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The Southeast Asia region is critical to global
climate objectives. Of the ten countries
comprising the Association of Southeast Asian
Nations (ASEAN), more than half are
considered amongst the world’s most
vulnerable to climate change, and all are facing
increasingly frequent and more severe weather
events. At the same time, ASEAN countries
collectively represent the fourth largest source
of emissions globally, with energy demands
projected to triple by 2050. Heavy dependence
on fossil fuels means that greenhouse gas
emissions are growing at an alarming rate with
CO2 emissions per capita expected to more
than double in the next two decades. The
region’s lush tropical forests, mangroves, and
natural environment not only represent some of
the world’s most important biodiversity
hotspots, but also hold two thirds of the world’s
carbon stocks.

The challenges are significant, but so are the
opportunities. COP26 in Glasgow marked a
step change in climate ambition across the
region, with countries increasingly seeing the
enormous potential in decoupling growth from
emissions and creating jobs in a new green
economy. Currently 85% of the region’s
greenhouse gas emissions are covered by
commitments to reach Net Zero by mid-century.
Eight ASEAN countries have made
commitments to reverse forestry loss and/or
protect their oceans and other natural habitats.

We need to build on this momentum to drive
further ambition and ensure commitments
translate into action. The UK’s relationship with
the region is becoming closer and is a key

component of our Indo-Pacific strategy. In
2021, the UK became the first new ASEAN
Dialogue Partner in 25 years, and we are
pleased to be using the ASEAN-UK Plan of
Action to deepen our cooperation on this vital
agenda. Our partnership is underpinned by a
wide range of tools, networks and expertise.
This includes collaborating with world-class
institutions to produce critical analysis — like this
report — to strengthen our collective
understanding of climate risks to inform
decision making. It also includes using the UK’s
considerable international climate finance
contribution, global networks and influence to
leverage funding from other public and private
organisations to support climate resilience and
adaptation, improve the natural environment,
accelerate the energy transition and promote
low carbon growth. Drawing on these tools, our
unique network of climate, energy and nature
advisors in each of our Embassies and High
Commissions across the region are working in
partnership with Southeast Asian countries to
deliver low carbon, climate resilient growth and
jobs, fulfil our collective climate commitments
and explore opportunities to do more together.
This risk report was commissioned to better
understand the climate risks to development in
the Southeast Asia region across these
themes.

This next decade is critical if we are to take the
collective action needed to tackle climate
change and halt nature loss. Southeast Asia is
on the front line of this effort and should grasp
the opportunity that a clean and climate-
resilient future offers for growth and prosperity.

Image location: Bandar Seri Begawan,
Brunei Darussalam
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Executive Summary

Southeast Asia is already exposed to a changing climate and its impacts under a business-
as-usual scenario, and these must be considered to ensure climate resilient development
planning. This report analyses key risks across the Southeast Asia region under a changing
climate up to the 2050s. The risks are analysed under seven themes that have been identified
as priorities within a development context for FCDO: (1) agriculture and food security; (2)
water resources and water-dependent services; (3) health; (4) infrastructure and
settlements; (5) energy; (6) environment; and (7) the blue economy and the marine
environment. These themes are not a comprehensive list of all possible climate risks,
additionally, there are also many interlinking risks between them signposted in the sections
that follow.

In this report, Southeast Asia includes Brunei Darussalam, Cambodia, Indonesia, Lao
People’s Democratic Republic (Lao PDR), Malaysia, Myanmar, Philippines, Singapore,
Thailand, Timor-Leste, and Viet Nam. Climate change is just one of several risks to
resources, livelihoods, economies, and ecosystems. Southeast Asia is a dynamic region,
experiencing rapid population growth, urbanisation, and economic transformation, so an
assessment of climate risk provides only a partial picture of the many drivers of change
shaping development outcomes.

Key climate-related risks for Southeast Asia have been identified by considering how the
current climate interacts with underlying socio-economic conditions, and then assessing how
risks may develop to the 2050s as both climate and socio-economic conditions change.
Seeing the ‘bigger picture’ where multiple risks compound, interact with one another, and drive
change, will remain important for those charged with designing, monitoring, and evaluating
development programmes. Section 2.1 and the contextual parts of Section 3 provide
background information on socio-economic conditions and vulnerability. Importantly, most
risks identified in this report are not new for the region. However, the frequency, severity, and
distribution of those risks are evolving as climate conditions change and economies develop.

