Mekong EbA South: Enhancing Climate Resilience in the Greater Mekong Sub-region through Ecosystem-based Adaptation 
in the Context of South-South Cooperation




A STUTY OF CLIMATE VULNERABILITY AND ADAPTING OPTIONS FOR TRAM CHIM SITE, MEKONG DELTA REGION, VIETNAM 



Submitted to 
UN ENVIRONMENT (UNEP) AND MINISTRY OF VIETNAM’S MINISTRY OF NATURAL RESOURCES AND ENVIRONMENT (MONRE)




Prepared by: Nguyen Sy Linh, PhD











Ha Noi, July 2018
		[image: ]
	[image: logo_bottom]




TABLE OF CONTENT
List of Acronyms	iii
List of Figures	iv
List of Tables	v
1. Introduction	1
2. Approach and methodology	2
2.1 Approach	2
2.1.1 Planning and inception	2
2.1.2 Field visit	3
2.1.3 Stakeholder consultations and community engagements	3
2.2 Research methods	3
2.3 Data collection tools and data collected	5
3. Background of the site	5
3.1 Location and size	5
3.2 Biophysical characteristics	7
3.3 Ecosystems profile	8
3.3.1	Wetlands (national park)	9
3.3.2	Biodiversity	10
3.3.3	Ecosystem services	10
3.4	Community Profile	10
3.4.1	Population	11
3.4.2	Livelihoods	11
3. Climate change threats/risks to the site	12
4.1 Existing threats	13
4.1.1 Threats by higher temperature and drought	13
4.1.2 Threats by offseason rain	15
4.1.3 Other threats and challengs	15
4.2 Predicted future threats	16
4.2.1. Temperature change projection	16
4.2.2 Rainfall change projection	17
4.2.3 	Upstream flood change projection	18
4.2.4 Sea level rise impact projection	20
5. Coping strategies	21
5.1. Coping strategies for ecosystem	21
5.2 Coping strategies for communities	22
6. Interventions	24
6.1 Tram Chim National Park	24
6.2 Community or buffer zones (6 villages/communes)	26


v

[bookmark: _Toc519181379]List of Acronyms
	AF
	Adaptation Fund

	DONRE
	Department of of Natural Resources and Environment

	EbA
	Ecosystem-based Adaptation 

	GMS
	the Greater Mekong Sub-region

	MONRE
	Ministry of Natural Resources and Environment 

	NTFPs
	Non-Timber Forest Products

	RUGs
	Resource Users Groups 

	TCNP
	Tram Chim National Park 

	UN
	United Nations 

	UNEP
	United Nations Environment Program (UN Environment) 

	USD
	United States Dollar 

	WWF
	World Wild Fund 



[bookmark: _Toc519181380]List of Figures
Figure 1. The approach in linking climate threats and its impacts to nature socio-economic system	2
Figure 2. Location of the project in Vietnam’s Mekong Delta	6
Figure 3. Project area includes Tram Chim National Park	7
Figure 4. Schematic presentation of Tram Chim national park and surrounding communes	8
Figure 5. Key wetland flora communities in Tram Chim National Park	10
Figure 6. Climate change pathway and adaptation in Tram Chim	13
Figure 7. Fires in the national park (grass field) in 2010	15
Figure 8. Projecting the maximum temperature (left) and minium temperature (right) in Dong Thap through scenarios	17
Figure 9: Flooding peaks recorded in Tan Chau and Chau Doc in 2000 - 2011	19
Figure 10. Flooding risk of Dong Thap province if the sea level rise by 100 cm	20
Figure 11. Projected change of water level in Hong Ngu (left) and in Cao Lanh (right)	21
Figure 12: Projected change of water level in the Plain of Reeds	21
Figure 13. Location of sluice gates built in Tram Chim national park	23
Figure 14. Map of proposed ecotourism sites, trails and services in Tram Chim national park by 2020	24
Figure 15. The project site and the national park	27

[bookmark: _Toc519181381]List of Tables
Table 1.Key steps in in studying the climate vulnerability and adapting options Tram Chim site	4
Table 2. Goods and services provided by Tram Chim ecosystem	9
Table 3. Population and population density 2005-2015	11
Table 4. Total population, number of households and poverty rate  in 2017	12
Table 5. Cause and effect of climate change in Mekong Delta, Vietnam	13
Table 6: The frequency of fires and total area destroyed by fired (ha)	14
Table 7: Projecting the medium temperature in Dong Thap through different scenarios (B1, B2, A1FI)	17
Table 8: Average rainfall through different scenarios in Dong Thap province	18
Table 9: Change (in %) of seasonal rainfall in Dong Thap through B1 senarios	18
Table 10: Change (in %) of seasonal rainfall in Dong Thap through B2 senarios	18
Table 11: Change (in %) of seasonal rainfall in Dong Thap through A1FI senarios	18
Table 12: Change of rainfall in the dry season (November – April) through senarios	19
Table 13. Number of visitors and contribution to the local economy	24
Table 14. Interventions of communities in Tram Chim	27



[bookmark: _Toc519181382]1. Introduction
The natural ecosystems of the Greater Mekong Sub-region (GMS) are of critical importance to the ~75 million people living within the region who rely upon natural resource-based livelihoods. Of the region’s natural systems, the Mekong River is arguably the most essential in supporting rural livelihoods and maintaining the functionality of associated ecosystems. Despite their regional importance, the ecosystems of the GMS face a multitude of anthropogenic pressures that threaten their capacity to provide goods and services for local communities. Additionally, the GMS has undergone extensive deforestation in past decades, which has reduced the supply of important ecosystem goods and services to poor communities. The problems in the GMS are exacerbated by a climate that has undergone considerable change in recent decades and is expected to continue changing throughout the 21st century. Without appropriate adaptation interventions, it is likely that a large proportion of the GMS’s population will remain extremely vulnerable to the effects of climate change and ecosystem degradation.
The project will implement innovative, on-the-ground adaptation technologies and share implementation lessons across the GMS. Adaptation technologies will be demonstrated in the middle (in the Young Basin in Thailand) and lower (surrounding Tram Chim National Park in Vietnam) reaches of the Mekong River basin to build climate resilience and generate adaptation knowledge from diverse environmental and socio-economic contexts. 
The proposed project will increase the resilience of beneficiary communities to the effects of droughts and floods by implementing a suite of adaptation interventions– with a focus on EbA – including inter alia: i) living check-dams; ii) integrated home gardening; iii) agroforestry; iv) forest regeneration; v) water distribution canals; vi) NTFP-based and additional livelihood options; vii) climate-resilient crop varieties; and viii) natural resource-based community cooperatives. Additionally, knowledge-sharing and awareness-raising in local communities surrounding project beneficiaries will be accomplished through inter alia: i) knowledge-sharing days; ii) local field visits; iii) the dissemination of awareness-raising and training materials; iv) climate change centres at local schools ; v) grassroots adaptation sharing events; and vi) regional exchange visits. Comprehensive monitoring and evaluation, as well as small-scale research projects, will be conducted with local institutions to generate knowledge products on context-specific lessons learned. The knowledge generated at the country level will be shared regionally on ways to combat drought and flood risk– specifically EbA – across the GMS in the different ecosystems of the GMS.
The overall objective of the proposed project is to reduce vulnerability to climate change in the Greater Mekong Sub-region (GMS). In order to increase resilience of the region, it is essential to identify the climate vulnerability. This objective will be achieved through three complementary outcomes:
i) Climate change adaptation interventions, particularly EbA, implemented by vulnerable communities in the GMS to manage climate change impacts, particularly droughts and floods.
ii) Enhanced knowledge and awareness of adaptation measures, including EbA, to shared climate change impacts in different ecosystems to promote regional cooperation, planning and implementation of adaptation in the GMS.
iii) Strengthened regional cooperation on climate change adaptation, particularly in response to floods and droughts, in the GMS.
In Vietnam, areas around Tram Chim National Park (TCNP) have been selected as the site to implement adaptation interventions, particularly EbA measures to increase climate resilience of the area. In order to support the development of a full project document, the research team will undertake a study of climate vulnerability and adapting for the proposed site. The research will focus on (1) identify appropriate methodology for undertaking climate vulnerability assessment; (2) Undertake vulnerability assessment of the proposed site and (3) Recommend appropriate EbA options for the proposed site. 
[bookmark: _Toc519181383]2. Approach and methodology
[bookmark: _Toc519181384]2.1 Approach
In order to understand the climate vulnerability of the site and appropriate adapting options which include Ecosystem-based Adaptation (EbA) and non-EbA measures, this study applies the approach of qualitative research in which climate threats of the Mekong Delta Region are listed through a comprehensive literature reviews. Climate threats of the proposed site were then identified and confirmed in a consultation meeting with staff of Tram Chim National Park (TCNP) and leaders of community groups and unions around TCNP. Climate threats which indicate in form of temperature, rainfall, sea level rise and extreme weather events. These climate behaviors, if accelerated will cause consequences or impacts on nature (biodiversity losses including ecosystem services) and Socio-Economics (socio-economic losses including welfare of people). The approach applied in this study is schematically presented in Figure 1. 
CLIMATE CHANGE 
Temperature (increase or decrease)
Rainfall (increase or decrease)

