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1.      Introduction  

Southeast Asia is considered as a ‘hotspot’ for multiple geophysical, weather and climate-related 
disasters where environmental risks are exposing the region’s poor socio-economic conditions, 
critical infrastructures and fragile natural resources, forging regional and national vulnerabilities 
[1–3]. A 2019 study by the United Nations Economic and Social Commission for Asia and the 
Pacific (UN-ESCAP) [4] revealed the quadrupled Average Annual Losses (AAL) due to these 
disasters in the region in past two years, indicating intensification of complex and imminent risks 
and a ‘new climate reality’. In this chapter, we analysed the potential impacts of climate change in 
the Association of Southeast Asian Nations (ASEAN) countries to evaluate the implications on 
the region’s population, economy and environment. The analysis consists of reviewing and 
synthesizing relevant past and recent journal articles, technical reports, policy briefs, book 
chapters, and assessing contemporary initiatives on climate change adaptation (CCA). The chapter 
discussed the social and economic impacts of different disasters and climate change across the 
geographic region on several sectors such as water, environment, food security, livelihood, 
biodiversity and natural ecosystems, and development growth and plans. Collective efforts to 
address ASEAN’s response to these impacts with notable manoeuvres by different member states 
are sifted alongside relevant policy stocktaking on regional and national CCA and climate change 
mitigation (CCM) plans, programs and initiatives. The chapter provided further insights into the 
scenarios with relevant case studies from ASEAN and neighbouring countries to investigate 
potential opportunities for strategic plans and program development. Finally, the chapter draws a 
set of suggestions highlighting multi-sectoral approaches, regional strategies and programs on 
trans-boundary issues with proactive cooperation and innovative funding mechanisms towards 
developing adaptation actions for the ASEAN region. The chapter provides specific suggestions 
on locally-led adaptation actions (LLA) and nature based solutions (NbS) to meet the needs of 
those at the frontline to promote and ensure balanced socio-economic development and 
environmental sustainability in the ASEAN region. 
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2. Why Adaptation is Relevant for the Region 
 
The ASEAN is considered as one of the world’s most vulnerable regions due to its distinct 
economic, demographic, and social characteristics as well as unique geographic and climatic 
conditions. The region is already being impacted by climate change as evidenced by increasing 
temperature, changing rainfall patterns, rising sea level, and increasing frequency and intensity of 
extreme weather events such as heatwaves, droughts, floods, landslides, and tropical cyclones [5]. 
The mean temperature of Southeast Asia has increased at a rate of 0.1–0.3°C per decade and sea 
level has risen at 1–3 mm each year over the last 50 years or so [5]. The region also experienced a 
downward trend in precipitation rate during 1960–2000  [5]. The Intergovernmental Panel on 
Climate Change (IPCC) in 2007 projected that mean surface air temperature in Southeast Asia 
would increase between 1.32–2.01°C by 2069, and 1.96–3.77°C by 2100 [6]. On the other hand, 
precipitation in Southeast Asia is projected to decrease initially in the first half of the century under 
one of the IPCC scenarios (A1F1) and eventually increase by the end of the century, with 
substantial variation expected between March and May. The region’s temperatures may increase 
by 3°C–4°C and rainfall could rise by 40% by the end of the century. Recent climate projections 
suggest that the average summer temperature and water reduction may increase about 4.5°C 
(3.5°C–6.0°C) and 50% due to 4°C warming by 2100. The number of days in drought is also 
projected increase by 5% by the end of this century with a 77% potential increase in flood 
frequency in the region [7]. Sea levels are also projected to rise 40 cm in Southeast Asia by 2100 
[5].  
 
The impact of slow-onset events such as droughts are consistent and becoming predominant on 
the agriculture sector across the landscape [8,9]. The latest UN-ESCAP assessment (2019) 
indicates that agricultural drought caused 60% of the total losses, arising mostly from the various 
natural disasters ($86.5 billion)  in the region, while 22.5% and 14.3% are due to flood and cyclone 
respectively [9]. The agricultural drought directly affects the food security as a consequence of 
loss and disruption in the food production system, and decline the livelihood and well-being of the 
smallholder and marginal communities who rely solely on agriculture sector for employment. 
Consequently, the water and food security are threatened by droughts as about 25.9% of the 
regional GDP comes from the agricultural sector [8]. Teng et al. [10] reported that owing impacts 
of climate change and without adaptation rice production, North Eastern Thailand could lose up to 
22.9% rice yield by 2050 and in the Mekong delta, the decline is projected to be 6-12%. IPCC 
(2014) projections suggest that fish migration owing to rising temperature and ocean acidification 
will lead to 40-60% decline in fish catch by 2050 in Southeast Asian Tropics. Such impacts on the 
regions agriculture and natural resources are expected to jeopardise the region’s overall food 
security. 
 
In the Mekong region, flooding had restricted access to maintaining or alternative livelihoods and 
contributed to household debts (Dun et al. [13]). Rising salinity has also impacted rice cultivation 
in the Mekong delta. In the coastal Philippines, the livelihood damage occurred from typhoons are 
a significant determinant of vulnerability [11]. Climate change impacts coupled with 
environmental degradation from development activities, will likely to undermine the region’s 
progress. Insights on how upstream activities will be likely exacerbate the implications of climate 
change on the Mekong delta are discussed in Box 1. Loss of livelihood and intensified and frequent 
natural disasters will likely displace people, and lead to in-country and cross border migration in 
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the region, which may lead to other socio-economic impacts. For example: in rural Cambodia, the 
losses of crops owing to flooding, heatwaves and droughts forced many farmers to migrate and 
work in the country’s rising brick industry, entrapping themselves in debt bondage [15]. In addition 
to the loss of livelihood, rising sea levels might also be an essential driver of migration in the low-
lying parts of Southeast Asia. A recent study [12] reported that under the low emission scenario 
(RCP 2.6), Vietnam and Thailand would face high tide lines which are higher than land by 2100, 
where currently 26% and 17% of their population lives, respectively. The study also indicated that 
under high emission scenario (RCP 8.5) roughly one-third of Vietnam’s population could be 
permanently falling below the high tide line. 
 
It is projected that climate change could hinder sustainable development and poverty reduction 
efforts across ASEAN. While the impacts of climate change on economic growth will be 
heterogeneous among the member states and social groups, countries like Indonesia, the 
Philippines, Thailand, and Vietnam are predicted to suffer a loss equivalent to more than 6% of 
GDP annually by 2100, more than double similar estimates for the global average. Climate change 
is already worsening water shortages; limiting agricultural production and threatening food 
security; and causing forest fires, coastal degradation, loss of biodiversity and greater health risks 
associated with heatwaves and infectious diseases in several member states. Furthermore, the 
projected sea-level rise entails problems of increased coastal flooding, permanent inundation and 
salinity intrusion for many of the region’s populous and economically key coastal and estuarine 
cities, including Bangkok, Ho Chi Min, Jakarta, Manila, and Yangon [12,13]. It has been reported 
that out of the world’s 25 cities most vulnerable to a 1-meter of sea level rise (SLR), as many as 
19 are located in the Asia-Pacific region [12].  
 
Furthermore, the combined impacts of natural disaster and climate change broadly vary across the 
ASEAN member states. Consequently, hazards and priority also differ within the region. For 
example, Malaysia and Singapore, are less vulnerable to natural hazards due to their geographical 
location and Brunei Darussalam are mostly concerned with infrequent flooding and landslides. On 
the contrary, flooding is the most significant natural hazard to Indonesia. In contrast, Vietnam’s 
vulnerability to Typhoons and flooding is increased with SLR. Cambodia and Thailand are highly 
vulnerable to climate-related hazards such as heavy rainfall, monsoon flooding alongside 
Philippine, which are also vulnerable to typhoons. Myanmar and Lao PDR also suffer due to 
weather extremes such as increased rainfall and temperature with cyclones and landslides, 
respectively [14–17]. Overall, impacts and costs of natural disasters and climate change are 
becoming substantial on the population, economy and environment of the ASEAN region. For 
example, the estimated AAL from weather and climate-related events have quadrupled in since 
2017, and it constitutes about 3.1% of the regional GDP which is higher than the average in the 
Asia-Pacific region [4,9]. The costs of the twin effects of disaster and climate change are increasing 
due to the consistent growth of economic and infrastructure development and rapid urbanization. 
Consequently, climate change impacts would reinforce poverty and income inequality in the 
ASEAN region, and undermine individual and collective efforts of the member states towards 
sustainable development [4]. ASEAN thus needs to take urgent action to adapt to the ongoing and 
projected climate change and build resilience to sustain developmental progress and lower the 
social and economic costs of the unavoidable impacts of already locked in emissions (ADB 2009). 
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BOX 1. Implications of Development Activities and Climate Change on the Mekong Delta 
 
 
The Mekong Delta is one of the most agriculturally productive areas in the world. It has special 
significance on regional and global food security. The delta is also one of the most vulnerable 
regions in the world owing to combined impacts of upstream development activities in the Mekong 
basin and SLR, increased frequency of extreme climatic events, salinity intrusion [18–21].  
 