Southeast Asia experiences a maritime climate in the south and a tropical climate in
the north. The far north of the region and north-east Thailand experiences a more temperate
climate.

On average Southeast Asia has warmed by 0.5°C from 1980 to 2015. The frequency of
warm nights has increased, and the frequency of cold days and nights has decreased.
Temperatures will increase by an average of 1.1°C by the 2050s* under a medium emission
scenario, with increases of up to 3.5°C possible under high emissions, compared to a 1981-
2010 baseline. The intensity, number, and duration of very hot days will increase in the
Southeast Asia region and moist heatwaves are likely to be an increasing hazard through
Maritime Southeast Asia.

There has been a recent drying trend over most of the region, particularly over northern
high elevation areas. The exceptions are southern Viet Nam, southern Myanmar, and
southern Lao PDR which have experienced a wetting trend. In contrast to the drying trend,
annual rainfall is projected to increase across the region, and this is most pronounced across
Myanmar, northern Thailand, and northern Lao PDR through the southwest monsoon season
(June to October). Some projections indicate a drying trend across Timor-Leste and southern
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Indonesia outside of the main wet season (April to October). The frequency of intense rainfall
events will increase.

Coastal regions are already exposed to rising sea levels, increasing sea surface
temperatures, acidification and marine heatwaves, trends that will continue. Sea surface
temperatures will increase by 0.7°C on average by the 2050s under low emission and by 1.2°C
under high emission scenarios, relative to a 1995-2014 baseline. By the 2050s, sea levels will
rise by 0.2 — 0.3m irrespective of emission scenario, compared to a 1995-2014 baseline. The
strongest typhoons are projected to increase in intensity.

Agriculture and Food Security (Section 3.1) are vulnerable to climate change because
most crops in the region are rainfed, and so the success or failure of farming is
determined largely by the weather. Although agricultural production now accounts for a
relatively low proportion of GDP in most countries, roughly 50% of the region’s population still
live in rural areas and make a living tied directly, or indirectly, to the agricultural economy.

Yields of most crops are projected to decline without adaptation due to rising
temperatures, heat extremes, flooding, and, in delta areas, soil and water salinisation
(3.1.2). Farming in much of Southeast Asia is based on rice production, often in multiple
cropped systems, with the region accounting for 26% and 40% of global rice production and
imports, respectively. However, rice yields are projected to decline by 3-10% by the 2050s,
with the biggest reductions expected in Cambodia, Myanmar, and Viet Nam. Heat and
humidity stress will also become a growing problem for agricultural workers, causing
reductions in labour capacity that could undermine agricultural productivity (3.1.5).
Nonetheless, Southeast Asia still produces a net surplus of rice, and there is scope for
improving agricultural yields and reducing greenhouse gas emissions through improvements
in agricultural systems and practices.

Aquaculture plays an increasingly important role in meeting food and income needs
and generating export revenue, but is threatened by rising temperatures and cyclone-
related storm surges (3.1.3). The transition from rice farming to aquaculture has been most
pronounced in the region’s deltas, partly in response to climate-related sea level rise and soil
salinisation, exacerbated by land subsidence. Aquaculture production has increased between
7 and11-fold in Vietnam, Indonesia, and Myanmar over the last 20 years, but the clearance of
mangrove forests for aquaculture ponds has increased coastal exposure to cyclones and
storm surges (3.7.2). As a result, some 30% of aquaculture areas may become unsuitable for
farming by 2050-70.