Sea level rise 

Extreme weather events
Natures/ Ecosystem
Socio-Economic (People/
Communities) 
Livelihood (incomes, working conditions, food security,…)
Infrastructure (damages, disfunctions, …..)
Social welfare (education, health, relationships,…) 
Biodiversity losses, disbalance,…
Climate threats
Impacts on 


[bookmark: _Toc519158965]Figure 1. The approach in linking climate threats and its impacts to nature socio-economic system 
[bookmark: _Toc519181385]2.1.1 Planning and inception
In order to gain a thorough and harmonized understanding and agree on the scope of tasks including key climate threats and their impact on ecosystems (particularly the national park) and communities, planning meetings were held with the technical team of the national park, representatives of communes/counties, community groups and the International Consultant. In such meetings, the teams and the consultants agreed on the approach and methodology and timelines for engaging the stakeholders and collecting the information required for developing a full size project document for submission by the international consultant to the Adaptation Fund (AF) in August 2018. The key stakeholders for the proposed project were also generally agreed upon for instance sub county and district local governments, with emphasis to conduct more consultations at community level. 
[bookmark: _Toc519181386]2.1.2 Field visit
As part of the preparations for information/data collection, a reconnaissance field visit was carried out to the proposed and project sites agreed upon for purposes of getting exposed to the their location, problems, stakeholders, natural resources and socio-economic issues, problems and challenges and opportunities and overall baseline information. Generally, information about various issues regarding climate change vulnerability in the proposed and agreed areas, community livelihoods and natural resource conservation issues were collected.
[bookmark: _Toc495443555][bookmark: _Toc495481299][bookmark: _Toc509557462][bookmark: _Toc512963741][bookmark: _Toc512963820][bookmark: _Toc513150981][bookmark: _Toc519181387]2.1.3 Stakeholder consultations and community engagements	
[bookmark: _GoBack]In line with the UN Environment policy[footnoteRef:1], various stakeholders at national, district and local levels were consulted. Efforts were made to capture issues unique and specific to men and women and indigenous peoples as required by the UN gender policy[footnoteRef:2]. Indeed, 60% of the community consulted were women. Stakeholder consultations were conducted at two levels; i.e. national park and communes/communities. Key stakeholders including the national park management board and commune (or sub-county) authorities i.e. both technical and political leadership, local institutions, field staff responsible for forests protection and wetlands conservation (inside the park) and related resources, planning, monitoring, and other activities for management of natural resources in the proposed project site were consulted. Stakeholder engagement mainly involved local government leaders and local communities at commune and village levels. During consultations the techniques such as focus group discussion, participatory rapid appraisal and in-depth interviews were used to collect qualitative data and information.  [1: UNEP, 2015. Handbook for stakeholder engagement at UNEP, http://wedocs.unep.org/handle/20.500.11822/7449.]  [2: UNEP, 2015. Gender Equality and the Environment: Policy and Strategy  http://hdl.handle.net/20.500.11822/7655] 

[bookmark: _Toc519181388]2.2 Research methods
In order to be able to generate and implement appropriate climate change adaptation measures, it needs to know which risks (or threats) climate change poses to a system (ecosystem and population). Identifying these adaptation measures can be done with the help of a vulnerability assessment. Such assessments allow practitioners and decision-makers alike to determine where, in which sector and by whom their support is most urgently needed, and in which form. The vulnerability assessment thus allows that targeted, more effective and sustainable adaptation activities can be conducted (GiZ and ISPONRE, 2017). Additionally, climate vulnerability assessment helps to:
1. Identifying current and potential hotspots  Vulnerability assessments can compare susceptibility to climate change in multiple systems. They also allow better understanding of the factors driving the vulnerability of particular climate change hotspot (e.g. a specific geographical area or industry, which is more severely affected by climate change than others).
2. Identifying entry points for intervention  information on the factors underlying a system’s vulnerability can serve as a starting point for identifying suitable adaptation interventions. Adaptation can reduce vulnerability by increasing a system’s adaptive capacities and by decreasing its sensitivity to climate change
Based on available resources and times as well as ultimate objective, one can conduct climate vulnerability assessment in different approaches. There is no one-size-fits-all approach to vulnerability assessments. They can differ significantly in their set-up depending on scope and available resources. There are two types of vulnerability assessment, focused vs. explorative.
Explorative vulnerability assessments focus on several topics, covering a large area with a low spatial resolution for data collection and including only rough climatic trends for the future. They are usually less resource and time-intensive and primarily based on expert opinion, existing literature and data. 
Focused vulnerability assessments involve extensive stakeholder involvement, concentrating on a smaller spatial unit, a specific topic or system and/or defined period of time. While this requires more time and resources, the methods used produce the kind of focussed analysis which may well be required for concrete adaptation planning. However there is no defined cut-off point between the two types of assessment. 
In this study, it uses the combination between two types of vulnerability assessments. At first explorative vulnerability assessments was used to identify key vulnerable groups and locations/areas (climate threats). The focused vulnerability assessment then were applied to further identify most vulnerable groups and to propose appropriate adapting options, particularly EbA interventions. 
In this study due to time constraints, most of assessments are relied on literature review combined with community meetings and expert consultation. Table 1 summaries key steps in studying the climate vulnerability and adapting options for Tram Chim site. 
[bookmark: _Toc519158980]Table 1.Key steps in in studying the climate vulnerability and adapting options Tram Chim site
	STEP
	HOW TO PROCESS
	EXPECTED OUTPUTS

	Step 1: Identify climate threats in the areas (past, present and future scenario) 
	· Review related climate change documents and reports of the region
· List of potential climate threats 
· Group discussion to rank the most climate threats by scoring 
	· A comprehensive list of climate threats of the region 
· A list of 5 most climate threats of the region/area 

	Step 2: Identify vulnerable groups/sectors that needs detail assessment. 
	· Review the socio-economic development of the regions
· List all the key livelihood activities that may mostly effected by climate threats 
· List of key infrastructure that most vulnerable to climate threats 
	· List of the most vulnerable groups/sector in the regions 
· List of the most vulnerable infrastructure in the regions 


	Step 3: Identify impact chains 
	· After key climate threats identify, the impact of these threats are identified and assessed through literature reviews  
· Impacts on the ecosystem identified and assessed by literature review and expert consultation
· Impacts on local communities identified through literature review and community meetings   
	· Maps of impact chains 
· Key impacts on ecosystem (national park) are recognised and documented 
· Key impacts on communities (people living around the park) are recognised and documented

	Step 4: Identify adapting options  
	· After the most vulnerable group identified and confirmed, assessment on adaptive capacity conducted qualitatively.
· Identify the existing adapting options for each climate threat 
· Review the future threats/challenges
· Propose the most promising adaptive measures 
	· Ecosystem and communities most vulnerable confirmed
· Adaptive capacity of ecosystem and communities assessed 
· List of existing adaptation measures finalised and reconfirmed by local communities 
· Future threats (climate change scenarios/risks) reviewed 
· List of the most promising adaptation measures proposed (both EbA and non-EbA options) 