The hydrological regime of the Mekong basin in the past thirty years has been considerably altered 
by hydropower dams, sea-dykes, irrigation, drainage and transportation-related economic 
activities [19–21]. These activities, upstream dams, in particular, have reduced the 
sediment/nutrient flow to the downstream areas, and severely affected fish productivity and 
biodiversity [18,22]. It is projected that 100 cm of SLR could inundate 38.9% of the Vietnamese 
Mekong Delta [23]. The region will be likely to be warmer in the future with longer and drier 
summers and wetter rainy seasons [23]. Land subsidence resulting from economic and developing 
activities can exacerbate the impacts of SLR on the Delta [19].  
 
Collective influences of the above factors can result in increased salinity in large part of the 
Mekong delta, especially during the dry season (October-May) [20,21,24,25]. Also, climate 
change induced rainfall variability in the upstream Mekong region may affect the flood regime of 
the downstream areas by changing water availability and water flows. The El-Nino induced 
drought and increased salt intrusion during 2015-2016 dry season in the Mekong Delta resulted 
in the loss of income for two million people due to inadequate agricultural production and 
shortages in drinking and domestic water [25]. Rice yield in the delta could decline by 2.5 tons to 
4 tons per hectare (or 18 to 30 per cent loss of total output) under different salinity intrusion 
projections[26,27].  
 
It has been projected that due to climate change in the Mekong Delta 90% of the agricultural land 
will be affected by flooding and 70% by salinity intrusion [28]. Impacts of climatic shocks such as 
flooding, salinity intrusion and drought coupled with decreased sediment/nutrient flows due to 
upstream development activities will likely disrupt the traditional agricultural practices in the 
region. Shifting to aquaculture (shrimp farming or rice-shrimp) has been suggested as an 
adaptation strategy for the region. However, the experience of shrimp farming in Bangladesh and 
Thailand suggest that industrial scale of shrimp farming can have a negative impact on local 
ecosystem and benefits can primarily go to the wealthy farmers at the expense of marginal groups. 
As such strategies should be carefully considered so that ecosystems are not negatively impacted, 
and marginal and smallholder farmers are not disproportionately impacted due to such changes 
in agricultural practices. Impact on agriculture and livelihood due to climate change in the region 
will, in turn, contribute to migration from the region. A study indicated that climate change was 
nearly forcing about 24,000 people to leave the region per year and concluded that even this 
number is probably an underestimation given the rising and complex interaction of climate change 
with poverty in the region [29].  
 
 
 
 



5 

3. Responses to Disaster Management and State of Disaster Risk Reduction and Climate 
Change Adaptation in the ASEAN Region 
 
From its inception, ASEAN has acknowledged the negative impacts of disasters on development 
and addressed disaster management in its objectives and principles [30,31]. The ASEAN Expert 
Group on Disaster Management (AEGDM) meetings led the member states to monitor their 
disaster management programs and projects regularly and to set up the ASEAN Committee on 
Disaster Management (ACDM) in 2003. The ACDM was mandated to coordinate and compliment 
all regional disaster management activities such as prevention, preparedness, response, recovery 
and mitigation efforts to safeguard communities and sustain regional development [31]. The 
regional cooperation on disaster management was reinforced further with the establishment of the 
ASEAN Ministerial Meeting on Disaster Management (AMMDC) and ASEAN Regional Program 
on Disaster Management (ARPDM) in 2005. The initiation of the ASEAN Agreement on Disaster 
Management and Emergency Response (AADMER) in 2005 (effective from 2009) is the notable 
landmark to reduce disaster risk and vulnerability in the region. AADMER established the regional 
Disaster Management and Emergency Relief Fund, standard operating procedures and disaster 
monitoring and early warning systems, and offered training to the member states’ Emergency 
Rapid Assessment Team [30]. The agreement also initiated the role of non-Government actors 
such as AADMER Partnership Group (APG), a consortium of seven international NGOs, to 
strengthen community engagement, and was supported by global actors such as United Nations 
International Strategy for Disaster Reduction (UNISDR), World Bank, and other international 
partners which is also a commitment to the Hyogo Framework for Action 2005-2015 (HFA) for 
capacitating the states to develop disaster-proof development roadmap [15,30–32].  
 
In 2016, the ASEAN Declaration on “One ASEAN One Response” envisioned to strengthen 
regional, national and local level institutional communication and cooperation to enhance 
emergency response systems; mobilize finance and resources from traditional and non-traditional 
sources to increase disaster risk reduction funding; and form strategic partnerships between public, 
private and community-level organizations to respond to disasters robustly and comprehensively 
in the region for the next ten years [33].  It also highlighted the importance of local knowledge in 
disaster management. It encouraged to build a regional open source for the big database to support 
emergency response and effective early warning systems which are emphasized in ASEAN’s 
commitment to the Sendai Framework for Disaster Risk Reduction (2015-2030) global agreement 
[34].   
 
Recognizing the vulnerability of several member states as well the potential economic, ecological, 
socio-cultural impacts of natural disasters and climate change, ASEAN has also emphasized on 
regional and international cooperation to address climate change, both for mitigation and 
adaptation. While ASEAN addressed climate change as a critical issue as an organization in 
multiple statements and declarations since 2007, The ASEAN vision 2025 is the first 
organizational attempt to address CCA and CCM alongside disaster risk reduction [16,17,35–37]. 
The member states, compared to other Asian sub-regions, are relatively advanced on regional 
cooperation which extends to a variety of issues, particularly on trans-boundary pollution and 
water resource management. This section highlights several vital regional initiatives towards 
adapting to climate change and addresses the gaps in regional cooperation to underpin the need for 
more coherent and comprehensive regional CCA strategies.  
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All ASEAN member states ratified the United Nations Framework Convention on Climate Change 
(UNFCCC) [36,38]. The member states have also ratified the Paris Agreement [39]. As of June 
2020, except for Brunei, others have ratified their INDCs [38]. These existing commitments to 
international climate policies have provided a good foundation for regional initiatives towards 
CCA.  However, ASEAN, as a regional entity, began to pay serious attention to climate change 
and sustainable development at the 13th ASEAN Summit held in Singapore in November 2007 
[40]. Additionally, ASEAN member states have the different formulation of national policies and 
strategies for CCA depending on their economic and development situation. For example, 
Cambodia, Lao PDR, and Myanmar – the three least developed countries (LDCs)  in the region 
received assistance from the Least Developed Countries Fund (LDCF) to prepare and implement 
their National Adaptation Programmes of Action (NAPAs) [41]. Among the non-LDC Southeast 
Asian countries, Indonesia and Thailand have dedicated CCA policies. In contrast, the other 
member states countries have incorporated CCA in either their sectoral plans or their broader 
climate change strategies. Nevertheless, all member states are required to formulate and implement 
national adaptation plans (NAPs) under the Cancun Adaptation Framework (CAF) of UNFCCC 
to identify medium- and long-term adaptation needs as well as to develop and implement strategies 
and programmes to address those needs [42].  
 
Collectively member states have also recognized the importance of addressing DRR and CCA in 
an integrated manner and have put in several regional mechanisms to address climate change 
impacts and enhance regional resilience. 
 

� ASEAN cooperation on climate change is guided by the ASEAN Socio-Cultural 
Community (ASCC) Blueprint, which identifies several priority actions to respond to 
climate change and to address its impacts. The initial implementation period for the 
Blueprint was 2009-2015, and following its initial success, ASEAN has released a revised 
ASCC Blueprint 2025. The priority activities include i) encouraging a shared 
understanding of and joint action on climate change issues; ii) developing an ASEAN 
Climate Change Initiative (ACCI) to implemented by the ASEAN Working Group on 
Climate Change (AWGCC); iii) deploying and transferring adaptation measures; iv) 
enhancing regional capacities for adaptation, and creating public awareness to address 
climate change impacts for an economically vibrant and environmentally friendly ASEAN 
region. 
 

� ‘The ASEAN 2025: ‘Forging Ahead Together’ released in November 2015 is the first 
organizational attempt to envision and address CCA and CCM alongside DRR 
[16,17,35,37]. The ASCC Blueprint 2025 along with the ASEAN Community Vision 2025, 
the ASEAN Political-Security Community Blueprint 2025, and the ASEAN Economic 
Community Blueprint 2025 constitute the ASEAN 2025: Forging Ahead Together [43]. 
 

� ASEAN Agreement on Disaster Management and Emergency Response (AADMER) is a 
legally binding agreement that serves as a regional policy backbone for disaster 
management. The ASEAN Committee on Disaster Management (ACDM) oversights the 
implementation of the Work Programme. AADMER has directly contributed to the 
building of ASEAN Community, and the enhancement of DRR and CCA of the peoples 
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and communities in ASEAN. The new AADMER Work Programme 2016-2020 is 
envisioned to contribute to the realisation of ASEAN 2025. One of the eight priorities of 
the 2016-2020 programme focuses on “advancing ASEAN Community that is safe, 
resilient to disasters, and adaptive to climate change, with youth and good governance at 
the centre” [44]. 

 
� The Southeast Asia Disaster Risk Insurance Facility (SEADRIF) [45] facility established 

in 2018 and Phase 2 of the ASEAN Disaster Risk Financing and Insurance (ADRFI) Plan 
launched in 2019, intended to strengthen financial resilience of ASEAN member states 
against climate and disaster risks through improved disaster risk assessment and providing 
financing and insurance solutions. 
 