Food insecurity may increase as agricultural production and food prices become more
volatile, with the potential for longer-term price increases that could undermine food
affordability for the poorest groups (3.1.6). Those groups mainly comprise net consumers
of food: subsistence-orientated farmers growing much of their food on small-plot rainfed lands,
concentrated in Myanmar, Cambodia, and Indonesia, and increasing numbers of urban poor
dependent on informal wage labour to buy essentials, vulnerable to fluctuations in the
availability of work and the cost of food. Across the region, roughly 54% of the population
cannot afford a healthy diet, estimated to cost around USD4/day. In Indonesia, consumers
already pay among the highest prices in the region for staples and nutritious food, and price
volatility has been linked to the prevalence of child stunting (undernutrition). Regionally,
declining agricultural yields and higher food prices could hamper progress towards SDG2: End
hunger, achieve food security and improved nutrition and promote sustainable agriculture.
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Many of the impacts of climate change will be felt through the region’s Water Resources
and Water-dependent Services (Section 3.2) as greater rainfall variability and more
intense rainfall events will make harnessing and managing water resources for different
users and uses more difficult. Southeast Asia has abundant freshwater resources, but
deficits in water storage and distribution needed to smooth out variations in supply over time,
and between areas, will increasingly act as a drag on economic growth. In Indonesia, roughly
half of the country’s GDP is produced in river basins experiencing severe or high-water stress
in the dry season; periodic water scarcity is projected to result in 2.5% lower GDP by 2045 in
the absence of investment in water storage and distribution to buffer supply variability (3.2.2,
3.2.4).

Pressures to meet competing demands for water are already evident in the lower
Mekong basin (Myanmar, Thailand, Lao PDR, Cambodia, Viet Nam), expected to home
100 million people by 2050 (3.2.2). The basin is a globally significant rice and fish-producing
area, and installed hydropower capacity is expected to roughly triple by 2050. Mekong waters
also carry sediments and nutrients that play a key role in stabilising delta lands and livelihoods
and flows help flush salt from the delta’s soils. While future changes in river flows will be driven
largely by dam construction and irrigation diversions, climate change will likely amplify flow
variability across countries, with higher peak flows and more damaging floods to the 2050s.
The average annual cost of flooding in the lower Mekong ranges from USD60-70 million, with
Cambodia and Viet Nam typically absorbing two-thirds of the damages. As flow variability
increases and demands increase, dam operations may need to shift toward flood control in
addition to maintaining sediment and salt-flushing flows to the delta. This will require greater
cooperation between upstream and downstream countries to manage trade-offs and allow
nations to achieve SDG6: Availability and sustainable management of water and sanitation for
all.

Water contamination caused by flash flooding and higher temperatures is a growing
risk to drinking water quality and health, especially where access to safely managed
water and sanitation is lacking, as in Lao PDR, Cambodia, and Indonesia (3.2.3, plus
3.3.4, 3.3.5). Groundwater provides over 60% of domestic water supply across Southeast
Asia, and its role as a storage ‘buffer’ for all sectors will likely increase. Although groundwater
resources are protected to some extent from contamination, more intense rainfall events and
flash floods can damage or destroy latrines and spread faecal matter and other pollutants into
poorly constructed water sources, rivers, and the wider environment. Higher water
temperatures and more intense droughts also present risks: higher water temperatures
stimulate the growth of toxic algae, for example, and droughts can reduce the capacity of rivers
to dilute, attenuate, and remove pollution. Risks to water quality and health will grow most
rapidly in fast-expanding urban areas exposed to higher flood risks, particularly in informal
settlements lacking drainage and effective faecal waste management (see also Section 3.3
on Health).

The Health (Section 3.3) outcomes sensitive to climate change in the Southeast Asia
region include heat stress and heat-related mortality, diarrhoeal and water-borne
diseases, undernutrition, vector-borne diseases, and health conditions linked to air
pollution. Risks will be unevenly spread, exacerbating health inequalities linked to economic
status, location, gender, and age. Many of the pathways linking climate variables with human
health are indirect and hard to quantify, but the most significant for the region are likely to be
heat stress/heat-related mortality and undernutrition, with the latter linked closely to diarrhoeal
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and water-borne diseases. Combined, these risks could result in over 10,000 additional deaths
per year and hinder progress towards SDG3: Ensuring healthy lives and promoting well-being
for all at all ages.

Continental Southeast Asia will experience one of the highest cumulative exposures to
heatwave events and heat-related mortality of any global region (3.3.6). Combinations of
heat and humidity pose the biggest risks to health, with the elderly, infants, pregnant women,
people living in informal settlements, and those engaged in outdoor manual labour the most
vulnerable. Higher temperatures and heat waves may also contribute to the formation of
dangerous air ozone, as well as the forest and peat fires — originating mainly in Indonesia and
Malaysia - that cause transboundary haze and a range of respiratory, cardiovascular, and
neurological conditions. Ambient and indoor air pollution is already one of the leading causes
of death and illness in the region.