[bookmark: _Toc519181389]2.3 Data collection tools and data collected
A check list with pre-determined questions was used to guide the discussions during consultations with key informants, focus group discussions and the community meetings. The check list sought to first of all confirm the importance or the values of the wetland (national park) and Mekong river; the climate variability and changes that they were exposed to; who was vulnerable to the climate variability and change threats; causes of their vulnerability; barriers to adaptation; coping strategies they use at local level and interventions that could enable them to better cope with the climate change variability in their areas. Data on socio-economic development of the district and communes around Tram Chim National Park (TCNP) was also collected through statistical year book and reports provided by local government. 
[bookmark: _Toc519181390]3. Background of the site 
[bookmark: _Toc519181391]3.1 Location and size
Tam Nong is a remote district of Dong Thap province, in Mekong delta river of Vietnam, with a total area of 46,081.86 hectares. The north adjoins to Tan Hong and Hong Ngu districts, Thanh Binh district to the south, and Thap Muoi district to the east. The district is located in the center of the northern part of the province, with Tien River and National Road 30 stretching through it, and the waterway network is distributed evenly, creating favourable conditions for goods exchange and economy development (Figure 2). 
[image: ]
[bookmark: _Toc519158966]Figure 2. Location of the project in Vietnam’s Mekong Delta 
The district has 12 administrative units, including 12 communes: Tan Cong Sinh, Phu Tho, Phu Thanh A, Phu Thanh B, Phu Ninh, Phu Hiep, Phu Duc, Phu Cuong, Hoa Binh, An Long, An Hoa communes (or counties) and Tram Chim town with a total of 53 hamlets/villages. In which, 25 villages under 6 administrative units (communes and town) located around the national park. While the Project covers Tram Chim National Park (TCNP) and its buffer zones (include 5 communes and one town) in Tam Nong district, Dong Thap province with a total area of 37,613 hectares (Figure 3). In which, TCNP occupies an area of 7,313 ha and 30,730 hectares under the management of local communities.
[image: ]
[bookmark: _Toc519158967]Figure 3. Project area includes Tram Chim National Park 
3.1.1 Introduction of Tram Chim National Park 
Tram Chim National Park was first established as a Nature Reserve (Decision No. 47/TTg dated 2nd February 1994 by the Prime Minister of Vietnam). In 1998, it has oficial recognised as a wetland National Park which covers an area of 7,588 ha in Tam Nong district, Dong Thap province in Mekong Delta region of Vietnam, with coordinates: from 10o37’ to 10o46’ North and from 105o28’ to 1005o36’ East. The park located in 5 communes (including Phu Duc, Phu Hiep, Phu Thanh B, Phu Tho and Tan Cong Sinh) and Tram Chim town. Tram Chim National Park (TCNP) supports one of the last remnants of the Plain of Reeds wetland ecosystem. In 2012, Tram Chim National Park was recognized as the World’s 2000th Ramsar site and the 4th Ramsar site in Vietnam.  The Park is divided into five separate management zones, A1, A2, A3, A4, A5 (Figure 1), and Zone C as Administrative area, each surrounded by canals with a total of 60 km in length. A network of canals with various depth and width runing through the management zones, for example A1 has been divided into three units by additional major canals. The Park consists of 2,808.05 ha of forested land (Melaleuca cajiputi stands mainly aging from 10 to 18 years, grown on sand and clay soils), 4,307.02 ha of grassland and 472.93 ha of other land uses. The dominant flora species include Eleocharis spp. grass, Panicum spp., Ischaemum spp, grass, wild rice, and lotus. The site is inundated annually to a depth of 1-3 m during the wet season (peak level occurring sometime between September and November). 
[bookmark: _Toc519181392]3.2 Biophysical characteristics
The project site is a wetland and lowland where local communities living outside of the national park. Located in the Plain of Reeds which is inland wetland in Vietnam's Mekong Delta and is a "back swamp" forming a large inundated depression of highly acidic soil. Until the 1970s, only primitive floating rice could be grown in the area. It is similar to a very large swampy floodplain stretching along the Tien River from Chau Doc to the Takeo Plateau. It was around 1,000,000 hectares in the 18th Century, and is now half that size due to drainage and irrigation systems. Within Plain of Reeds, Tram Chim National Park has been protected for the conservation of wetland ecosystems. The zonings of Tram Chim National Park is schematically presented in Figure 4 which consist of 5 zones (A1-A5). 
Zone A1: Compared to the suggested water levels of MWBP, the actual water levels were different from 10-16cm higher. If we considered the variation was ±5cm then the differences varied from 5-11cm. In general it is acceptable, except the year 2012 it was extremely high from April to June. This could be the reason that Eleocharis tubers could not be formed thus resulting in a low number of Sarus Crane (13 individual) in the following year of 2013.
Zone A2: The actual water level was higher than the suggested water levels by about 18-58cm. This is a special case of TCNP as water levels in this zone were kept very high after a seriously fire in 1996. After almost 20 years keeping high water levels to prevent fires, organic matters accumulation was very high due dead Melaleuca trees and grass materials cannot decomposed, some part of this zone this organic layer reached about one meter.
Zone A3: This is a disturbing ecosystem as it is in restoration trial stage. Then the suggested water levels should be based on the vegetation restoration, especially the restoration of Eleocharis community. The data of vegetation monitoring in 2011 and 2012 indicated that Eleocharis is recovering and tubers were formed. Therefore, it is suggested to manage water as the present. However, it needs more time to monitoring the Eleocharis community and their tubers as well as the number of Sarus Crane come back for feeding.
Zone A4: This zone is an important feeding place for Sarus Crane when they came to TCNP. Usually they use this zone during the period of December to January. Therefore, the project suggests keeping water low at this time to support feeding place for them. Several dikes and sluices were built to manage water at low levels in the dry season and maintain water levels in the end of the dry season to allow Eleocharis to form their tubers. However, based on the actual data we can see that the water levels in the beginning of the dry season is still high (>20cm) and there is a lack of water at the end of the dry season (-2cm). It is important to keep water levels at this zone at the suggested water levels.
Zone A5: This zone is too dry (-24 to -48cm) and although several dikes and sluices were built to maintain and keep water longer than that normal, the data shows the water regime for this zone has not improved. More surveys to dike systems and soil infiltrations are needed to re-calculate water budget management. This new water levels should be applied for water level control inside the zone and dikes and sluices improvement to maintain water regime for this zone are required.
Tram Chim 
C
Phu Hiep 
Phu Thanh B 
Phu Tho 
Phu Duc 
Tan Cong Sinh 

[bookmark: _Toc519158968]Figure 4. Schematic presentation of Tram Chim national park and surrounding communes 
[bookmark: _Toc519181393]3.3 Ecosystems profile
The ecosystem in Tram Chim can provide different important goods and services to local communities and to the Delta (Table 2). It is hence very essential to protect and maintain the national park in the context of climate change. 
[bookmark: _Toc519158981]Table 2. Goods and services provided by Tram Chim ecosystem 
	Goods and service to local communities
	Goods and service to the Delta

	· Fish 
· Fuel wood 
· Grass 
· Lotus and water lily for foods 
· Provision of fish to the surrounding 
· Micro-climate regulation 
	· Tourism 
· History and culture 
· Ground water recharge; 
· Regulate saline intrusion 
· Carbon sequestration 
· Scientific (site study)
· Biodiversity conservation


[bookmark: _Toc519181394]3.3.1	Wetlands (national park)
According to Tran (2005)[footnoteRef:3], wetland ecosystems at Tram Chim are grouped into three broad types: Melaleuca woodlands, seasonally inundated marshes, and permanently inundated swamps. Melaleuca cajuputi (Myrtaceae) forest is the only type of forest known to exist in the region since reliable scientific records were established. There is, however, evidence of more ancient forests dominated by other species of trees in the Plain of Reeds. Large tree stumps (1.8–2 m in diameter) with shallow spreading root systems were discovered in the buffer zone of Tram Chim National Park and were subsequently identified as a species of the genus Syzygium. At present, all forest stands at Tram Chim are replanted with the native Melaleuca cajuputi. [3:  Tran T, 2005. An introduction to the biophysical environment and management of wetlands in Tram Chim National Park, Dong Thap Province, Vietnam. J Sci Technol Develop. 2005;8(6):31–9] 