� The ASEAN Multi‐sectoral Framework on Climate Change and Food sector (AFCC) was 
established in 2009. The framework focuses on the agriculture, forestry, livestock and 
fisheries sectors to pursue a cross-sectoral programme to enhance food security through 
sustainable and efficient use of land and water resources by minimizing both the impacts 
of and the contributions to climate change. 
 

� The Mekong River Commission (MRC) was established in 1995 on the cooperation for the 
Sustainable Development of the Mekong River Basin. Although not included in its original 
mandate, MRC has undertaken several initiatives to understand and address the 
implications of climate change on the Mekong River Basin. The commission has been 
streamlining communication, sharing river basin data, flood early warning and forecasting 
among the member states, and working towards strengthening livelihoods in the basin. 
 

 
The initiatives mentioned above suggest that ASEAN has made significant progress in putting in 
place broader framework agreements among the member states, owing to differing national 
priorities and interests on climate change issues. In addition to developing strong regional policies 
and proficient legal regime, challenges remain to inform, capacitate and empower individual, 
institutional, community; to assess regional risks and vulnerability; to foster cooperation on trans-
boundary river basin, climate and energy issues and; to secure and allocate innovative funding 
schemes and affordable technologies to establish synergies between DRR, CCA and CCM 
[35,37,46–51]. In a joint ASEAN statement released prior to COP25, member states, therefore, 
reaffirmed their commitment to the Paris Agreement and continuing efforts to promote 
collaboration with ASEAN dialogue, sectoral dialogue, development partners and other external 
parties to enhance climate action in the ASEAN region. 
 
4.  Adaptation Technologies 
 
Adaptation given its spatial and temporal nature is inherently challenging and complex. Strategies 
and approaches to adapting to climate change also mean dealing with larger uncertainty. Thus, it 
is crucial to select no-regret strategies that yield benefits even in the absence of predicted/projected 
climate change. To do so, in addition to funding, institutional capacity, coordination among 
individual and institutional actions, adaptation will also require technical know-how. Although 
most adaptation measures involve some form of technology or technique, it is challenging to define 
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technologies for adaptation as many technologies suitable for adaptation have been used for 
generations to manage risks or achieve broader development goals. The UNFCCC (2005) defines 
adaptation technology as “the application of technology in order to reduce the vulnerability, or 
enhance the resilience, of a natural or human system to the impacts of climate change.” 
 
Technologies for adaptation have been categorized as ‘hard technologies’ such as dikes and 
floodwalls, and other infrastructure investments, and ‘soft technologies’ such as practices, 
management strategies and behavioural patterns. Technologies for adaptation has also been 
categorized as hardware, software, and orgware, where “hardware” refers to hard technologies 
such as capital goods or seed varieties, “software” refers to processes, knowledge and skills in the 
use of the technology, and “orgware” relates to ownership and institutional arrangements where 
technologies will be used [52]. Table 1 provides examples of technology types for different sectors 
according to the later classification (Christiansen et al. 2011) [52].   
 
Table 1. Examples of Adaptation Technology types for Different Sectors (Christiansen et al. 2011) 
 
Sector/Technology 
type  

Hardware  Software  Orgware  

Agriculture  Selection of crop or 
crop variety 

Farming practices, 
research on new 
varieties  

Local institutions  

Water resources and 
hydrology  

Ponds, wells, 
reservoirs, rainwater 
harvesting  

Increase in water use 
efficiency and 
recycling  

Water user 
associations, water 
pricing  

Coastal zones  Dykes, seawalls, tidal 
barriers, breakwaters  

Development 
planning in exposed 
areas  

Building codes, early 
warning systems, 
insurance  

Health  Vector control, 
vaccination, 
improved water 
treatment and 
sanitation  

Urban planning, 
health and hygiene 
education  

Health legislation  

Infrastructure  Climate proofing of 
buildings, roads and 
bridges  

Knowledge and 
know-how  

Building codes and 
standards  

  
It has been argued that a successful adaptation strategy would involve different types of 
technologies ([53] [54]. For example: in Kokhok Karm sub-district of Samut Sakhon province in 
Thailand, indigenous knowledge of local villagers prompted authorities to take a project to use 
bamboo fences to reduce wave forces to protect planted mangroves. The technical and indigenous 
knowledge, in this case, is an example of a software used to adapt to coastal erosion [55]. In 
addition to the planted mangroves, the bamboo fences themselves also trap sediment and allow 
mussels to grow, thereby support coastal restoration and can be termed as hardware. Similarly, the 
Community-Based Adaptation to Climate Change through Coastal Afforestation Project in 
Bangladesh applied an array intervention to boost the resilience of the target coastal communities. 
The interventions included hard (e.g. mangrove green belt, building pond and dykes for fruit and 
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fish farming) as well as soft (awareness-raising of communities, introducing innovative farming 
and income generation technique, and by strengthening institutional capacity through training 
programs) approaches to reduce the vulnerability of target coastal communities [56]. 
 
 
As regards to adaptation technology and adaptation strategies, in recent years, nature-based 
solutions (NbS) have been garnering attention to address the impacts of climate change, 
environmental and societal challenges [57,58]. As of now, 104 countries have acknowledged NbS 
as an adaptation component in the Nationally Determined Contributions (NDCs) and 
recommended to rigorous actions on prioritizing ecosystems and ecosystem based adaptation 
strategies, developing funding mechanisms to support NbS for both CCA and CCM as well as to 
facilitate biodiversity conservation and sustainable development [57,59]. However, there are needs 
for further research to evaluate the efficacy of NbS for addressing CCA and their economic impacts 
for supporting sustainable development. It also requires involvement and collaboration among 
relevant stakeholders, policymaker, researchers and practitioners to drive solution based research, 
and developing robust and transparent funding and governance mechanism for successful 
implementation of NbS [57,58,60,61].  
 
Several recent studies have quantified how different natural habitats in the coastal areas can 
provide flood protection benefits to properties and communities from extreme events and SLR in 
different spatial and temporal scales [62–65]. For example, Menéndez et al. suggested that 
annually mangroves reduce the flood impacts for 613,500 people and avoid about 1 billion USD 
properties damage in Philippine [65] while the number of people and land protected by mangroves 
(7.02 million and 3,120 km2) from flooding is highest and second highest for Vietnam in the world 
[64]. In Vietnam, the benefits of mangrove restoration measured in terms of timber, fish, honey, 
and avoided sea-dike maintenance outweighed the estimated economic costs as planting and 
thinning costs by a ratio of roughly 5 to 1 [66]. A comparative accounting of the benefits including 
coastal protection, wood products, and fisheries habitat of preserving mangroves versus converting 
them to shrimp farms in Thailand showed that the optimal economic gain resulted from allowing 
up to 20% of the mangrove forest to be restored. The remaining 80% or more to be preserved [67]. 
In this example, the largest economic benefits of protecting the mangroves were from increased 
coastal protection. 
 
While studies suggest that the economic benefits of ecosystem based adaptation and 
implementation of NbS activities are higher in the developed countries [57,62–64], developing 
and low-income countries need meticulous scientific and economic analysis and estimates to apply 
natural solutions to address DRR, CCA and sustainable development. In the Philippine, economic 
estimates of critical ecosystems and their services to the community can assist the Government to 
locate and invest in potential mangrove conservation and restoration, and incorporate these 
ecosystem services in their system of national accounts [65]. On the other hand, ecosystem 
rehabilitation and management can be strengthened in the Philippines and Myanmar through 
science and community based approach with successful collaboration of academic, Government 
and non-Government institutions [68]. In addition to facilitating private sector partnership and 
investment on ecosystem restoration and management, robust institutional approaches and policy 
instrumentation to solidify community engagements and expansion of marine protected areas can 
enhance ecosystem based adaptation in the ASEAN region [69]. Vigorous environmental and 



10 

social impact assessments on both top-down and bottom-up approach of ecosystem based 
adaptation initiatives can also ensure the inclusion of critical services and provisions in effective 
CCA mechanisms [70].  Good policies, planning, and institutions are essential to ensure that more 
capital-intensive measures are used in the right circumstances and yield the expected benefits. 
Given the uncertainty of future projections and the diverse context within the ASEAN member 
states, choosing one size fits for all type of interventions would not be prudent. Policymakers must 
be aware that different measures may trade-off with each other. Due consideration to different 
types of adaptation technologies, strategies or their combinations appropriate to address local 
vulnerabilities and needs will offer flexibility to adapt to future uncertainties. 