The prevalence of diarrhoeal and water-borne diseases, key contributors to
undernutrition, is also expected to increase because higher temperatures and floods
can accelerate the growth and spread of dangerous pathogens (3.3.4, 3.3.5). Southeast
Asia already has one of the highest undernutrition (child stunting) levels in the world at 26%,
with 14 million children under five facing a lifetime of physical and cognitive deficits as a result.
The highest rates of diarrhoeal disease and undernutrition are found in Timor-Leste,
Indonesia, and Lao PDR, closely linked to unsafe water, sanitation, and hygiene.
Undernutrition is also caused by food insecurity linked to declining agricultural yields and the
potential for higher and more volatile food prices (3.1.6). Collectively, the risks above will
hamper progress on SDG2: Ending hunger and improved nutrition.

The seasonality, range, and reproduction of vector-borne diseases such as malaria and
dengue will also be affected by rising temperatures and changing rainfall patterns
(3.3.3), highlighting the need for improved public health surveillance and vector control. In
most countries, cases of malaria infection and mortality have fallen in recent decades despite
increasingly favourable climatic conditions for disease spread. Over the last decade, total
(regional) malaria cases and deaths have fallen by 76%, with most remaining incidence in
Myanmar and Indonesia. Suitable areas for dengue transmission are expected to increase
throughout Asia, although infection is often asymptomatic or results in only mild illness.

Risks to Infrastructure and Settlements (Section 3.4) in Southeast Asia arise from
climate extremes and slower onset changes in climate conditions that threaten assets,
systems, and services. Impacts can cascade across economic sectors, areas, and
population groups because of the interconnected nature of power, transport, and
communications systems, highlighting the need to Build resilient infrastructure, promote
inclusive and sustainable industrialisation and foster innovation (SDG9) while also Making
cities and human settlements inclusive, safe, resilient and sustainable (SDG11).

Climate risk and poverty will increasingly coincide in fast-growing towns and cities,
especially informal settlements exposed to more flooding and extreme heat. Just over
50% of the region’s 690 million population now live in urban areas, and that share will likely
increase to over 60% by 2050. At least 20% of the urban population live in informal settlements
lacking one or more basic services, with the highest shares in Myanmar (58%), Philippines
(837%) and Indonesia (20%). More intense rainfall events will increase the risks of flash flooding
and environmental contamination in low-lying areas, especially those lacking adequate
drainage and faecal waste management (3.3.4). Over 20 million urban residents are already
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at high risk from flash floods, mainly in Viet Nam (10 million), Cambodia (4 million), and
Indonesia (3 million).

In densely populated coastal areas, risks to infrastructure and settlements are
amplified by cyclones, storm surges, and sea level rise. Viet Nam has 300 low-lying
coastal cities increasingly impacted by cyclones, storm surges, and river flooding, with roughly
one-third located on eroding coastlines. Some 6-12 million people in Viet Nam’s Mekong delta
may be affected by coastal flooding by 2070-2100 without effective adaptation, potentially
reducing GDP by over 2%. Roughly 18% of Indonesia’s population live in low-elevation coastal
areas, making it one of the largest ‘at risk’ areas globally. An additional 0.8 — 2.5 million people
in Indonesia could be affected by extreme river floods compounded by high tides and storm
surges by 2035-2044. The coastal cities experiencing the fastest changes in relative sea
levels in the region, caused mainly by land subsidence but exacerbated by climate-driven sea
level rise, are Ho Chi Minh City (Viet Nam), Yangon (Myanmar), and Jakarta (Indonesia).

Southeast Asia’s transport networks, port infrastructure, and maritime trade are also
vulnerable to climate extremes, especially intense rainfall, floods, and cyclones (3.4.3,
3.4.5). Floods, and to a lesser extent cyclones, already result in annual damages of around
USD2.2 billion to regional road and rail infrastructure. In absolute terms, annual damages to
transport attributable to floods and cyclones are highest in Indonesia, Viet Nam, and
Philippines as a share of GDP damages are highest in Myanmar and Lao PDR. Coastal ports
and maritime trade may also incur heavy losses, with many regional ports already exposed to
climate-related hazards that exceed operational design standards. Current port-specific risks
across 18 ports in Philippines amount to around USD196 million/year with knock-on effects on
maritime trade, arising mainly from cyclones and their impact on port-shipping operations.