The seasonally inundated marshes at Tram Chim are the last extensive remnant of once immense freshwater marshes of the Plain of Reeds. The marsh plant communities form a continuum, closely following the gradient of soil surface elevation and water permanence. The Panicum repens (Poaceae) community is located on sand ridges and old-alluvium formations, with inundation time of 1–3 months a year. Oryza rufipogon (Poaceae) and Eleocharis dulcis (Cyperaceae) communities are located on the most depressed areas that may be flooded up to 9–10 months a year. The Ischaemum rugosum (Poaceae) community is located in areas of medium elevation, with average flooding time of 4–5 months a year.
Lotus Nelumbo nucifera (Nelumbonaceae) is abundant in permanently inundated swamps which are located on old riverbeds and shallow streams. Besides Nelumbo nucifera, many other aquatic plants are also found in lotus swamps such as Nymphaea nouchali, Nymphaea tetragona (Nymphaeaceae), Polygonum tomentosum (Polygonaceae), Ludwigia adscendens (Onagraceae), Nymphoides indica (Menyanthaceae), and Hymenachne acutigluma (Poaceae).
[image: ]
[bookmark: _Toc519158969]Figure 5. Key wetland flora communities in Tram Chim National Park[footnoteRef:4] [4:  Nguyen Huu Thien, Hoang Van Thang and Ho Cong Hoa, 2010: Tram Chim Wetland Vulnerability and Climate Change-Initial findings ] 

[bookmark: _Toc519181395]3.3.2	Biodiversity 
The avifauna of Tram Chim National Park is both diverse and abundant. To date, 231 bird species have been identified at Tram Chim, of which 15 species are either endangered, threatened, or of special concern: Comb Duck (Sarkidiornis melanotos), Grass Owl (Tyto capensis), Bengal Florican (Houbaropsis bengalensis), Eastern Sarus Crane (Grus antigone sharpii), Greater Spotted Eagle (Aquila clanga), Oriental Darter (Anhinga melanogaster), Black-headed Ibis (Threskiornis melanocephalus), Black-faced Spoonbill (Platalea minor), Painted Stork (Mycteria leucocephala), Asian Openbill Stork (Anastomus oscitans), Lesser Adjutant (Leptoptilos javanicus), Greater Adjutant (Leptoptilos dubius), Black-necked Stork (Ephippiorhynchus asiaticus), Malaysian Plover (Charadrius peronii), and Asian GoldenWeaver (Ploceus hypoxanthus). Some of these birds, however, are infrequent visitors to Tram Chim wetlands or are represented by very few records. Tram Chim frequently hosts large flocks of water birds such as Garganey (Anas querquedula), Common Teal (Anas crecca), and Little Cormorants (Phalacrocorax niger) and a variety of wading birds (e.g., Ardea spp., Egretta spp., Ixobrychus spp.).
Tram Chim National Park is well known in Vietnam for the presence of the Eastern Sarus Crane. The discovery of large flocks of Sarus Cranes in Tram Chim in the mid-1980s generated much excitement in the country and was the main reason for Tram Chim to be gazetted for conservation as a provincial nature reserve and then as a national park. Even though the number of cranes has declined at Tram Chim from the highest two decades ago, Tram Chim National Park is still one of the most important sites for Sarus cranes in the Mekong Delta.
The wetlands of Tram Chim National Park provide important sources of food, spawning grounds, and migration paths for dependent fish stocks, both within and outside the wetlands. Of the 130 fish species identified in Tram Chim, 5 species are globally threatened and 20 species are ranked as high or very high vulnerability according to the FishBase 2004 (an online-data base of fish species worldwide).
[bookmark: _Toc519181396]3.3.3	Ecosystem services
For people living in the buffer zone, fish from Tram Chim are probably the most desirable resource. Local people also harvest turtles, snakes, birds, Melaleuca for fuel wood, and some aquatic plants such as lotus and water lilies for food. Wetland plants, such as Panicum repens and Eleocharis dulcis, are an important source of mulching material for local vegetable gardeners. Tram Chim recently has become a popular ecotourism destination in Vietnam, serving over 20,000 visitors a year, many of whom are students. The handicraft made from wetland plant materials become important product to diversify livelihood of the local communities. 
[bookmark: _Toc519181397]3.4	Community Profile
The natural area of 5 communes and 1 town adjacent to Tram Chim National Park is 30,730 ha, accounting for 64.8% of the total area of the district. The number of households in these 6 administrative units is 45.9% and the number of people accounts for 45.4% of the total population and the number of people in the district.
In only 10 years from 2005 to 2015, the number of households around the park has added more 2,300 households, corresponding to the population increased 5,273 people (up 12.4%), and increase 878 people per year in average. Population density increased by 17 persons per km2 in the last 12 years. The fastest growth is Tram Chim town and Phu Duc commune with an increase of 34 people per km2. 
This shows that the pressure is always on the protection and conservation of Melaleuca forests, wetland ecosystems and biodiversity of Tram Chim National Park. The statistics below show an increase in the number of households, population and population density between 2005 and 2015.
[bookmark: _Toc519181398]3.4.1	Population
Tam Nong district, Dong Thap province has a total population of 175, 926 people (2016), in which more than 115,000 people living around Tram Chim National Park (TCNP). Table 3 shows the population growth for the period 2005-2015 of communes around the park, in which Tram Chim town has a largest number of household as well as population in 2005. 
[bookmark: _Toc519158982]Table 3. Population and population density 2005-2015
	No. 
	Commune/Town
	Number of household
	Population 
(Person)
	Population density (Person per sq. km)

	
	
	2005
	2015
	2005
	2015
	2005
	2015

	1
	Tram Chim town
	2.330
	2.899
	9.865
	11.061
	801
	835

	2
	Phu Duc 
	1.403
	2.230
	6.198
	8.409
	120
	154

	3
	Tan Cong Sinh 
	1.109
	1.636
	4.506
	6.330
	58
	76

	4
	Phu Thanh B 
	1.032
	1.168
	3.901
	4.627
	76
	89

	5
	Phu Hiep 
	1.736
	2766
	7.478
	10.212
	148
	160

	6
	Phu Tho 
	2.290
	2.738
	10.551
	10.946
	166
	172

	
	Total 
	9.900
	12.271
	42.499
	47.772
	138
	155


[bookmark: _Toc519181399]3.4.2	Livelihoods
Livelihood of local communities around the national park is agriculture-based. Number of households under the poverty line is quite high with more than 20% in average, Tan Cong Sinh in particularly has more than 25% of families living under 44$ per person monthly (Table 4). In the buffer zones, farmlands or agriculture land occupies around 89% of 23,000 hectares, in which most of the area are for rice production. Aquaculture and orchard consist of small portion (less than 2% of total agriculture land). More than 80% families are relied on income from farming activities. 
Cultivation on farmland around the national park recently influences by drought and off-season rains which reduce the income of farmers. For example, most of paddy rice field in Phu Duc commune/village are three –crop annually (3585.3 ha in total area of agriculture land 5207.52ha), which requires precise crop calendar and water irrigation control. However, drought and off-season rains have caused yield reduction of paddy rice and eventually lead to lower income of more than 70,000 persons living in the area. 
[bookmark: _Toc519158983]Table 4. Total population, number of households and poverty rate[footnoteRef:5] in 2017  [5:  According to standard of Decision 59/QD-TTg date 19th November 2015 on multi-dimension poverty for 2016-2020. Poor household = monthly income of 1,000,000 VND per capital (around 44$/month/person). ] 

	Villages/commune 
	Population 
	Household 
	Poverty (%)
	Gender

	
	
	
	
	Female
	Male 

	Phu Hiep
	10212
	2766
	23.15
	50.1
	49.9

	Phu Duc
	8409
	2230
	20.68
	49.6
	50.4

	Phu Thanh B
	4627
	1168
	22.72
	50.2
	49.8

	Tan Cong Sinh 
	6330
	1636
	26.96
	50.3
	49.7

	Tram Chim 
	11061
	2899
	17.55
	49.8
	50.2

	Phu Tho 
	10946
	2738
	16.74
	50.4
	49.6

	Total 
	51585
	13437
	
	
	