5. Learning from the Member States and Regional Neighbours 

ASEAN, as a regional entity, can adapt several lessons, practices and initiatives from its member 
states to address DRR and climate change. Firstly, it can formulate a distinct funding mechanism 
and set up a separate fund to implement regional plans and programs for CCA; similar to the 
Philippines’ the People’s Survival Fund and Indonesia’s Climate Change Trust Fund or 
Cambodia’s Climate Change Alliance Trust Fund [47,71]. The Philippine focused on food, water 
and energy security and environmental resources, biodiversity and health sectors to tackle the 
impacts of climate change and finance the adaptation programs through the People’s Survival 
Fund. At the same time, Indonesia prioritized on their food and energy security, economic, 
ecosystem and livelihood resilience and Cambodia integrated biodiversity, ecosystem, and gender 
issues alongside their key emphasis on food, water and energy sectors [16]. While these national 
funding mechanisms are mostly dictated by each countries national climate adaptation and 
development plans, ASEAN can invest the proposed standalone fund on to enhance regional food, 
water and energy security with special attention on the smallholders (below 2 hectares of farmland 
managed by household labour) who play the central role in the region’s agriculture that constitutes 
more than 10% of the GDPs of the majority of the member states. ASEAN can also pursue 
Vietnam’s strategy on developing a National Target Program to Respond to Climate Change (NTP-
RCC) and establish realistic programs to address regional CCA and CCM initiatives through 
cooperation among member states Governments [47]. As per Malaysia’s National Platform and 
Action Plan on Disaster Risk Reduction (myDRR), ASEAN can ensure collaboration from non-
Governmental and international agencies, private sector and academia by launching regional 
platforms, action plans and forums [17]. While the regional disaster responses are coordinated by 
the ASEAN Coordinating Centre for Humanitarian Assistance on disaster management (AHA 
Centre), finally, ASEAN can establish its Climate Change centre to systematize, support and 
monitor multi-sectoral initiatives to CCA and CCM [16,47,48]. 

As the increasing losses and damages from natural disasters and the impacts of climate change on 
food production and security is evident in the region, ASEAN can also take initiatives from 
neighbouring countries with similar effects into consideration. For example, Bangladesh is an LDC 
where more than 75% of the population (around 131 million people [72]) are exposed to multi-
hazards due to floods, storms, and drought with about USD 20 billion USD of estimated average 
annual loss [14]. Climate change is expected to affect crop production, food security (overall 27% 
and 61% reduction in rice and wheat production in RCP 4.5 [73], infrastructure, and livelihood 
(245% and 227% increase in affected population and economic loss for 1.5 degree rise in 
temperature [14]). Recent cooperation between Vietnam and Bangladesh, facilitated by the 
International Union for Conservation of Nature (IUCN), exemplifies how knowledge and 
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technology transfer from regional neighbours can contribute to innovative adaptation techniques 
[74]. Farmers in Vietnam were introduced to a traditional floating agricultural system in 
Bangladesh, where farmers in flood affected areas have been using water hyacinth to prepare 
agricultural beds for crop production. Consequently, Vietnam’s farmers are exploring available 
materials such as banana stalks, bamboo and water hyacinth to develop their own cost-effective 
flood-based agriculture system. While there are challenges in adapting floating farming, the 
technology transfer has strengthened evidence based knowledge transfer through training and pilot 
demonstration and facilitated the opportunity to explore further implementation through research 
on investigating the efficacy of production in floating beds.  

Furthermore, there is an opportunity for learning from regional neighbours on relevant policy 
instrumentations to address DRR and CCA through short term and long term plan and programs. 
For example, Bangladesh has developed national programs to cope with the climate change and 
extreme events focusing on participatory approach (NAPA, 2005 [75]); highlighted knowledge 
and technology transfer, low carbon development and mitigation efforts, mobilizing and provision 
of adaptation funding (BCCSAP, 2009 [76]), mandated the legal responsibilities and 
accountabilities of the disaster and emergency management agencies (DMA, 2012 [77]), integrated 
gender, dynamic information and knowledge dissemination, capacitating local Government 
agencies (NPDM, 2010-2015 [78]), addressed and linked urbanization, sustainable development 
and climate change (NPDM, 2016-2020 [79]) for the integration of climate change and disaster 
risk reduction. For CCA and CCM, integrated floodplain and participatory water management, 
sustainable growth in energy, transport, agricultural and fishery sectors, ecosystem-and 
community-based adaptation and conservation are explicitly emphasized in the national 
development plans [80,81] and Intended Nationally Determined Contributions (INDC) [82]. 
Finally, Bangladesh has been giving specific attention to ecosystem oriented adaption approaches 
and NbS for protecting the coastal zone and enhancing community resilience by combining 
traditional practices and scientific knowledge [4,83–89] 

In addition to developing several key DRR and CCA plans and policies, Bangladesh made notable 
progress in reducing disaster risk through proactive disaster management initiatives [90] and 
responding to CCA using ecosystem based approaches [47]. Specific examples are given in Box 
2.  

Box 2. Specific Initiatives by Bangladesh to address DRR and CCA 
 
A) Bangladesh’s experience and response to disaster management  
Bangladesh, similar to multiple ASEAN member states, has a low lying coastline and a high 
population density. Historically as a disaster-prone country, Bangladesh has managed to achieve 
dramatic success in DRR, in particular reducing the impacts of cyclone disasters. Over the past 
20 years, the country has achieved nearly 100-fold reduction in cyclone related deaths and injuries 
[91]. Such dramatic transformation and enhanced resilience of the country’s disaster management 
system was possible owing to multiple integrated initiatives taken by the Government, non-
Government and community based organisations. The country’s disaster management system was 
restructured in the early 90’s from a conventional response and relief scheme to a more 
comprehensive risk reduction culture, comprising preparedness, response, recovery, 
rehabilitation and mitigation. Establishment of a dedicated Storm Warning Centre, integrated 
emergency response by developing Cyclone Preparedness Program, community based 
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communication and early evacuation plans, and building Multi-Purpose cyclone shelter were the 
key efforts to address and reorganize DRR in the country. Additionally, for longer-term adaptation 
to rising sea levels, coastal embankments are constructed, and large scale afforestation projects 
are implemented along the coastline [90–95]. The combination of these measures has reduced the 
cyclone induced casualty from 300,000 and 138,882 in 1970 and 1991, respectively to 4234 in the 
storm event in 2007 [91,94].  
 
The disaster management system is aptly supported by the policy mentioned above, framework and 
institutional commitment from the Government. Recognising that disaster management cannot be 
the work of a central agency only, the Government has mainstreamed it to ensure participation of 
departments and institutions from the cabinet to the village level [96]. Also, to structural solutions 
such as building cyclone shelters or effective early warning system, Government has focused on 
nature-based interventions such as restoring mangroves to protect the coastal communities 
[84,89]. In addition, the Government engages with the community members, private sector, and 
civil society in risk preparedness, disaster relief, enhancing the capacity of the local communities, 
and empowering women and other marginal groups vulnerable to cyclone disasters. 
 
B) Ecosystem based approach to address CCA and food security 
Hilsa (Tenulosa ilisha) is the national fish in Bangladesh which comprises the largest single-
species fishery contributing 11% of the total fish production in country and yields to 1% of the 
country’s GDP (worth US$ 4 billion). It offers direct and indirect employment opportunity to about 
3 million people. In comparison, about 250 million people depend on Hilsa fish for nutrition [97]. 
To address the gradual decline in Hilsa fish catch since 1970, the Bangladesh Government 
operationalized Hilsa Fishery Management Action Plan (HFMAP) in 2005 and initiated ecosystem 
oriented approaches to conserve and sustainably manage the fish resources [98].  
 
The incentive-based initiatives include the restriction on fishing areas, seasons and catch, 
regulation on fishing instruments, compensations for affected fishermen, raising awareness and 
support through community engagement and mass media [97–99]. In addition to improving the 
fish health and biodiversity, these programs increased fish production annually by 11% and 52% 
increase in the fishermen’s household income [100]. It also fostered household resilience and co-
management of fish resources through offering finance schemes to women for alternate livelihood 
practices such as livestock farming and small business (tailoring and grocery, etc.). These 
initiatives have reduced livelihood stress and shocks and enhanced the resilience of the fishing 
communities that are vulnerable to natural disasters and the impacts of climate change. The 
outcomes also contributed towards country’s effort to address several sustainable development 
goals (SDG) such as SDG 14 (Conserve and sustainably use the oceans, seas and marine 
resources), SDG 1 (end poverty), SDG 3 (ensure healthy lives and promote well-being) and SDG 
5 (achieve gender equality and empower all women and girls) [100].  
 

6. Linking Adaptation with Mitigation and Sustainable Development 

Historically mitigation and adaptation have been treated separately in both science and policy. 
However, both mitigation and adaptation are essential for managing current and future climate 
risks. Since adaptation interventions are typically synonymous with development, strategies that 
link adaptation with mitigation will not only promote sustainable development but also will 
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facilitate ASEAN member states to reduce their emission portfolio. At the same time, 
policymakers must also be aware that some adaptation actions may increase GHG emissions. Table 
2 lists some adaptation sectors and relevant activities which can offer mitigation co-benefits and 
trade-offs [101].   

Table 2. Potential Co-benefits and trade-offs of various adaptation activities (DFID, [101]) 

Adaptation Sector Potential mitigation co-benefits or trade-off 

Agriculture 
Increased use of fertilizers to counteract declining yields can lead to 
higher agricultural emissions (trade-off) 

Increased use of irrigation and water pumping infrastructure can increase 
energy demand (trade-off) 

The use of drought and pest resistant seeds, or implementation of organic 
farming methods may require lower levels of fertilizer inputs, resulting 
in higher productivity and lower net emissions per unit output from 
agriculture 

Technologies such as zero tillage farming, alternative wetting-drying 
method for rice farming can save water and diesel for irrigation  

Disaster risk 
reduction 

Efforts may be undertaken to stabilize degraded soils at risk of landslide 
and erosion through reforestation programs that can sequester carbon 

Sustainable 
Forestry and 
Ecosystem 
services 

Improved forest management and protection, and the development of 
sustainable ecosystem services can result in avoided deforestation or 
reforestation.  
 