Climate-related shocks and trends can contribute to both increases and decreases in
migration, with no clear overall trends for the region. Projections to the 2050s highlight
the lower Mekong subregion as a potential out-migration hotspot, with sea-level rise and storm
surges undermining agricultural livelihoods in the Mekong delta. However, population mobility
is driven by many different factors, with no simple causal chain or robust estimates of climate
induced migration widely agreed.

Access to Enerqy (Section 3.5) has improved across the region, but climate change will
have broadly negative impacts on energy supplies and will increase overall and peak
demands. All but two countries (Myanmar and Cambodia) have achieved near-universal
access to electricity, but closing remaining gaps in clean cooking fuel provision, increasing the
share of renewables in electricity generation, and minimising risks to power generation and
distribution from climate change will be needed to achieve SDG7: Ensure access to affordable,
reliable, sustainable, and modern energy for all.

Regional electricity production is dominated by thermoelectric generation from fossil
fuels and by hydropower, with both based on major, long-lived investments in fixed
infrastructure that are sensitive to changes in water availability (3.5.2). Electricity
production from thermal power plants (mainly gas and coal) still dominates the energy mix in
all countries except Lao PDR and Cambodia. Country-level data are scarce, but the region
will likely experience a reduction in the usable capacity of thermoelectric generation because
of water constraints, driven in part by more variable water supplies (3.2.2; 3.5.2). Hydropower
plays an increasingly important role in electricity production in Lower Mekong countries,
especially Lao PDR (70%), Cambodia (46%), Myanmar (40%) and Viet Nam (30%), with

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office



installed hydropower capacity along the Mekong expected to triple by 2040. Risks to
hydropower arise from greater river flow variability to the 2050s, and the need to balance
power generation with other (transboundary) priorities including the maintenance of
environmental services, sediment and salt-flushing flows to downstream deltas, and flood
management (3.5.2).

Solar and wind projects can be developed incrementally to meet demand, so the risks
of locking-in climate vulnerabilities are less significant (3.5.2). Solar and wind remain
comparatively under-developed in the region, though Indonesia and Viet Nam are among the
countries looking to capitalise on their potential. Power outputs from solar projects, both land-
based and floating, will be sensitive to changes in the frequency of very warm, cloudy, and/or
hazy conditions, but regional impacts to the 2050s are likely to be minor (+/-5%). Solar
infrastructure can be damaged by storms and high winds, although systems can be
strengthened at a cost premium. Onshore and offshore wind power can also be disrupted or
damaged by high winds associated with more intense cyclones although adaptations are
available — again at higher cost. In Philippines, more expensive typhoon-class wind turbines
will be needed for many locations; in some areas, however, very high wind speeds will likely
preclude wind power altogether.

Electricity distribution infrastructure will be disrupted or damaged by rising
temperatures, heat waves, floods, and strong winds (3.5.3). Climate extremes pose the
biggest risks to electricity distribution. In 2022, Super Typhoon Rai damaged key power lines
and disrupted electricity supply to over 116 cities and municipalities in Philippines causing
outages that hampered relief efforts and shut down electricity-dependent water supplies.
Rising temperatures and heatwaves will also lower the capacity of generators, substations,
and transmission lines. Regional evidence is limited, but wider studies forecast capacity
reductions of 2-27%, depending on the component, during more intense heatwaves. More
resilient systems (for electricity, water, and sanitation) will increasingly be those with no
‘network critical’ points of failure, and that combine multiple energy sources spread across
multiple grids - smart, mini, and hybrid.

Regional energy consumption is forecast to rise by over 250% by the 2050s, with
demand for cooling expected to surge as temperatures rise (3.5.4). By the 2050s, demand
for cooling may account for 30-40% of peak summer electricity loads, driven largely by the
uptake of air conditioning linked to warmer temperatures, heat waves, and rising incomes. The
number of air-conditioner units in the region could rise from 40 million (2017) to 300 million in
2040, with roughly half in Indonesia. Higher demand will require upgrading power system
flexibility across the region to accommodate an increasing share of renewables, manage
intermittency, and deal with peak summer loads. Whether government energy plans and
projections account for rising temperatures and heat waves is unclear.