Source: Statistical data from Tam Nong District 
[bookmark: _Toc519181400]3. Climate change threats/risks to the site 
Interviewing with local communities and staff of TCNP as well as the recent studied report, it highlights that there are a number of climate related threats in Tram Chim. The finding includes: 
1. Temperature increased will lead to increase evaporation and lower water availability in the areas. 
2. Flood peaks decreased that ended up in fish reduced and sediment also is reduced significantly in the delta. 
3. Longer dry season that leads to prolong drought and end up in a number of consequences including lower crop yield, lack of fresh water, …
4. Unpredictable offseason rain events, normally with high intensities and short events caused localized inundation on field surface that is difficult to drain leading to Eleocharis fails to produce tubers and as a result Sarus cranes do not have enough food supply.
5. Dry season inundation caused by offseason rains. In this case, Eleocharis cannot produce tubers that lead to less Sarus cranes arrived due to lack of food chain.
The climate change problem in Tram Chim can be schematically presented in Figure 6 that also highlights key adaptation strategies. 
[image: ]
[bookmark: _Toc519158970]Figure 6. Climate change pathway and adaptation in Tram Chim
Causes and effects of climate change in Mekong Delta include Tram Chim site is presented in Table 5, where only high floods show the positive effects/impact all other threats lead to negative impact. However, increase temperature lead to hotter water surface and stratified water column have impacts on primary production of ecosystem and fish is not clear and need further studies. 
[bookmark: _Toc519158984]Table 5. Causes and effects of climate change in Mekong Delta, Vietnam 
	IF
	THEN  
	(+) or (-)

	High floods
	More fish eggs and fries enter the system
	(+)

	
	Wash away accumulated organic matters 
	(+)

	Low and late start of floods 
	Less fish eggs and fries
	(-)

	
	Organic matters accumulated depleting D.O 
	(-)

	Longer dry season 
	Increase evaporation risk of fires Increase water stocking at end of flood season 
	(-)

	Longer flood season 
	Advantage for deep-water bird species 
	(-)

	Increase temperature 
	Increase evaporation  increased risk of fires higher stocking at end of food season  not good for Eleocharis 
	(-)

	
	Hotter water surface + Stratified water column lead to: 
· Impact on primary production 
· Impact on fish 
	(?)

	Increased off-season rains 
	Localised flooding  no food for Eleocharis 
	(-)

	
	Complicated water management scheme 
	(-)

	
	Washing acidity down to low areas and canals  fish die-off 
	(-)


Source: Nguyen Huu Thien, Hoang Van Thang and Ho Cong Hoa, 2010: Tram Chim Wetland Vulnerability and Climate Change-Initial findings
[bookmark: _Toc519181401]4.1 Existing threats
Recently, Tram Chim National Park (TCNP) and its surrounding areas face threats from a number of climate hazards such as higher temperatures, irregular rainfall patterns, and storms. These hazards lead to drought and flooding that cause loses in biodiversity of the national park and livelihood of nearby communities. Additionally, illegal fishing practices that use dangerous methods like electricity and explosives which can cause forest fires, and human encroachment due to high rate of poverty in the surrounding communes. Beside the pressure from livelihood activities, the part also faces the threats from climate change or the combination of climate change and human induced causes.  
[bookmark: _Toc519181402]4.1.1 Threats by higher temperature and drought
According to Duong Van Ni and Le Anh Tuan (2015)[footnoteRef:6], one of the consequences of drought is the forest fire. In only 5 years (2009-2013) there were 24 fires that destroyed a total of 294.13 ha grassland and 133.19 ha Melaleuca forest (Table 6). Of that, A1 and A5 has 9 fires, one of the most severe fires was happen in 2010 in zone A1 and zone A5 in 2009, others has from 1-3 fires. It is notable here that in 2012-2013 there no fires were reported. [6:  Duong Van Ni and Le Anh Tuan, 2015. Review existing water management strategy in Tram Chim National park and develop the new strategy that climate change issues are incorporate] 

[bookmark: _Toc519158985][bookmark: _Toc336932495][bookmark: _Toc412792084]Table 6: The frequency of fires and total area destroyed by fired (ha)
	Zone
	Frequencies
	Praries
	Melaleuca
	Total (ha)

	A1
	9
	270.14
	130.92
	401.06

	A2
	2
	0.00
	2.16
	2.16

	A3
	1
	1.81
	0.00
	1.81

	A4
	3
	3.30
	0.10
	3.40

	A5
	9
	18.88
	0.00
	18.89

	Sum
	24
	294.13
	133.19
	427.32


The water levels of zone A1 and A5, where water levels at A1 were closed to the suggested levels by project and A5 were much lower than the water levels suggested, it is concluded that fire of zone A1 in 2010 was not caused by low water levels, but it is considered as a cause of the dead organic matters, which have accumulated due to keeping high water levels during the previous years. Figure 7 highlights the fires in grassland of TCNP. 

[image: ]
[bookmark: _Toc519158971]Figure 7. Fires in the national park (grass field) in 2010 
Due to the characteristics of terrain, canals and canals divided into 6 subdivisions (A 1, A 2, A 3, A 4, A 5 and C), making the management, patrol and control meet encounter difficulties, security forces have no means of motorcycle to go patrol. In the dry season, villagers violate the park regularly, most of which use fire so easily burns at any time. Local people have no place to grazing livestock, so the households have taken advantage of the natural grass of the park to release cattle into the park. 
[bookmark: _Toc519181403]4.1.2 Threats by offseason rain 
The symbol of biodiversity in Tram Chim national park is Sarus Crane (red-headed Sarus Crane). However, in recent year number of Sarus Crane arrived in TCNP reduced significantly. The set of data was distinguished in two gaps: from 1990 to 2000 it was always more than 200 individuals came back every year, and from 2000 to date that number was always lower than 200! It is remarkable that during a 12 year period (2000 to 2012) there were several alternatives of water management had been implemented, e.g. from 2000 to 2008 water levels were kept high and from 2009 to 2013 it was managed as target water levels developed by MWBP (Table 2), although in 2012 the water levels were kept higher than the suggested water levels. However, it is reported that crane numbers in lower Mekong basin (Cambodia, Lao PDR and Vietnam) was also decreased. Then, to adjust the water levels for different zone of TCNP and characteristics of plant communities are more reasonable to concern than just only crane numbers.
In general, the number of cranes varied from 1990 to date is related to fires. In the years with grassland fires then the number of Sarus crane in the following years was increased. However, the number of cranes to the Mekong delta was always smaller than 200 individuals from 2000 to date was not much related to the water or fires at Tram Chim. 
At the beginning of dry season, cranes migrated from Northern part of Cambodia to Takeo province at the border of Cambodia-Vietnam; later on they moved to Kien Luong - Ha Tien and then Tram Chim national park before came back to Cambodia at the end of the dry season. In recent years, it was reported that the number of Crane came to Takeo province varied between 300-500 individuals. Thus, the number of crane was smaller than 200 from the year 2000 may relate to the land uses changes, mainly from grass lands to the shrimp farming at Kien Luong - Ha Tien areas and off-season rains in feeding areas.
[bookmark: _Toc519181404]4.1.3 Other threats and challengs 
Besides the fire and water issues, invasive alien species is another important threat to Tram Chim. The giant sensitive plant Mimosa pigra (Fabaceae) and the Golden Apple Snail (Pomacea canaliculata) are the two most serious invasive species at Tram Chim. Mimosa pigra once covered more than 3,000 ha of wetlands in Tram Chim. Recent eradication activities have reduced the area of Mimosa pigra infestation. Golden Apple Snails were first detected at Tram Chim during 2000–2002 and quickly became abundant by 2004. An effective invasive species management program needs to be implemented on a permanent basis at Tram Chim in order to keep harmful invasive species under control. Even though there has been good progress in managing resource sharing with local communities, illegal exploitation of wetland resources can still be a major threat to the Tram Chim wetlands.
Located downstream of the Mekong river, Tram Chim National Park is susceptible to changes in the river hydrology and sedimentation caused by upstream development, especially hydropower development. Twelve hydropower dams, proposed to be constructed along the Mekong main channel in Laos and Cambodia, together with the existing and planned dams, in the upper Mekong basin in China, would cause tremendous changes in river hydrology and sedimentation in the delta area (ICEM 2010) and as a result would profoundly affect Tram Chim.
[bookmark: _Toc519181405]4.2 Predicted future threats
[bookmark: _Toc412792058][bookmark: _Toc519181406]4.2.1. Temperature change projection
SIMCLIM model was used to project temperature change for Dong Thap province up to year 2100 corresponding to the B1, B2 and A1FI scenarios (Table 7). The medium temperature in Dong Thap area tends to increase through the years according to different considered scenarios (Figure 8). In March – May period of the year 2100, the highest temperature on B1, B2 and A1FI scenarios will increase about 1°C, 1.44°C and 2.549°C, respectively. Higher temperature distribution will be in the northwest and descending to the southeast of Dong Thap province. All scenarios results showed the highest temperature will increase in the dry months of province, leading the water shortage and drought situations will be more serious in the future. 
Minimum temperature of Dong Thap sub-areas have tended to increase over the periods of years and will increasing following the low, medium and high emission scenarios.The highest minimum temperature have found to increase in 2100 according to the B1, B2, A1FI scenarios as 1.0°C, 1.55°C, 2.63°C, respectively, these projected data will appear primarily in the period of March to May of the yearly dry season. Maximum temperatures are found also as upward trending over the years likely medium and minimum temperatures. The highest maximum temperature will increase in 2100 according to the B1, B2, A1FI scenarios as 0.99°C, 1.3°C, and 2.56°C, respectively.
[bookmark: _Toc336932511][bookmark: _Toc412792104][bookmark: _Toc519158986]Table 7: Projecting the medium temperature in Dong Thap through different scenarios (B1, B2, A1FI)
	Scenarios 
	Temperature
	2020
	2030
	2050
	2070

