) – How feasible is it to do this for such a small area?

A local and large-scale vulnerability assessment of landscapes should be done, and we need links between Myanmar and this priority area.  A participant commented that the Myanmar government already has a climate change body, and they and the media should be brought on board.  A participant commented that it is possible to do climate change statistical downscaling on a local level or to do dynamic downscaling to five kilometers or less.  A participant commented that we should not disregard the power of an image.  All of these downscaling maps are available – somewhere – but the media needs one powerful and accessible image.

Addressed to Siphandone:

1. (Regarding the suggestion that “win-win” strategies are ideal) – Is the group suggesting that we only need to address development and capacity issues, and that will be sufficient to handle climate change, just for clarification?

Yes, that is what the group is suggesting.  A participant commented that the gap is that policy responses to climate change might put pressure on biodiversity (e.g. dams), so there is a need to ensure environmental considerations in policy.

Addressed to Tonle Sap:

1. One in five children die of disease in the floating villages.  It is expected that climate change will worsen this problem.  How can we deal with this?

Water filters are probably the most effective solution, both now and after climate change takes hold.

Table 9. Adaptation Options and Strategies to Reduce the Impacts of Climate Change, Terrestrial Priority Areas

	
	Central Annamites
	Dry Forests
	Western Forest Complex & Kaeng Krachan Complex

	Ecosystem-Based Approaches
	• Protected areas enhancement for:  (i) Terrestrial, (ii) Wetlands, and (iii) Lagoons (*)
• Landscape restoration and reforestation (*)
• REDD and REDD+
• Biodiversity planning
• Invasive species control
	• Review of national protected areas to assess viability and coverage of conservation values when taking climate change into account
o CI document for Cardamoms – can be replicated and expanded – partners include REDD team in FA, government adaptation team in MoE, WWF, WCS, development NGOs, 
• Ensure the permanence of wetlands across the landscape – review locations and permanence of wetlands, expand wetlands if necessary to ensure they remain permanent even in times of reduced rainfall and longer dry season
o WWF, WCS, Birdlife, FA, MoE
• Ensure dry season refugia for wildlife (evergreen forests) are protected and accessible to wildlife – increased protection, reduced logging, maintain/develop corridors
o FA, MoE, WWF, WCS, Birdlife
	

	Infrastructure
	• Smart Infrastructure Planning (*)
	
	

	Research
	• Address uncertainties 

	
	• There is a need for a more systematic data collection and management. 
o The best way to collect local information would be for local communities to do it. As such, the data needs must be simple, and the methodology integrated with these communities’ routine practices. 
o Identify best practices
o Feed this information into a nation-wide database for detailed analysis
o Return analysis and conclusions to the local people for them to take well informed adaptation decisions
• Build on existing models of climate change
o Identify communities and areas most likely to be affected
o Identify key animal and plant species for climate change monitoring (see results from Working Group Session 2)

	Institutional

/Planning
	• Integrated Water Resources Management (*)
• Protected Areas (PA) Management 
o PA Unit in the Division of Forestry and Resource Conservation (DFRC) [in Laos] to be upgraded to Department level
o Funding to be diversified (Gov. NGOs, Private sectors) to setup new Pas and meet the need of current Pas
o Improvement of Law Enforcement
• Landscape restoration 
o Infrastructure Planners consider restoration
• Joint monitoring for REDD, Invasive species, Forest Fire, Transboundary Trade, and Climate Change indicator species
	
	• Identify existing development plans and link all this data into national planning
• Assemble a strong national committee 
o Identify champions
o Need to link this committee to the ground. The current committee meets quarterly and this is not enough. A suggestion is the development of subcommittees and working groups that would work in between national meetings. 
• Planning needs to link regional, national and local dimensions. At all levels planning needs to be multidisciplinary and include multiple stakeholders, including:  local people, ethnic minorities, local administration, conservation authorities, military

	Livelihoods

/Community
	• Climate-tolerant agriculture (community-based) (*)
• Effective use of local knowledge (*)
• Improvement of Forest Fire Control System (community-based)
• NTFP-based livelihoods development
	• Review suitability of land, taking climate change into account – develop a diverse climate resilient landscape, e.g., for agriculture, including new crops.
o Potential for WWF to expand existing work
• Assess potential for adaptation by local communities – conduct studies to assess existing adaptation strategies used by local communities.
o WWF, WCS, FA, other
• Fire management in an effort to reduce forest loss – pilot study, assessment of positive and negative effects, expand to protected areas as appropriate
• Ensure effective management of freshwater for livelihood needs throughout the year – ensure water access during dry season by expanding existing small reservoirs, improving irrigation, water containers, diverse and intensified crops and livelihoods – integrate into existing commune-level planning processes
o Development NGO, other
	

	Information Sharing

/Capacity
	• Protected Areas (PA) Management 
o Building capacity and strengthen human resources
• Awareness raising 
o Community and authority at district and community level, 
o Participatory planning
o Facilitate adaptive planning
• IWRM – Capacity, concepts, institutional cooperation
• Transboundary collaboration and cooperation
• Landscape restoration - Awareness raising for planners