Pressures on the Environment (Section 3.6) in Southeast Asia arise mainly from
agricultural expansion and urban encroachment but rising temperatures and heat
extremes will place additional pressures on remaining habitats. Southeast Asia is one of
the most biodiverse areas of the world, including large areas that fall within the global top 10
biodiversity hotspots for irreplaceability - Indo-Burma (Cambodia, Lao PDR, Myanmar,
Thailand, Viet Nam), Sundaland (Indonesia), Wallacea (Indonesia), and Philippines (3.6.1).
However, the same areas also fall within the top five for hotspot threats from agricultural
expansion, urban encroachment, mining, biofuel production, and illegal wildlife trade. Across

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office



the region, forest cover decreased by over 10% between 1990 and 2015, and hotspot areas
have become increasingly fragmented. The need to grow more food and compensate for
climate-related reductions in crop productivity (3.1.2) could accelerate agricultural expansion
into natural habitats.

Climate change, particularly rising temperatures and heat extremes, creates additional
pressures on fragile ecosystems, although the evidence base on climate sensitivities
and impact pathways — for individual species and species interactions/combinations —
remains limited (3.6.2, 3.6.3). A northward shift of biome boundaries and an upward shift in
mountain treelines in Southeast Asia are expected due to rising temperatures. Upward shifts
in the elevation of bioclimatic zones, decreases around the highest elevation zones, and
expansions of lower tropical and sub-tropical zones are projected for the 2050s. Ecosystems
that are fragmented, either naturally or because of habitat destruction, are likely to be most at
risk from climate-related losses. This is because species unable to survive changes in climate
may become regionally extinct if they cannot disperse or migrate, for example by moving along
elevational gradients which allow them to track changes in temperature.

The risks of drought-related forest dieback and forest fires will likely increase,
amplifying pressures on more fragmented habitats (3.6.2, 3.6.3). Southeast Asia’s forest
cover has declined by around 13% between 1990 and 2015 because of land clearance for
agriculture and other uses. Southeast Asia is home to nearly 15% of the world’s tropical
forests, supporting globally significant tropical biodiversity and above-ground forest carbon
stocks, but the region is also among the world’s major deforestation and biodiversity loss
hotspots.

The role rising temperatures and heat extremes may play in affecting wetland coverage,
wetland health and the density and duration of peat fires is uncertain, although dry
weather conditions and heat associated with more intense ENSO events may increase
threats (3.6.2, 3.6.3). Wetlands provide food and fibre for local communities, help regulate
water flows and water quality, and capture and store carbon. Global studies indicate that the
preservation and restoration of wetlands can reduce major greenhouse gas emissions.
Indonesia accounts for almost 50% of Southeast Asia’s total wetland area, including tropical
swamp forests and their underlying peat bogs. The clearing and burning of trees, and
underlying peat in Indonesia and Malaysia, has released large quantities of greenhouse gases
and created transboundary haze. In Indonesia, peatland fires accounted for roughly 8% of
global fire carbon emissions between 1997 and 2016. Forest and peatland conservation
policies are now being implemented in Indonesia and Malaysia.

There is growing interest from governments and their development partners in nature-
based solutions to a range of climate mitigation and adaptation problems, and countries
such as Viet Nam and Cambodia have elevated nature-based approaches into national
policy documents. However, implementation across Southeast Asia appears slow, and
the evidence base for impacts at scale, and over time, remains limited. Singapore has a
long history of implementing urban nature-based approaches to flood control in urban
areas, offering lessons in urban planning for the region’s rapidly growing urban settlements.
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While many Southeast Asian countries are on track to achieve UN-Aichi targets for
protected areas, boundaries may need to change to secure species habitats and
facilitate species migration/dispersal as biomes shift northwards. The uptake of nature-
based interventions and carbon credits offers one route forward, with estimates suggesting
that roughly 58% of the region’s forests threatened by loss could be protected as financially
viable carbon projects. Without proactive environmental management and exploration of new
opportunities for nature-based carbon credits, progress towards SDG15 to halt and reverse
land degradation and halt biodiversity loss will likely be jeopardised.