The negative emissions of unsustainable use of wood and charcoal for 
fuel and cooking can be mitigated through avoided deforestation.  
 
The planting of trees in urban areas can result in carbon sequestration as 
well as reducing urban heat stress. In this case, adaptation does not have 
immediate benefits as the trees must grow to produce shade. 

Agriculture is one such important sector which can contribute to both adaptations as well as reduce 
emissions. Efficient use of water and nutrients, climate resilient seed varieties, soil and residue 
management, tillage and agroforestry among some of the practices that not only allow higher 
agricultural production but also are inherently low-carbon approaches. Indonesia has set an 
economy-wide emissions reduction target of 20% [102]. Adapting to the impacts as well as 
meeting this GHG mitigation target pose a dual challenge for the country. The agriculture sector 
has been an area of focus for adaptation in this country. Hence, identifying and implementing 
synergistic strategies and technologies could provide a win-win opportunity for Indonesia [102].  
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Additionally, NbS has the potentials to provide cost-effective mitigation measures against the 
long-term effects of climate change. For example, conservation of natural lands such as mangroves 
and forests can contribute up to a 37% of mitigation efforts to maintain the global warming less 
than 2°C by 2030 which may approximately cost below USD 100 / tonnes of CO2 [103,104]. In 
addition to offsetting the emissions by fossil fuels, NbS can also contribute to mitigating heat, air 
pollution, enhance health benefits in urban areas and reduce inland flooding and coastal erosion 
[58]. Recognising the potential of NbS, 27 countries have also addressed ecosystem and nature 
based approaches in the NDCs to mitigate the impacts of climate change [57]. Among the ASEAN 
states, Vietnam committed to improving carbon sequestration and ecosystem services through 
sustainable development and management of their national forests [105]. The country’s $US 9 
million investment on 9,000 hectares of mangroves restoration by 2010 has already avoided $US 
15 million damages to private and public properties and decreased coastal damage with coastal 
dikes by $US 80,000 [106]. Stakeholders’ perception of NbS for addressing CCM is also enriching 
through mainstreaming climate change at the grassroots level. For example, smallholder farmers 
in the Philippines also acknowledge the importance of ecosystem based agro-forestry for CCM 
and their co-benefit to adaptation [107]. While other member states and ASEAN can take proactive 
plans to utilize ecosystem oriented NbS to mitigate the impacts of climate change, further research 
can address the complex ecosystem components, processes and their responses to human 
interventions and potential environmental changes in local, national and regional scale for 
designing effective NbS programs [61]. In addition to robust monitoring, evaluation schemes and 
policy framework for both short and long terms assessments, the inclusion of adaptation co-
benefits, co-management through proactive community participation and setting strong targets 
through management and protection of natural ecosystems can solidify and scale up NbS programs 
in the region [58,59,61,105].  

Typically, adaptation is a priority in vulnerable and developing countries. Linking adaptation to 
mitigation might render mitigation options more lucrative to policymakers in member states. A 
better understanding of the benefits of mitigation for a country where the immediate priority is 
adaptation can improve member states’ institutional receptivity for hosting CDM projects, 
strengthening the capacity to implement mitigation projects and enable members to access 
international mitigation funding and achieve adaptation and sustainable development targets 
simultaneously. 

7.  Way Forward 

ASEAN region remains highly vulnerable to the predicted impacts of climate change, and it is 
critical that effective adaptation actions are undertaken immediately, as further delay will 
exacerbate the risks and result in higher adaptation costs. Adaptation efforts in the region as yet 
have primarily been reactive as opposed to proactive, autonomous than planned, and developed to 
address climate variability rather than climate change. The current level of adaptation is probably 
inadequate to cope with the future challenge of climate change. As such ASEAN should scale up 
its CCA efforts in a holistic, cost-effective, and systematic manner to achieve climate resilience in 
the region. Strengthening adaptation efforts requires mainstreaming CCA into development 
planning. This means that adaptation must be considered as an integral part of ASEAN and its 
member state’s sustainable development and poverty reduction strategies. Given the current state 
of adaptation in the region and based on the synthesis of the relevant literature compiled herein, 
we recommend the following strategies for the ASEAN Secretariat and the member states: 
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● Facilitate balanced socio-economic development and environmental sustainability 

Consider adaptation and resilience building as integral to sustainable development and poverty 
reduction strategies 
The ASEAN 2025: Forging Ahead Together vision document stresses “to promote and ensure 
balanced social development and sustainable environment that meets the needs of the peoples at 
all times.” Adaptation and resilience building as such should be considered as an integral part of 
regional and national sustainable development and poverty reduction strategies and be in line with 
the legally binding ASCC blueprint. 

Adopt low carbon climate resilient development pathway 
ASEAN members should also make efforts towards low carbon climate resilient growth which can 
offer mitigation as well as adaptation co-benefits (e.g. by reducing emissions from deforestation 
and degradation, exploring the mitigation potential of the agriculture sector and also considering 
investing on environmentally sustainable renewable energy options). Investing in a low carbon 
economy could offer ASEAN members economic opportunities in leapfrogging investments in 
carbon-intensive technologies, achieve multiple competitive advantages, such as improved 
management of natural capital, enhanced competitiveness in the face of global mitigation policies, 
and increased market access and offer environmental and health co-benefits. 
 
Avoid maladaptation 
Adaptation interventions can have heterogeneous outcomes; however, arguably, the success of 
adaptation strategies should be assessed to their impacts on and benefits to the poorest and most 
vulnerable. Thus, measures that may increase vulnerability and become maladaptive should also 
be considered when developing adaptation interventions. For example, the construction of a 
reservoir or hydropower station often leads to the suffering of communities living in the 
downstream. No regret adaptation strategies, therefore, will require regional cooperation on shared 
natural resources. 

● Build on existing regional collaboration, share insights and experiences for 
addressing national and trans-boundary climate change issues  

Build on existing regional initiatives on environmental issues and explore cooperation on 
adaptation 
ASEAN secretariat learning from ASEAN’s work on trans-boundary haze, and MRC’s work on 
managing the Mekong River basin, could facilitate regional coordination mechanisms in CCA and 
disaster risk reduction. Through regional cooperation, member states could explore trans-boundary 
strategies on climate change related issues such as water resources management, extreme events, 
migration, outbreaks and protection of biodiversity and marine ecosystems. 
  
Knowledge exchange and learning from neighbours and other non-ASEAN countries 
The on-going adaptation framework and approaches by the member states can learn from the 
proactive initiatives by other ASEAN member states or non-ASEAN countries. Notably, often 
weaker economies with the least capacity can offer adaptation lessons to their wealthier and more 
capable neighbours, and thereby, could bring a paradigm shift to the usual knowledge production 
and dissemination in the region. In this regard, a platform could be institutionalized for knowledge-
sharing at the regional level. Member states could initiate different joint trans-boundary adaptation 
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research projects involving educational partners and also explore staff exchanges between 
Government institutions in ASEAN on adaptation and disaster risk reduction. 
  
Engaging and supporting regional and sub-national networks 
ASEAN should also consider engaging and supporting regional and sub-national networks and 
actors in adaptation planning and policy. Such strategies will facilitate engagement with key 
populations and stakeholder groups such as smallholder farmers or grassroots organizations. This 
will also enable ASEAN and national Governments to outreach regional and sub-national 
stakeholders, increase their awareness of these policies and plans and allow opportunities for 
receiving feedback. 

 

● Mobilize investment for climate resilient development and learning from 
implemented actions 

Ensure funding for adaptation actions 
Member states should commit dedicated funding for adaptation actions at the national and local 
levels. Also, resources should be mobilized for already committed adaptation actions in NDCs and 
other national and regional plans. ASEAN members can explore innovative forms of financing, 
such as risk-sharing instruments involving the private sector or even creating a dedicated 
adaptation fund among member states. The ASEAN secretariat could also explore options to 
become accredited with existing climate funds such as the Adaptation Fund or the Green Climate 
Fund to enhance regional access to adaptation finance. 
  
Devolved and decentralized adaptation finance 
There is a growing movement to promote and support locally-led adaptation. Member states as 
such should commit to substantially increase the volume of devolved and decentralized funding 
available to local Governments, community-based organizations, and others working at the local 
level to identify, prioritize, implement, and monitor climate adaptation solutions. Furthermore, 
capacities on financial and fiduciary management at the local level need to be enhanced. The 
Samdhana Institute, an Indonesian NGO having experience in providing such small grants could 
serve as an example. 