	B1
	Medium
	28,025
	28,097
	28,405
	28,499

	
	Max.
	31,74
	31,92
	32,3
	32,68

	
	Min.
	24,30
	24,48
	24,86
	25,52

	B2
	Medium
	28,046
	28,117
	28,466
	29,351

	
	Max.
	31,79
	32,01
	32,47
	32,95

	
	Min.
	24,35
	24,57
	25,04
	25,51

	A1FI
	Medium
	28,033
	28,126
	29,4
	30,313

	
	Max.
	31,77
	32,06
	32,96
	34,06

	
	Min.
	24,33
	24,62
	25,52
	26,62


Source: Dong Thap DONRE, 2011. The action plan to respond to climate change from 20112-2020 of Dong Thap province 
	[image: ]
	[image: ]


[bookmark: _Toc519158972]Figure 8. Projecting the maximum temperature (left) and minium temperature (right) in Dong Thap through scenarios
[bookmark: _Toc412792059][bookmark: _Toc519181407][bookmark: _Toc336766717]4.2.2 Rainfall change projection
SIMCLIM model was also applied to project rainfall in Dong Thap province up to tear 2100 under B1, B2 and A1FI scenarios, resulting that Dong Thap rainfall distribution will descend towards the northwest of and ascend to the southeast of the Dong Thap province. Under the B1, B2, A1FI scenarios, over the period the average rainfalls of Dong Thap area are tending to increase (Table 8). Average annual rainfall scenarios over the period will be increased, but by each stage of the months of the year, there is an abnormal vary from monthsto months. The seasonal average rainfall in the wet period of July – August and September – November have tended to increase compared to the base data, the highest rainfall percentage will increase 20.2% under A1FI scenario (2100). In contrast, Seasonal average rainfall in the dry period of December – February and March – May will tend to decrease compared to the base periods (1990), rainfall amounts will mostly reduce 17.5% compared with baseline data under A1FI scenario (2100) (Table 8).
[bookmark: _Toc412792105][bookmark: _Toc519158987]Table 8: Average rainfall through different scenarios in Dong Thap province
	Scenarios
	2020
	2030
	2050
	2070

	B1
	1483.4
	1489.7
	1503.3
	1516.2

	B2
	1485.3
	1492.8
	1509.1
	1527.0

	A1FI
	1484.6
	1494.7
	1527.6
	1561.5


(Source: Dong Thap DONRE, 2011)
[bookmark: _Toc412792106][bookmark: _Toc519158988]Table 9: Change (in %) of seasonal rainfall in Dong Thap through B1 senarios
	Month 
	2020
	2030
	2040
	2050
	2060
	2070
	2080
	2090
	2100

	Dec-Feb
	-2.2
	-3
	-3.8
	-4.6
	-5.5
	-6.2
	-6.8
	-7.2
	-7.5

	Mar-May
	-1
	-1.3
	-1.7
	-2
	-2.4
	-2.7
	-3
	-3.2
	-3.3

	Jun-Aug
	2.6
	3.5
	4.4
	5.4
	6.4
	7.2
	7.9
	8.3
	8.7

	Sep-Nov
	1.4
	1.8
	2.3
	2.8
	3.3
	3.8
	4.1
	4.4
	4.5


[bookmark: _Toc320025250][bookmark: _Toc412792107](Source: Dong Thap DONRE, 2011)
[bookmark: _Toc519158989]Table 10: Change (in %) of seasonal rainfall in Dong Thap through B2 senarios
	Month 
	2020
	2030
	2040
	2050
	2060
	2070
	2080
	2090
	2100

	Dec-Feb
	-2.5
	-3.4
	-4.3
	-5.4
	-6.3
	-7.3
	-8.3
	-9.3
	-10.3

	Mar-May
	-1.1
	-1.5
	-1.9
	-2.4
	-2.8
	-3.2
	-3.7
	-4.1
	-4.6

	Jun-Aug
	2.9
	4
	5
	6.2
	7.4
	8.5
	9.7
	10.9
	12

	Sep-Nov
	1.5
	2.1
	2.6
	3.2
	3.8
	4.4
	5
	5.6
	6.2


[bookmark: _Toc320025251][bookmark: _Toc412792108](Source: Dong Thap DONRE, 2011)
[bookmark: _Toc519158990]Table 11: Change (in %) of seasonal rainfall in Dong Thap through A1FI senarios
	Month
	2020
	2030
	2040
	2050
	2060
	2070
	2080
	2090
	2100

	Dec-Feb
	-2.4
	-3.6
	-5.3
	-7.4
	-9.8
	-12.1
	-14.2
	-16
	-17.5

	Mar-May
	-1.1
	-1.6
	-2.3
	-3.3
	-4.3
	-5.3
	-6.2
	-7
	-7.7

	Jun-Aug
	2.8
	4.2
	6.1
	8.6
	11.3
	14
	16.3
	18.3
	20.2

	Sep-Nov
	1.4
	2.2
	3.2
	4.5
	5.9
	7.3
	8.6
	9.6
	10.6


[bookmark: _Toc320025253][bookmark: _Toc412792109](Source: Dong Thap DONRE, 2011)
[bookmark: _Toc519158991]Table 12: Change of rainfall in the dry season (November – April) through senarios
	Scenario
	2020
	2030
	2040
	2050
	2060
	2070
	2080
	2090
	2100

	B1
	174,3
	198,8
	223,2
	247,6
	272,1
	296,5
	320,9
	345,4
	369,8

	B2
	174,45
	198,95
	223,35
	247,75
	272,25
	296,65
	321,05
	345,55
	369,95

	A1F1
	174,56
	199,06
	223,46
	247,86
	272,36
	296,76
	321,16
	345,66
	370,06


[bookmark: _Toc412792060][bookmark: _Toc519181408]4.2.3 	Upstream flood change projection
Flood regime in the Mekong River delta is determined by the regional flow changes that result from climate change’s influence in upper parts of the basin, especially the change in annual precipitation. Moreover, sea level rise induced by global warming would also affect the change in flood regime in the delta; in addition to its impacts on salinity intrusion and coastal erosion that has also become major concerns in the delta[footnoteRef:7]. [7:  Tuan and Suppakorn, 2011. Climate Change in the Mekong River Delta and Key Concerns on Future Climate Threats] 

Yearly flood flows from the upstream of the Mekong River enter the Tram Chim National Park due to both pathways: the run-off flow and overbank flooding from the Tien River to the eastward of the site and the directly overland flood flowing from Cambodia fields to the southern of the Plain of Reeds and Tram Chim site. Effects of tidal and saline intrusion in the wet seasons to TCNP are not significant. In the dry seasons, sometimes the fluctuations of water levels are clearly recorded in the Mekong Rivers through Dong Thap. The potential water heads in the dry months from the canals of Tan Thanh, Hong Ngu, Dong Tien – Duong Van Duong, Can Lo are always higher than the water levels of fields the Plain of Reeds and Vam Co Tay River. During the past of more 10 years flood peaks measured at Tan Chau and Chau Doc shows the decline trend of flood peaks, except flood peak in 2011 was higher than the normal flood recorded (Figure 9).
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[bookmark: _Toc412792093][bookmark: _Toc519158973]Figure 9: Flooding peaks recorded in Tan Chau and Chau Doc in 2000 - 2011[footnoteRef:8] [8:  Duong Van Ni and Le Anh Tuan, 2015. Review existing water management strategy in Tram Chim National park and develop the new strategy that climate change issues are incorporate] 