Across ASEAN’s 10 member states, some 625 million depend on the Blue Economy and
Marine Environment (Section 3.7) for their livelihoods yet key habitats are being
depleted or degraded by overfishing, deforestation, pollution, and unregulated coastal
development, with pressures amplified by climate change. Southeast Asia relies
significantly more on its blue economy and marine environment than most other global
regions. ASEAN countries account for 15% of global fish production, 34% of coral reef cover,
35% of mangrove forests, and 33% of seagrass meadows (3.7.2). Despite the environmental
and economic benefits these services provide, key habitats are being depleted or degraded
by overfishing, deforestation, pollution, and unregulated coastal development. Climate
hazards, particularly warming seas, rising sea levels, and ocean acidification, add to pre-
existing pressures, undermining progress towards SDG14: Conserve and sustainably use the
oceans, seas, and marine resources for sustainable development.

The region’s coral reefs, mangrove forests, and seagrass meadows provide vital
ecosystem services but are threatened by the combination of higher sea surface
temperatures, marine heatwaves, rising sea levels, and ocean acidification (3.7.2). The
Coral Triangle, located off the coasts of Philippines, Malaysia, and Indonesia, is a globally
significant hotspot for reef habitats and biodiversity, provides jobs and incomes (including
tourism) for over 100 million people, and coastal protection benefits estimated at USD19 billion
annually. Major coral bleaching linked to El Nifio events and marine heatwaves has already
been recorded in the Coral Triangle and further afield in the Gulf of Thailand. The region’s
mangrove forests and seagrass meadows, some of the most extensive and biodiverse in the
world, also protect coastlines, store carbon, and provide nursery habitats for fish, but are
threatened by rising sea levels and storm surges. However, the key risk remains habitat
destruction: roughly one-third of the region’s mangrove forests have been cleared to provide
land for aquaculture over the last 40 years, mainly around Indonesian coasts.

Marine fisheries, including marine aquaculture, provide a key source of employment,
revenue, and food security, but fish catch potential will be negatively affected by higher
sea temperatures and ocean acidification (3.7.3). ASEAN’s 10 member states account for
almost 20% of global fisheries production, with export earnings valued at around USD1.95
billion in 2018. Fish products also make a major contribution to regional food security. In
Malaysia, Myanmar, and Thailand fish account for over 35% of dietary animal protein; in
Indonesia, the figure rises to over 60%. However, the productivity of marine fisheries, including
marine aquaculture, will be reduced by higher sea temperatures and ocean acidification,
amplifying existing pressures from overfishing, pollution, and habitat destruction. Indonesia,
Viet Nam, and Philippines are among the world’s ten largest marine fisheries producers, but
fishery potential in Indonesia could decrease by 13-29% by the 2050s. Fish unable to adapt
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to higher sea temperatures will likely migrate to higher latitudes, potentially reducing the
traditional target species accessible to smaller, near-coast vessels operated by poorer,
artisanal fishers - still numerous in Philippines and Indonesia. As a result, artisanal fishers,
and the coastal communities they support may face the biggest risks from warmer seas as
well as coastal habitat destruction, the loss of fish nurseries, and the intensifying ‘squeeze’ on
coastal space.

Climate risks to marine species and fisheries in Southeast Asia remain poorly
understood. Climate sensitivities and impact pathways are complex, and projections for
fish productivity and distribution are uncertain. This is a key evidence gap given the
importance of fish to regional economies, livelihoods and nutrition.
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Between 1980-2015, average temperatures
across the majority of Southeast Asia increased
by around 0.5°C. Warming rates have been
highest across the Malay Peninsula and
Sumatra, where this increase was around 0.9°C.
Conversely, the lowest rates of warming were
across southeast Indonesia and Timor-Leste
where little change has been detected.

Average temperatures across Southeast Asia
will increase uniformly by around 1.1°C by the
2050s* under a medium emission scenario,
compared to a 1981-2010 baseline, with
increases of up to 3.5°C possible under high
emission scenarios. Only under these high
emission scenarios is significant regional
variation expected, with the highest warming
projected to occur across Thailand, northern Lao
PDR, and southern Myanmar.

The intensity, number and duration of positive
heat extremes will increase in the Southeast
Asia region.

Moist heatwaves** are likely to be an increasing
hazard through Maritime Southeast Asia.

*The 2050s refer to the 2041-2060 time period.
**A moist heatwaw a typical heat
***Consecutive dry days refer to the number of consecutiv

*+**Marine heatwaves are periods of extreme ocean temperatun
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Annual rainfall is projected to increase across
the region, and this is most pronounced across
Myanmar, northern Thailand, and northern Lao
PDR through the southwest monsoon season
(June to October). Some projections indicate a
drying trend across Timor-Leste and southern
Indonesia outside of the main wet season (April
to October).