Promote private sector involvement to boost resilience 
The scope of adaptation actions regionally will likely be far greater than the Government budgets 
available to address it. ASEAN secretariat and national Governments have a specific role in 
establishing the policy framework encouraging private sector individuals, households, and firms 
to participate in adaptation actions to boost resilience against the disruptions from climate change 
  
Bottom-up, iterative and learning centric monitoring and evaluation 
Effective monitoring, evaluation and learning (MEL) can facilitate tracking the success of 
adaptation efforts and recognizing drivers critical for success. Bottom-up, iterative and learning 
centric MEL can assist the regional adaptation and development communities to better support 
effective and equitable adaptation that prioritizes the most vulnerable. 
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● Create opportunities for evidence-based, inclusive and equitable adaptation 
strategies to enhance adaptive capacity 

Invest in research to generate evidence and enhance long-term capacity on adaptation 
Article 11 of the Paris agreement emphasizes on building long term in-country capacity. ASEAN 
member states should invest in research programs by engaging universities in the region towards 
creating evidence and building inclusive, equitable and locally appropriate capacity to tackle 
climate change impacts. The region could also focus on collaborative efforts between academia, 
Government agencies and civil society to develop their overall research capacity on all aspects of 
downscaled climate change. 
 
Consider nature-based, context appropriate and cost-effective interventions 
The wide ranging economic and social conditions across ASEAN make a one-size-fits-all 
approach for adaptation inappropriate. Technology requirements by states also vary significantly 
within and across Southeast Asian countries. Therefore, to build climate resilience, it is essential 
to explore cost-effective, technical and non-technical, locally appropriate nature-based adaptation 
solutions in key climate-sensitive sectors. Further evidence-based research on evaluating the 
efficacy of NbS as well as robust policy and monitoring and evaluation framework should be 
conducted on the local, national and regional level to strengthen the investment on nature and to 
scale up NbS initiatives in the region.    
 
Raise public awareness and support for adaptation 
Public support for adaptation is generally lacking in the ASEAN countries and needs to be 
generated on the ground. Enhanced research efforts and information dissemination can effectively 
raise public awareness, thus allowing for autonomous and planned strategies that reinforce 
adaptive capacity and build climate resilience in the region.  
 
Facilitate equitable and inclusive strategies with specific focus on women and youth groups 
ASEAN member states should consider developing strategies that are equitable and inclusive, 
keeping focus on disadvantageous and marginal communities. In this regard, considering the 
historic gender inequality in these regions, more focus should be given on developing skills and 
capacities of women and girls, whereby they become agents of change in tackling and solving 
climate change impacts in different country settings. This will enable a gender-responsive 
understanding of climate change issues. ASEAN member states also should consider investing on 
youth groups to educate and empower the future problem solvers. This investment will also allow 
regional youth groups working on climate change and adaptation to apply their regional knowledge 
on adaptation more widely.  
 
Overall, as adaptation is local, and time and context specific, ASEAN can provide the basis for 
regional collaboration. The appropriate measures and the required support system, however, would 
have to be developed under the auspice of the national, sub-national and local Governments within 
the member states. 
 
 
 
 
 



18 

Bibliography 
 
1.  Garschagen, M., Hagenlocher, M., Comes, M., Dubbert, M., Sabelfeld, R., Lee, Y.J., 

Grunewald, L., Lanzendörfer, M., Mucke, P., Neuschäfer, O., Pott, S., Post, J., Schramm, 
S., Schumann-Bölsche, D., Vandemeulebroecke, B., Welle, T., Birkmann, J., Garschage. 
World Risk Report 2016. 2016.  

2.  Thomalla F, Boyland M, Calgaro E. Disasters and development in Southeast Asia: 
Toward equitable resilience and sustainability. Routledge Handb Southeast Asian Dev. 
2017; 342–361. doi:10.4324/9781315726106-30 

3.  UN ESCAP. Asia-Pacific Disaster Report 2015: Disasters without borders - Regional 
resilience for sustainable development. 2015. Available: 
http://www.unescap.org/sites/default/files/Full Report  [Low-Res].pdf 

4.  UN-ESCAP. The Disaster Riskscape Across Asia-Pacific: Pathways for Resilience, 
Inclusion and Empowerment. 2019. Available: https://www.unescap.org/publications/asia-
pacific-disaster-report-2019. 

5.  Asian Development Bank. The Economics of Climate Change in Southeast Asia: A 
Regional Review.  

6.  IPCC. Climate Change 2007 Synthesis Report. InterGovernmental Panel on Climate 
Change [Core Writing Team IPCC. 2007. doi:10.1256/004316502320517344 

7.  Raghavan S V, Ze J, Hur J, Jiandong L, Ngoc N, Shie-yui L. ASEAN Food Security under 
the 2°C–4°C Global Warming Climate Change Scenarios. Towards a Resilient ASEAN 
Volume 1: Disasters, Climate Change, and Food Security: Supporting ASEAN Resilience. 
Jakarta, Indonesia: Economic Research Institute for ASEAN and East Asia; 2019. pp. 37–
52.  

8.  UNESCAP. Ready for the Dry Years. 2019. Available: 
https://www.unescap.org/sites/default/files/publications/Ready for the Dry Years.pdf 

9.  UN-ESCAP. The Disaster Riskscape Across Asia-Pacific. 2019.  
10.  Teng PPS, Caballero-Anthony M, Tian G. Impact of Climate Change on Food Production: 

Options for Importing Countries. Policy Br. 2015. doi:10.13140/RG.2.1.3875.6567 
11.  Uy N, Takeuchi Y, Shaw R. Local adaptation for livelihood resilience in Albay, 

Philippines. Environ Hazards. 2011;10: 139–153. doi:10.1080/17477891.2011.579338 
12.  Kulp SA, Strauss BH. New elevation data triple estimates of global vulnerability to sea-

level rise and coastal flooding. Nat Commun. 2019;10. doi:10.1038/s41467-019-12808-z 
13.  Purnama S, Marfai MA. Saline water intrusion toward groundwater : Issues and its 

control. Jorunal Nat Resour Dev. 2012;2: 25–32. doi:10.5027/jnrd.v2i0.06 Journal 
14.  World Bank. Advancing Disaster Risk Financing and Insurance in ASEAN Countries: 

Framework and Options for Implementation Volume 1: Main Report. 2012.  
15.  ASEAN Disaster Risk Management Initiative. Synthesis Report on Ten ASEAN 

Countries Disaster Risks Assessment. ASEAN Disaster Risk Management Initiative. 
2010; 149.  

16.  Mely Caballero-Anthony, Jose Ma Luis Montesclaros  and MS. Evaluating the 
Distributional Impacts of Disasters and Climate Change, and the Development of 
Adaption Roadmaps: Rethinking ASEAN Strategy, Policies, and Actions. Economic 
Research Institute for ASEAN and East Asia; 2019.  

17.  Lassa JA, Sembiring M. Toward Policy Integration of Disaster Risk, Climate Adaptation, 
and Development in ASEAN: A Baseline Assessment. NTS Insight. 2017; 1–18. 



19 

Available: https://reliefweb.int/sites/reliefweb.int/files/resources/NTS-insight-Jan2017-
Towards-DRR-CCA.pdf 

18.  Hijioka, Y., E. Lin, J.J. Pereira, R.T. Corlett, X. Cui, G.E. Insarov, R.D. Lasco, E. 
Lindgren  and AS. Asia. In: Climate Change 2014: Impacts, Adaptation, and 
Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the InterGovernmental Panel on Climate Chang. Cambridge Univ 
Press. 2007. doi:10.1186/1471-2334-9-160 

19.  Manh N Van, Dung NV, Hung NN, Kummu M, Merz B, Apel H. Future sediment 
dynamics in the Mekong Delta floodplains: Impacts of hydropower development, climate 
change and sea level rise. Glob Planet Change. 2015;127: 22–33. 
doi:10.1016/j.gloplacha.2015.01.001 

20.  Renaud FG, Le TTH, Lindener C, Guong VT, Sebesvari Z. Resilience and shifts in agro-
ecosystems facing increasing sea-level rise and salinity intrusion in Ben Tre Province, 
Mekong Delta. Clim Change. 2015;133: 69–84. doi:10.1007/s10584-014-1113-4 

21.  Smajgl A, Toan TQ, Nhan DK, Ward J, Trung NH, Tri LQ, et al. Responding to rising sea 
levels in the Mekong Delta. Nat Clim Chang. 2015;5: 167–174. doi:10.1038/nclimate2469 

22.  Li X, Liu JP, Saito Y, Nguyen VL. Recent evolution of the Mekong Delta and the impacts 
of dams. Earth-Science Reviews. Elsevier B.V.; 2017. pp. 1–17. 
doi:10.1016/j.earscirev.2017.10.008 

23.  Ministry Of Natural Resources and Environment. Climate Change and Sea Level Rise 
Scenarios for Viet Nam. 2016.  

24.  Wassmann R, Phong ND, Tho TQ, Hoanh CT, Khoi NH, Hien NX, et al. High-resolution 
mapping of flood and salinity risks for rice production in the Vietnamese Mekong Delta. F 
Crop Res. 2019;236: 111–120. doi:10.1016/j.fcr.2019.03.007 

25.  Nguyen MT, Renaud FG, Sebesvari Z. Drivers of change and adaptation pathways of 
agricultural systems facing increased salinity intrusion in coastal areas of the Mekong and 
Red River deltas in Vietnam. Environ Sci Policy. 2019;92: 331–348. 
doi:10.1016/j.envsci.2018.10.016 