According the result from 3-D hydrodynamic model provides guideline data to determine future change in flood regime in the Mekong River delta, where boundary of flood tends to expand further. The model simulations show an increasing trend in the annual maximum water depth and flooded area during the average and driest water years. Similarly clear trend is not visible in the wettest water years. This change may have significant impact on both the agriculture and aquaculture[footnoteRef:9]. Flood boundary is projected to expand to the southern part of the Mekong River Delta, toward areas in Bac Lieu and Ca Mau peninsula) will cause threat to aquaculture. The inundation periods of flood in the upstream provinces will be lessen; this flood regime changed will cut short the fish catching periods of the poor people in the An Giang and Dong Thap flooding areas (Figure 10). [9:  Tuan and Suppakorn, 2011. Climate Change in the Mekong River Delta and Key Concerns on Future Climate Threats] 

[image: ]
[bookmark: _Toc519158974]Figure 10. Flooding risk of Dong Thap province if the sea level rise by 100 cm[footnoteRef:10] [10:  According to Vietnam’s Climate Change and Sea Level Rise Scenarios released in 2016 ] 

Coming closely to fields inside the Tram Chim National Parks, it is hardly to project the change of water levels in the future because there are many uncertainty of future change – scenario based study and hydrological factors. The hydropower development projects in the upstream of the Mekong River will also bring more unexpected hydrological changes. However, it is predicted quantitatively that in the future, there will be an annual alternate flood and dry cycle to the site area. The flood intensive and duration will be change dramatically due to the early snow melts in the Tibet mountainous area and more tropical storms from East Sea to the Central and Southern areas of the Mekong Basin. The flood peaks will be reached around Early-to-Mid of October but the inundation duration may be shorted a little bit. Flood water from Tram Chim will release gradually earlier than the normal years, around in the Mid-to-End of November. In the dry season, water level is predicted less. Ground water table in the park may drop more rapidly due the higher evapotranspiration processes and more human aquifer water extraction as a response measure on higher air temperature and drought.
[bookmark: _Toc412792061][bookmark: _Toc519181409]4.2.4 Sea level rise impact projection
Sea level rise from the East Sea may affect to the water levels in Dong Thap province’s rivers and canals, especially in the flooding seasons. Applying the 1-dimension hydrodynamic model  with the case of flood level in year 2000 and the downtream water level in the East Sea with the assumption of sea raising of 12 cm in 2020, 17 cm in 2030 and 30 cm in 2050, the water levels in Hong Ngu, Cao Lanh and the Plain of Reeds are projected as Figure 16, Figure 17 and Figure 18, repestively (data source: Dong Thap DONRE, 2011).
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[bookmark: _Toc519158975]Figure 11. Projected change of water level in Hong Ngu (left) and in Cao Lanh (right) 
[image: ]
[bookmark: _Toc412792097][bookmark: _Toc519158976]Figure 12: Projected change of water level in the Plain of Reeds[footnoteRef:11] [11:  Refer to an inland wetland in Vietnam' Mekong Delta. Most of the wetlands are within Long An Province and Dong Thap Province] 

It is found that the maximun water levels in the Planin of Reeds have trended to decrease by 2020, however they will increase a litle bit in year 2030 and 2050 but the peak levels will be still lower than the present record. The mínimum water levels will be change irrigiularly;  if compared with the present level, they drop in year 2020, but raising in year 2030 and then, dropping again in year 2050. It may be due to the complexity of the hydrological regime in the area combined with the abnormal flow patterns both up-and-down flows.  It also may be a limitation of the model input conditions. Anyway, generally, the change of water levels are hardly to predict in small scales, especially the unpredictable of posible upstream hydropower dams operations. 
[bookmark: _Toc519181410]5. Coping strategies
[bookmark: _Toc519181411]5.1. Coping strategies for ecosystem
There are a number of adapting options have been recommended. Enhancing resilience to changes, the key is to maintain integrity of the ecosystems through restoring (i) Components (ii) Structure (iii) Processes of the ecosystem. It is very essential to continue implementing current ecosystem management measures promoted by WWF project in 2011 such as (1) Hydrology restoration; (2) Habitat restoration; (3) Alien species control; (4) formulation of Resource Users Groups. Additional measures should also be implemented such as (1) to lower ring dykes to facilitate more intakes of fish eggs and fingerlings from Mekong flood waters; (2) more flexibility in hydrology management released excessive water in the dry season caused by off-season rains.
In order to cope with drought and hydrological changes in the park, a number of measures have been induced including increase the connectivity of the canals; improve water drainage system and replanting forest trees. In recent years due to the dry conditions (drought and lower water level in Mekong River) aquatic habitat has degraded and therefore the numbers of fish have declined. The loss of income sources from traditional fishing as such using net and fishing practices, local people used more destructive methods as such electronic devices or explosive compound in order to exploit fish in the park. To protect the park from degradation due to human activities, other alternative livelihood measures have also been introduced to reduce illegal activities in the park and ensure the sustainable management of natural resources, such as Tram Chim National Park (TCNP) allows select impoverished families to enter the park from August - December, which partially overlaps with the Monsoon season (June – November), to fish and collect non-timber forest products (NTFPs). The list of approved resources that were accessible to struggling families include fisheries, grass, vegetables (e.g. water lily and morning glory), dead trees, and invasive species (e.g. mimosa and golden snails) that would improve livelihood of some families and reduce pressure to the biodiversity of the park due to illegal exploitation activities. 
In order to cope with lower water level in Mekong Delta, living check dams and better water gates should be built to better regulate the water level in the park. The past, some pilot project to restore hydrology was implemented such as a pilot restoration hydrology to mimic hydrologic rhythm of the plain of reeds through an Integrated Fire & Water Management Strategy (Figure 13), grassland recovered from 800 ha before 2006 to 2400 ha in 2008. 
[image: ]
[bookmark: _Toc519158977]Figure 13. Location of sluice gates built in Tram Chim national park 

[bookmark: _Toc519181412]5.2 Coping strategies for communities 
Income losses from farming activities and from harvesting NTFPs from TCNP have been compensated partly by some innovative livelihood options. For example, WWF helped retrain these individuals with other skills by providing 6 alternative livelihoods training modules below, hired trainers and purchased the tools, seeds and necessary equipment to train local people in one of 6 alternative livelihood modules: 
1. Mushroom growing;
2. Tree farming (Sesbania sesban);
3. Beekeeping;
4. Gourd, melon tree and bitter melon tree cultivation ; 
5. Making handicrafts from locally grown water hyacinth; and 
6. Water Lily growing (one kind of leafy vegetable).  
These training courses have provided initial skills for local communities living around the national park to have alternative livelihood activities to reduce the pressure to the park and to better coping with climate threats. There are 160 people attended the training courses but the demand are high and new livelihood models should be established in all villages in order to create a sufficient and sustainable supplies to the market.
Ecotourism has been introduced recently to provide other livelihood activities in the region to cope with changes, particularly to better uses of national park advantages. WWF Vietnam with the support from CoCa-CoLa Foundation supported Tram Chim to develop an eco-tourism development plan. The plan has proposed a number of sites, trails and services in the park, in which rowing boat and bird watching towers were also included (Figure 15). Number of tourists come to visit the park has increased dramatically recently, for example, in 2011 only 7,300 visitors, in 2016 there were 183,000 visitors came to Tram Chim (Table 13). 
[bookmark: _Toc519158992]Table 13. Number of visitors and contribution to the local economy[footnoteRef:12]   [12:  WWF, 2018. Final project report on Ecotourism Development and Sustainable Use of Tram Chim Wetlands for the Community and Biodiversity] 