• Improve understanding and interpretation between Scientists and Policy Makers
	
	• Develop an effective mechanism for information exchange in the form of a forum or similar. This mechanism should go further than just talk, ideally integrating some sort of practical and demonstration activities
• Involving additional stakeholders – Some important stakeholders not present in the workshop are:
o CSTAR
o BRT (Biodiversity Reaearch Training)
o IKAP (Indigenous Knowledge…)
o IMPECT (Intermountain people education culture Thai)
o ONEP (Office of Natural resources and environmental planning)
o CJF (Climate justice forum, Thailand)
o Sueb Foudnation
o Terra
o Community Forest Assembly
o KMUTT
o OXFAM
o CODI (Community organization development institute)
o TEI (Thailand environment institute)
o Western Forest conservation group
o Mahidol Univ – Kanchanaburi campus
o Local Schools
o Kanchanaburi conservation group

	NOTE:  The Central Annamites group identified some adaptation options as being a priority, denoted by (*).  The Dry Forests group identified potential actors for each adaptation strategy, which are included as a sub-bullet after each corresponding point.


Table 10. Adaptation Options and Strategies to Reduce the Impacts of Climate Change, Aquatic Priority Areas

	
	Mekong Delta
	Siphandone
	Tonle Sap

	Ecosystem-Based Approaches
	• Reforestation and plantation schemes
• Land-use planning
o Wetland restoration
o Mangrove conservation
o Swamp, marsh, melaleuca, lake
• Reforestation
• Leave the species space to migrate, adapt, and retreat (no dikes or low and regulated dikes)
• Options through co-management of coastal wetlands
• Test new approaches to climate change resilience (mangrove rehabilitation)
	• Ecosystem based approach – integrated planning; Mechanisms: 
o E.g. in Vietnam moving to provincial climate change adaptation program
o National disaster management committee? – one group to involve, but not all climate change is about disaster management
o Provincial government planning processes – often integration is easier at this level
o BUT budget from national level – so has to be in line with national directions; role of decentralization?
o Need to include non-government actors
o River Basin committees 
o Role of MRC – already an identified biodiversity hot spot for MRC – transboundary issues
o MOU between Champasack and Stung Treng on biodiversity management
o EIA / SEA for major developments
	• Maintaining Current Habitats – requires a combination of:
o Establishing protected areas based on likely changes to hydrological regime
o Conducting education on value of flooded forest to fisheries, livelihoods
o Enforcement
o Alternative livelihoods

	Infrastructure
	• Dikes construction (coastal areas)
• Infrastructure upgrading and climate proofing
o Transportation system
o Housing design system
o Urban infrastructure systems (water, wastewater, and solid waste facilities)
• Upgrade infrastructure
• Build warning settlement for natural disasters
• Housing design which can cope with climate change, communities need storm resistant housing, location, and technology
	• Maximising environmental services of wetlands – use of appropriate technologies
	

	Research
	• Researches on coping strategies (fish conservation zones, freshwater protected areas, community based management of natural resources, protected areas of important spawning and breeding grounds for fish, sustainable fishing gears, regulated fishing seasons, structure of mangroves for coastal protection, etc.)
• Research for coping strategies, invest in studies and research to find out other options, research to find adequate structure of mangroves for coastal protection, and improve management
	
	• There was an identified need to complement ‘no regrets’ actions with additional vulnerability assessment (to improve knowledge of specific impacts) as parallel exercises.

	Institutional

/Planning
	• Integrated Water Resources Management (IWRM)
• IZCM/ICAM (Integrated Coastal Area Management)
• Take into account climate change impact in land use planning; change land use plans
• Migration plan – resettlement areas of uplands, discuss with Cambodia and Laos about migration issues, upgrade urban infrastructure to accommodate migrants
	• Climate change acts to increase impacts due to other pressures; best way to build resilience to climate change is to reduce current (non-climate change) pressures; e.g. through:
o integrated land use planning
o sustainable development
• Win-win solutions – reducing current problems increases ability to handle climate change; and building capacity to deal with current problems builds capacity for climate change
• Potential for policy options for dealing with climate change may be counterproductive – put pressure on natural systems; need to feed into policy process to ensure sustainability, etc.
• Fisheries law
• Protected areas
• Joint regulation for transboundary area
• Designate for World Heritage or Ramsar site
• Use existing legal system better for managing Siphandone area
• EIA / SEA
• Payment for environmental services
• Infrastructure and development projects need to pay for loss of food and biodiversity (appropriate substitution)
• Fisheries co-management – local rules on fishing gear, fish conservation zones, etc.
• Short term action:  Integrated planning group
o Should be led by provincial government
o Work through existing national climate change office – link to provincial level is through provincial environment office – encourage use of Siphandone as pilot area
o MRC Climate Change initiative and BDP sub-area studies
o Direct engagement with provincial  / district governments
o Existing programs – ADB NRM PE (land suitability program); agrobiodiversity initiatives (TABI, UNDP/FAO)
	• An approach to planning that includes integrated water resource management (IWRM) across the Tonle Sap would likely build resilience to the combined impacts of development and climate change
• The need to consider ‘No regrets’ options for adaptation in the Tonle Sap was discussed. Such actions involve climate-related decisions or actions that make sense in development terms, whether or not a specific future climate change threat actually materializes. This is based upon the principle that while operating under conditions of uncertainty regarding future climate impacts and trends, near-term development outcomes can be maxmised. Thus, some current and future vulnerability to climate risks can be tackled through no regret adaptation approaches. 