26.  Khat HV, Dang NH, Yabe M. Impact of salinity intrusion on rice productivity in the 
Vietnamese Mekong Delta. J Fac Agric Kyushu Univ. 2018;63: 143–148. Available: 
https://kyushu-u.pure.elsevier.com/en/publications/impact-of-salinity-intrusion-on-rice-
productivity-in-the-vietname 

27.  Khong TD, Loch A, Young MD. Perceptions and responses to rising salinity intrusion in 
the Mekong River Delta: What drives a long-term community-based strategy? Sci Total 
Environ. 2020;711: 134759. doi:10.1016/j.scitotenv.2019.134759 

28.  ICEM. Mekong Delta Climate Change Forum 2009 Forum Report Volume I. 2009.  
29.  Chapman AD, Van TPD. Climate change is triggering a migrant crisis in Vietnam. [cited 

19 Aug 2020]. Available: https://theconversation.com/climate-change-is-triggering-a-
migrant-crisis-in-vietnam-88791 

30.  Simm G. Disaster Response in Southeast Asia: The ASEAN Agreement on Disaster 
Response and Emergency Management. Asian J Int Law. 2018;8: 116–142. 
doi:10.1017/S2044251316000205 

31.  Sawada Y, Zen F. Disaster Management in ASEAN. ERIA Discuss Pap Ser. 2014; 1–48. 
Available: http://www.eria.org/ERIA-DP-2014-03.pdf 

32.  Lucero-Prisno DE. Disasters, resilience, and the ASEAN integration. Glob Health Action. 
2015;8. doi:10.3402/gha.v7.25134 



20 

33.  ASEAN. ASEAN Vision 2025 on Disaster Management. 2016. 
doi:10.1017/CBO9781107415324.004 

34.  Kamolvej T. Disaster Management: Can ASEAN Be a Global Leader? 2019.  
35.  Indra Overland et al. Impact of Climate Change on ASEAN International Affairs: Risk 

and Opportunity Multiplier. 2017. Available: 
https://www.researchgate.net/publication/320622312_Impact_of_Climate_Change_on_AS
EAN_International_Affairs_Risk_and_Opportunity_Multiplier 

36.  ASEAN. ASEAN Joint Statement on Climate Change to the 25th Session of the 
Conference of the Parties to the United Nations Framework Convention on Climate 
Change (UNFCCC COP25). 2019 pp. 1–5.  

37.  Letchumanan R. Climate change: is Southeast Asia up to the challenge?: is there an 
ASEAN policy on climate change? 2010; 50–62. Available: 
http://www2.lse.ac.uk/IDEAS/Home.aspx 

38.  UNFCCC. NDC Registry (interim). [cited 8 Jul 2020]. Available: 
https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx 

39.  United Nations Treaty Collection. Chapter XXVII Environment - 7.d Paris Agreement. 
[cited 8 Jul 2020]. Available: 
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-
d&chapter=27&clang=_en 

40.  Lian KK, Bhullar L. Governance on Adaptation to Climate Change in the Asean Region. 
Carbon Clim Law Rev. 2011;5: 82–90. doi:10.21552/cclr/2011/1/159 

41.  UNFCCC. National Adaptation Programmes of Action. [cited 8 Jul 2020]. Available: 
https://unfccc.int/topics/resilience/workstreams/national-adaptation-programmes-of-
action/introduction 

42.  UNFCCC. National Adaptation Plans. [cited 8 Jul 2020]. Available: 
https://unfccc.int/topics/adaptation-and-resilience/workstreams/national-adaptation-plans 

43.  (ASEAN) A of SAN. ASEAN 2025: Forging Ahead Together. Jakarta: ASEAN 
Secretariat; doi:10.1017/CBO9781107415324.004 

44.  Association of Southeast Asian Nations (ASEAN). AADMER Work Programme 2016-
2020. Jakarta, ASEAN Secretariat; 2016.  

45.  SEADRIF. Southeast Asia Disaster Risk Insurance Facility Brochure. 2018.  
46.  Peduzzi P, Chatenoux B, Dao H, de Bono A, Deichmann U, Giuliani G, et al. The Global 

Risk Analysis for the 2009 Global Assessment Report on Disaster Risk Reduction. Int 
Disaster Risk Conf IDRC. 2010; 1–6.  

47.  Salamanca A, Nguyen H. Climate change adaptation readiness in the ASEAN countries. 
2016. Available: https://www.sei.org/publications/adaptation-readiness-asean/ 

48.  Maeda T, Sivapuram VRKP, Shivakoti BR. An assessment of mainstreaming climate 
change concerns into institutions and policies for disaster risk reduction in ASEAN. 2019; 
1–27. Available: 
https://www.preventionweb.net/files/66266_f329maedaassessmentofmainstreamingc.pdf 

49.  Sagbakken HF, Overland I, Merdekawati M, Chan H, Suryadi B. Climate Change , 
Security and Regional Cooperation in ASEAN. 2020.  

50.  Economic Research Institute for ASEAN and East Asia (ERIA. Towards a Resilient 
ASEAN Advancing Disaster Resilience and Climate Change Adaptation : Roadmaps and 
Options for Implementation. 2019.  

51.  Swangjang K. Comparative review of EIA in the Association of Southeast Asian Nations. 



21 

Environ Impact Assess Rev. 2018;72: 33–42. doi:10.1016/j.eiar.2018.04.011 
52.  Traerup S, Olhoff A, Christiansen L. Technologies for Adaptation Perspectives and 

Practical Experiences. Journal of Chemical Information and Modeling. 2011. 
doi:10.1017/CBO9781107415324.004 

53.  Klein RJT, Dougherty WW, Alam M, Rahman AA. Technology to Understand and 
Manage Climate Risks. Background Paper for the UNFCCC Seminar on the Development 
and Transfer of Environmentally Sound Technologies for Adaptation to Climate Change. 
Technology. 2005; 1–37.  

54.  UNFCCC Technology Excecutive Committee. Background Paper on Technologies for 
Adaptation. 2014; 1–71.  

55.  L. Christiansen AO and ST. Technologies for Adaptation: Perspectives and Practical 
Experiences. UNEP. Roskilde: UNEP Risø Centre; 2011. 
doi:10.1017/CBO9781107415324.004 

56.  Mfitumukiza D, Roy AS, Simane B, Hammill A, Rahman MF, Huq S, et al. Scaling local 
and community-based adaptation. Rotterdam and Washington, DC; Available: 
www.gca.org/global-commission-on-adaptation/report/papers 

57.  Seddon N, Daniels E, Davis R, Chausson A, Harris R, Hou-Jones X, et al. Global 
recognition of the importance of nature-based solutions to climate change impacts. Glob 
Sustain. 2020; 1–15. doi:10.20944/preprints201810.0203.v2 

58.  Seddon N, Chausson A, Berry P, Girardin CAJ, Smith A, Turner B. Understanding the 
value and limits of nature-based solutions to climate change and other global challenges. 
Philos Trans R Soc B Biol Sci. 2020;375. doi:10.1098/rstb.2019.0120 

59.  Seddon N, Sengupta S, Hauler I, Rizvi AR. Nature-based Solutions in Nationally 
Determined Contributions. 2020; 62.  

60.  Molino GD, Kenney MA, Sutton-grier AE. Stakeholder-defined scientific needs for 
coastal resilience decisions in the Northeast U.S. Mar Policy. 2020;118: 103987. 
doi:10.1016/j.marpol.2020.103987 

61.  IUCN. IUCN Global Standard for Nature-based Solutions, Version 1.0. 2020.  
62.  Narayan S, Beck MW, Wilson P, Thomas CJ, Shepard CC, Reguero BG, et al. The Value 

of Coastal Wetlands for Flood Damage Reduction in the Northeastern USA. Sci Rep. 
2017; 1–12. doi:10.1038/s41598-017-09269-z 

63.  Rezaie AM, Loerzel J, Ferreira CM. Valuing natural habitats for enhancing coastal 
resilience: Wetlands reduce property damage from storm surge and sea level rise. PLoS 
One. 2020;15: 1–17. doi:10.1371/journal.pone.0226275 

64.  Menéndez P, Losada IJ, Torres-Ortega S, Narayan S, Beck MW. The Global Flood 
Protection Benefits of Mangroves. Sci Rep. 2020;10: 1–11. doi:10.1038/s41598-020-
61136-6 

65.  Menéndez P, Losada IJ, Beck MW, Torres-Ortega S, Espejo A, Narayan S, et al. Valuing 
the protection services of mangroves at national scale: The Philippines. Ecosyst Serv. 
2018;34: 24–36. doi:10.1016/j.ecoser.2018.09.005 

66.  Tri NH, Adger WN, Kelly PM. Natural resource management in mitigating climate 
impacts: The example of mangrove restoration in Vietnam. Glob Environ Chang. 1998;8: 
49–61. doi:10.1016/S0959-3780(97)00023-X 

67.  Barbier EB, Koch EW, Silliman BR, Hacker SD, Wolanski E, Primavera J, et al. Coastal 
ecosystem-based management with nonlinear ecological functions and values. Science. 
2008;319: 321–3. doi:10.1126/science.1150349 



22 

68.  Camacho LD, Gevaña DT, Sabino LL, Ruzol CD, Garcia JE, Camacho ACD, et al. 
Sustainable mangrove rehabilitation: Lessons and insights from community-based 
management in the Philippines and Myanmar. APN Sci Bull. 2020;10. 
doi:10.30852/sb.2020.983 

69.  Gevaña DT, Camacho LD, Pulhin JM. Conserving mangroves for their blue carbon: 
Insights and prospects for community-based mangrove management in southeast Asia. 
Coastal Research Library. Springer; 2018. pp. 579–588. doi:10.1007/978-3-319-73016-
5_26 

70.  Ansari AH. Legal and Policy Framework for Ecosystem-Based Adaptation to Climate 
Change in Malaysia: A Reform-Oriented Study. Adaptation to Climate Change. 2015. pp. 
83–117. doi:10.1142/9789814689748_0004 

71.  Salamanca A, Nguyen H. Climate change adaptation readiness in the ASEAN countries 
Stockholm Environment Institute – Asia Centre.  