	YEAR
	NUMBER OF VISITORS
	PERCENT INCREASE OVER 2011 BASELINE
	CONTRIBUTION TO THE  LOCAL ECONOMY
(USD)

	2011
	7,300
	-
	data not available

	2012
	15,600
	114%
	data not available

	2013
	26,000
	256%
	$110,000

	2014
	61,000
	736%
	$170,000

	2015
	130,000
	1,681%
	$223,000

	2016
	183,000
	2,407%
	$236,000

	2017*
	130,803*
	1,791%*
	$364,000*


[image: Proposed trails_Eng.jpg]
[bookmark: _Toc519158978]Figure 14. Map of proposed ecotourism sites, trails and services in Tram Chim national park by 2020 
In addition, pilot Resource Users Groups (RUGs) also established which shows increased income and less poaching, for example in 63 cases in 2009 to 6 cases in 2016. It means that RUG helps to reduce conflicts between the park and local communities. 
[bookmark: _Toc519181413]6. Interventions
[bookmark: _Toc519181414]6.1 Tram Chim National Park
	EbA intervention
	Extent of intervention
	Estimated cost (USD)[footnoteRef:13] [13:  The exchange rate: 1 USD is equivalent to VND 22,700 ] 


	Elimination and re-control of invasive species inside to park to increase the function of the ecosystem or Habitat restoration through removal of invasive species in all park zones (A1-A5)
	Target is to remove Mimosa pudica in 300 hectares of total 600 hectares occupied by Mimosa pudica in the park in order to improve the development of local vegetable species  Increase the landscape 
	The total cost is USD 500 x /hax300 hectares = USD 150,000

	Restore Melaleuca forest ecosystem naturally (200 hectares) 
	Survey, design and reforestation to increase function of the forest in regulating services. The restoration will be on A2 zones of the national park.
	Each hectares of restoration will cost about 1000 USD. The total cost is 1000$ x 200 ha =USD 200,000

	Restore 200 ha of Oryza rufipogon in the park to improve landscapes and to provide foods for birds as well as to conserve the biodiversity (indigenous genes).
	Survey, design and reforestation to increase function of grass/wild rice covers in regulating ecosystem services (providing foods for birds, biodiversity conservations) 
	The total cost is USD 500 x /hax 200 hectares = USD 100,000

	Restoration of 500 hectares of Eleocharis ochrostachys Steud in A1 
	Increase indigenous species to improve biodiversity and provides foods for birds as well as to reduce water evaporation  
	Each hectares of restoration will cost about 200 USD. The total cost is:  500 ha x 200 USD = 100,000 USD 

	Restoration of Eleocharis ochrostachys Steud in zones A1, A4 and A5 of the park 
	70 hectares of Eleocharis ochrostachys Steud will provide food for Sarus Crane and 
	Each hectares of restoration will cost about 200 USD: 70 ha x 200 = 14,00 USD  

	Restoration of other indigenous plants/grasses in 3 zones (A1, A2, A4 and A5).  
	Restore 70 hectares of Eleocharis dulcis A1; 70 hectares of Leersia hercandra. SW in A2; 20 hectares of Xyris indica L; 50 hectares of Eleocharis dulcis in A4 and 5 hectares of Utricularia punctata Wall in A5 to improve development of indigenous species in order to provide better food chains for fauna communities, particularly birds 
	225 hectares of indigenous grassland x 200 USD = 45,000 USD 

	Setting up the water monitoring system to support water management in the park in order to increase the ecosystem services of the region 
	The monitoring system install in 4 zones include A1, A2, A3 and A4 to monitor water quality and quantity in park in order to better regulate the water level. 
	Each zone installs one system which cost about 7,000 USD/each. The total cost is 4 x7,000 =28,000 USD 

	Provide fish eggs and fingerlings to increase fish communities in the park 
	Focus on core protected zone and other zones that allow fish catching activities (A4) in order to increase eco-tourism 
	5,000 USD per year x 3 year = 15,000 USD 

	Develop a climate action plan CAP) for the park and buffer zone 
	30,700 ha and 47,000 people benefited 
	30,000 USD 

	Total estimated cost
	USD 682,000


In the park, A4 and A5 have been planned to be ecological restoration areas, meanwhile the largest zone A1 will be the core protected areas. Phu Tho and Phu Thanh B communes are communities located close by the core protected zone (Figure 15). In order to promote ecological restoration area in A1 and A5, it requires carefully planning and a comprehensive intervention in hydrological and biological aspects. The role of local communities in restoration process should be taken into account as the future benefits of the restored areas will be shared by the communities in the regions. 
[image: ]Ecological restoration area (A2 +A4)
Ecological restoration area (A5)
Core protected area (A1)
--- Border line of the national park 

[bookmark: _Toc519158979]Figure 15. The project site and the national park 
[bookmark: _Toc519181415]6.2 Community or buffer zones (6 villages/communes)
It is essential to support local communities living around the national park to cope with climate threats and other challenges. Located in flat areas with canals interconnected and depends on the water level in the park. In order to increase climate resilience of communities around the national park, a number of interventions are proposed by on consultation with local leaders and communities (Table 14). 
[bookmark: _Toc519158993]Table 14. Interventions of communities in Tram Chim 
	Interventions
	Beneficiaries
	Estimated costs (USD)[footnoteRef:14] [14:  The exchange rate of May 2018, is 01 USD= 22,740 VND ] 


	Introduce smart agriculture practices, particularly rice + fish + lotus cultivation rotating model/system 
	12 models (2 models for each village) = 12 groups of farmers 
	2,000 USD per model: 12 x 2,000 = 24,000USD 

	Establish trial models for drought- resistance crops (For example, paddy rice) to cope with drought 
	3 families in each village in the project area are directly benefited from the intervention but thousands of farmers are also indirectly benefited. 
	Each trial model receives 1,000USD. Total cost 3 x5x 1,000USD  = 15,000 USD 

	Promote mushroom cultivation to cope with off-season rains 
	60 families (10 households in each villages) 
	Each family needs support of 500 USD from the project. Total: 60 x 500USD = 30,000 USD

	Establish organic home gardening which apply available mulching materials from the wetland to increase water availability cope with droughts as well with off-seasonal rains (Expanding the model initiated by WWF) 
	20 families in each village in the project areas 
	Each garden receives 500USD supports, total cost will be: 20 x5 x 500 = 50,000 USD 

	Develop handicraft village/groups to cope with climate threats and better utilisation of non-time forest products (water hyacinth or Eichhornia crassipes[footnoteRef:15]; lotus or Nelumbo nucifera).  [15:  Currently available inside the national park as well as in the surrounding villages. Some people concern on the sustainable use of this source of raw materials for handicraft may harm to the environment. However, it is a fact that many products have been made from water hyacinth or  Eichhornia crassipes in Tram Chim ] 

	6 handicraft villages/groups with  established with at least 10 members 
	Each groups needs support of 8,000 USD in 3 year. 6 x 8,000 = 48,000 USD

	Develop a co-management plan to use services of ecosystem provided by TCNP contributing sustainable uses of ecosystem services of the park. 
	6 villages/communes around the park 
	The management plan will be developed after a study: Total cost for the development process and first year operation will be: 50,000 USD 

	Improve connectivity of Phu Hiep and Phu Hiep – Phu Duc canals
	4,000 households in Phu Duc and Phu Hiep communes 
	20 km x 2,000 USD = 40,000  

	Improve connectivity of Phu Thanh 1,2,3 and Phu Thanh B- Phu Hiep canals  
	3,500 households in Phu Tho and Phu Thanh B communes
	20 km x 2,000 USD = 40,000  

	Integrated pest and disease management for farming crops in 6 villages/communes 
	9000 household in 6 villages in the project areas 
	50 training course x 1.500 USD = 75,000 USD 

	Establish natural resource user groups in Phu Thanh B + Phu Tho communes + Tram Chim town; and Phu Hiep+ Phu Duc communes (set up regulation, operation protocols, monitoring and evaluation,..) 
	· Fishing group
· Bee keeping group 
· Handicraft group
· Ecotourism group 
 
	4 groups, each group needs supports of 10,000 USD. Total cost will be 40,000 USD 

	Total 
	
	402,000 USD




Total cost for ecosystem and community adaptation will be: USD 682,000 + USD 402,000 = USD 1,084,000 
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