	Livelihoods

/Community
	• Crop adjustment and re-arrangements
• New aquacultural technologies application (species with more resilience or salinity tolerance, adapting freshwater fish to farm in low-salinity water)
• Develop new crops that are resilient to climate change
• Livelihood agriculture and aquaculture changes required – technical support in response to reduced natural species diversity; create alternative livelihood
	• Tourism strategy
• Agricultural development - Agricultural production central to adaptation 
• Promote and strengthen traditional spiritual and cultural values
	• Upland Communities – identify alternative livelihoods to mitigate the impact of the seasonal (February-April) migration on the flooded forest and fish-stocks
• Floating Villages – seek livelihoods through links with ecotourism, handicraft and fishing, explore impact of lack of access to reasonable microcredit 
• Build a better understanding of livelihood approaches that have been successful elsewhere that may be relevant to the Tonle Sap
• Any livelihoods work needs to include a knowledge-building component as additional incomes could be used on more effective fishing or deforestation equipment
• Between agricultural land and flooded forests (under new flow and water level regimes) suitability of land for agriculture and flooded forest may change – could be a trade off between the categories
• Reallocation of land may be needed (e.g. between forest sanctuaries and agricultural lands)
• Tourism levies directed to affected communities

	Information Sharing

/Capacity
	• Forecast system capacity
• Public education (awareness raising) - Raising public awareness through popular media, information channel such as cartoon, popular newspaper, internet; awareness improvement
	• Knowledge networks that link local and scientific knowledge
• Build awareness and local capacity
• Review of best practice from other areas – lessons learnt
• Comprehensive monitoring network / M&E program – including local communities
• Increase knowledge on fish migration / fisheries co-management
• Increase knowledge of interaction between values and climate change
• Data / information centre on island – knowledge management for Siphandone
• Establishing of data / information centre in the islands
• Capacity building
• Establish project in main island
• Opportunities for capabilities, not just problem solving
• Support communication of policy impact towards development of more appropriate policies
• Bring climate change and biodiversity impacts into the sustainable development agenda
Bring together state, civil society and local communities to address the issue
	• Build and disseminate knowledge on possible climate impacts, and existing and new initiatives across central to local agencies and knowledge products for local communities 


Implications & Closing Remarks
The outcomes of these working group sessions emphasize the vast importance of the GMR both in terms of ecology, with its many endangered and endemic species and unique habitats, and in terms of these ecosystems’ importance to human livelihoods.  Furthermore, a number of development and other changes are putting great pressure on the integrity of GMR ecosystems, and climate change is expected to magnify, rather than reduce, these pressures.  In order to increase the resilience of these ecosystems to climate and other changes, this workshop underscored the need for a holistic approach to adaptation strategies, with various actions necessary by and with a variety of stakeholders.  Particularly, there is a need to increase awareness and knowledge of climate change impacts on ecosystems, and to review agricultural practices and develop climate resilient crops in order to promote food security. 
In closing the workshop, WWF reiterated the point made at the outset that the discussions held over the 2 days marked just one step in a longer-term process of building a more comprehensive understanding of the region’s vulnerabilities to climate change.  WWF also emphasized that together with the workshop co-conveners it is committed to supporting national efforts to develop integrated adaptation strategies based on bottom-up, context-specific assessments.  The approach used in the workshop seemed to be successful and appropriate, and WWF plans to build on it in the future.  

Although there was not adequate time to explore regional implications of the area based assessments undertaken by the working groups, WWF believes it is critical to have such a dialog.  It is clear that to be sustainable and effective, adaptation strategies must take account of local conditions and be implemented by local institutions committed to carrying out the strategies over the long-term.  However, it also seems reasonable to conclude that coordination at greater geographic scales, including the regional scale, will be important to avoid negative unintended consequences of adaptation measures implemented at the local level.  In the next workshop, WWF will be sure to allocate sufficient time for discussion of this issue.
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Map of Lower Mekong countries showing the six priority biodiversity areas of focus for the workshop.  


1 = Western Forest Complex & Kaeng Krachan Complex 


2 = Tonle Sap


3 = Mekong Delta


4 = Dry forests of eastern Cambodia


5 = Siphandone stretch of the Mekong River


6 = Moist forests of the Central Annamites
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