72.  UNISDR, CRED. The human cost of weather-related disasters 1995-2015. UNISDR Publ. 
2015;1: 30. doi:10.1017/CBO9781107415324.004 

73.  Mojid MA. Climate change-induced challenges to sustainable development in 
Bangladesh. IOP Conf Ser Earth Environ Sci. 2020;423. doi:10.1088/1755-
1315/423/1/012001 

74.  IUCN. Blog: Floating agriculture drifts from Bangladesh to Viet Nam | IUCN. [cited 10 
Jun 2020]. Available: https://www.iucn.org/news/bangladesh/201811/blog-floating-
agriculture-drifts-bangladesh-viet-nam 

75.  Ministry of Environment and Forest (MOEF) G of the PR of B. National Adaptation 
Programme of Action (NAPA). 2005. doi:10.1007/978-4-431-54249-0_6 

76.  Ministry of Environment and Forests G. Bangladesh climate change strategy and action 
plan. 2009.  

77.  GOB (Government of Bangladesh). Disaster Management Act 2012. 2012 pp. 1394–1395. 
doi:10.1016/S0140-6736(76)91927-9 

78.  Government of the People’s Republic of Bangladesh. Government of the People ’ s 
Republic of Bangladesh National Plan for Disaster Management 2010-2015. Disaster 
Manag Bur. 2015; 103. Available: http://www.dmb.gov.bd/reports/Nataional Plan for 
Disaster (2010-2015) Final Version.pdf 

79.  Government of the People’s Republic of Bangladesh. Ministry of Disaster Management 
and Relief National Plan for Disaster Management 2016-2020. 2017.  

80.  General Economics Division. The Seventh Five Year Plan FY 2016-2020. 2015.  
81.  Bangladesh G of the PR of. Bangladesh Delta Plan 2100 - পরিকল্পনা করিশন-গণপ্রজাতন্ত্রী বাাংলাদেশ 

সিকাি. 2018 [cited 17 May 2020]. Available: 
http://www.plancomm.gov.bd/site/files/0adcee77-2db8-41bf-b36b-
657b5ee1efb9/Bangladesh-Delta-Plan-2100 

82.  Ministry of Environment and Forests ( MOEF ) Government of the People ’ s Republic of 
Bangladesh. Intended Nationally Determined Contributions ( INDC ). 2015 pp. 1–15.  

83.  Ataur Rahman M, Rahman S. Natural and traditional defense mechanisms to reduce 
climate risks in coastal zones of Bangladesh. Weather Clim Extrem. 2015;7: 84–95. 
doi:10.1016/j.wace.2014.12.004 

84.  Huq N, Bruns A, Ribbe L, Huq S. Mainstreaming ecosystem services based climate 
change adaptation (EbA) in Bangladesh: Status, challenges and opportunities. Sustain. 
2017;9: 1–20. doi:10.3390/su9060926 



23 

85.  Ayers J, Forsyth T. Community-Based Adaptation to Climate Change: Strengthening 
Resilience Through Development. Environment. 2009;51: 22–31. 
doi:10.3200/ENV.51.4.22-31 

86.  Cornwall W. Bending to the Water’s Will. AAAS. 2018.  
87.  Kazi Nurmohammad Hossainul Haque FAC and KRK. Participatory Environmental 

Governance and Climate Change Adaptation: Mainstreaming of Tidal River Management 
in South-west Bangladesh. In: Ha H, editor. Land and Disaster Management Strategies in 
Asia. Springer; 2015. pp. 1–265. doi:10.1007/978-81-322-1976-7 

88.  Rezaie A, Navera U. Tidal river management : An innovative approach for terminating 
drainage congestion and raising land through sedimentation in the Bhabodaho area , 
Bangladesh. Adv River Sediment Res. 2013; 1363–1375.  

89.  Initiative NS. Case studies | Nature-based Solutions – Bangladesh Portal. 2020 [cited 18 
May 2020]. Available: http://www.nbsbangladesh.info/case-studies/ 

90.  The World Bank and The United Nations. Natural hazards, unnatural disasters : the 
economics of effective prevention. Disasters. 2010.  

91.  Haque U, Hashizume M, Kolivras KN, Overgaard HJ, Das B, Yamamoto T. Reduced 
death rates from cyclones in Bangladesh: What more needs to be done? Bull World Health 
Organ. 2012;90: 150–156. doi:10.2471/BLT.11.088302 

92.  Saenger P. Land from the Sea : The Mangrove Afforestation Program of Bangladesh. 
Ocean Coast Manag. 1993;20: 23–39.  

93.  ADB. Project Completion Report Coastal Greenbelt Project ( Loan 1353-BAN [ SF ]) in 
the People ’ s Republic of Bangladesh. 2005.  

94.  Rezaie AM, Ferreira CM, Rahman MR. Storm surge and sea level rise: Threat to the 
coastal areas of Bangladesh. In: Maggioni, V., and Massari C, editor. Extreme 
Hydroclimatic Events and Multivariate Hazards in a Changing Environment. Elsevier Inc.; 
2019. pp. 1–26.  

95.  The World Bank. Bangladesh Disaster Risk and Climate Resilience Program. 2018 [cited 
17 May 2020]. Available: 
https://www.worldbank.org/en/country/bangladesh/brief/bangladesh-disaster-risk-climate-
change-program 

96.  UNDP. Bangladesh: Disaster Risk Reduction as Development. [cited 8 Jul 2020]. 
Available: https://www.undp.org/content/undp/en/home/librarypage/poverty-
reduction/supporting_transformationalchange/Bangladesh-drr-casestudy-transformational-
change.html 

97.  Reid H, Adhikari A. Ecosystem-based approaches to adaptation: strengthening the 
evidence and informing policy. Research results from the Incentive-based Hilsa 
Conservation Programme, Bangladesh. Iied. 2018. Available: 
http://pubs.iied.org/17621IIEDwww.iied.org@iiedwww.facebook.com/theIIEDwww.iied.
org 

98.  Islam MM, Mohammed EY, Ali L. Economic incentives for sustainable hilsa fishing in 
Bangladesh: An analysis of the legal and institutional framework. Mar Policy. 2016;68: 8–
22. doi:10.1016/j.marpol.2016.02.005 

99.  IIED. Mainstreaming adaptation benefits for Bangladesh’s freshwater ecosystems. 2012. 
doi:10.1016/j.esd.2016.06.003 

100.  Rahman MJ, Wahab MA, Nahiduzzaman M, Haque ABMM, Cohen P. Hilsa fishery 
management in Bangladesh. IOP Conf Ser Earth Environ Sci. 2020;414. 



24 

doi:10.1088/1755-1315/414/1/012018 
101.  DFID. Co-benefits of adaptation, mitigation and development. Phys Rev E. 2011; 24. 

Available: 
http://ridum.umanizales.edu.co:8080/jspui/bitstream/6789/377/4/Muñoz_Zapata_Adriana_
Patricia_Artículo_2011.pdf 

102.  Prabhakar SVRK, Suryahadi S, Las I, Unadi A, Setyanto P. Mitigation Co-Benefits of 
Adaptation Actions in Agriculture: An Opportunity for Promoting Climate Smart 
Agriculture in Indonesia. Asian J Environ Disaster Manag. 2013;5: 261. 
doi:10.3850/s1793924012100134 

103.  Barbier EB, Lozano R, Rodríguez CM, Troëng S. Adopt a carbon tax to protect tropical 
forests. Nature. 2020;578: 213–216. doi:10.1038/d41586-020-00324-w 

104.  Barbier EB. Greening the Post ‐ pandemic Recovery in the G20. Environ Resour Econ. 
2020. doi:10.1007/s10640-020-00437-w 

105.  Hai NT, Dell B, Phuong VT, Harper RJ. Towards a more robust approach for the 
restoration of mangroves in Vietnam. Ann For Sci. 2020;77. doi:10.1007/s13595-020-
0921-0 

106.  World Bank NBS Program. NATURE-BASED SOLUTIONS FOR DISASTER RISK 
MANAGEMENT.  

107.  Lasco RD, Espaldon MLO, Habito CMD. Smallholder farmers’ perceptions of climate 
change and the roles of trees and agroforestry in climate risk adaptation: evidence from 
Bohol, Philippines. Agrofor Syst. 2016;90: 521–540. doi:10.1007/s10457-015-9874-y 

 
 
 
 