The frequency of intense rainfall events is
expected to increase across the region.
Conversely, the number of consecutive dry
days*** are projected to increase across the
Maritime Southeast Asia by 5-15 days per year
by the 2050s.

The proportion of intense typhoons (those of
Category 3-5) will increase.

cally where maximum daily temperatures remain above the S0th percentile of what is

Southeast Asia Climate Risk Report

Sea surface temperatures in Southeast Asia will
increase by 0.7°C on average by the 2050s under
a low emission scenario and by 1.2°C under a high
emission scenario, relative to a 1995-2014
baseline.

Sea levels across Southeast Asia will continue to
rise through the 2050s and beyond. By the 2050s,
sea level will rise by 0.2 — 0.3m irrespective of
emission scenario, compared to a 1995-2014
baseline.

Southeast Asian seas will continue to acidify, and
the frequency, intensity and duration of marine
heatwaves**** will increase.

ypically expected during the season), combined with humidity above 66%.

ithin a year.
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Country Reference Tables

Analysis is conducted at the regional level using five zones. These country summaries are
intended to help direct readers towards the relevant sections within the report by country; they
are not a complete assessment of the full range of risks at a country level. These summaries
do not provide a national level analysis and there will be additional climate risks pertinent at a
national scale that should also be considered in a national or subnational development plan.
Where relevant risks are identified, or where national or sub-national scale risk information is
required, additional climate and socio-economic analysis would be required.

Brunei Darussalam country profile

Report
section

Summary of climate analysis to Brunei Darussalam

Brunei Darussalam experiences a tropical climate.

Brunei Darussalam has already experienced warming of 0.2 °C per decade from 1980 to 2015.
Temperatures will continue to rise in the future with an increased frequency and intensity of heatwaves.
Brunei Darussalam experiences a slightly pronounced, but highly variable, annual cycle of rainfall, peaking
October to April. Precipitation trends over recent decades lack consensus with either a wetting or drying
trend (wetting/drying trends refer to increases/decreases in precipitation (rainfall and snowfall)) being
plausible. There is, however, high confidence in a future wetting trend on average throughout the year.
Extreme rainfall will also increase. Brunei Darussalam experiences frequent typhoons and these will
continue to be a significant feature of the climate, although there may be a small reduction in frequency but
an increase in the intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

Report

Regional risks to Brunei Darussalam .
section

Projected increases in the intensity and frequency of hot extremes pose significant risks to health. High

overnight temperatures already occur in Brunei Darussalam, further impacting health. B

Droughts, high temperatures and dry weather conditions associated with El Nifio events may increase the

severity of fires, impacting air quality and health. e

Climate hazards, such as heat, storm damage, flooding, and excessive wind, pose physical risks to energy

transmission and distribution networks with different lifetimes, also impacting economic losses. EL

Warmer sea surface temperatures lead to more frequent and intense heatwaves. lincreasing ocean
temperatures are likely to lead to changes in the distribution of marine species. Species living close to their 3.7
thermal tolerance are particularly at risk.
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Cambodia country profile

Report
section

Summary of climate analysis relevant to Cambodia

Cambodia experiences a tropical climate.

Cambodia has already experienced warming of 0.1 to 0.3 °C per decade from 1980 to 2015. However,
temperatures will rise in the future with an increased frequency and intensity of heatwaves. Cambodia has
experienced a drying trend in recent decades. However, future projections show medium confidence in a
wetting trend (predominantly in the monsoon season June to October) (wetting/drying trends refer to 2
increases/decreases in precipitation (rainfall and snowfall)). Extreme rainfall will also increase. Cambodia
experiences frequent typhoons and these will continue to be a significant feature of the climate, although there

may be a small reduction in frequency but an increase in the intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

. . . Report
Regional risks relevant to Cambodia P¢
section
Cambodia is a major rice-producing country in Southeast Asia. Rice yields are projected to decline due to 31

higher temperatures and the prevalence of rainfed (vs irrigated) cropping.

Cambodia is one of the biggest aquaculture producers in Southeast Asia and therefore stands to lose
significantly in terms of production and income due to typhoons, storm surges, flooding, and heatwaves — 3.1
hazards that are projected to increase in intensity.

Cambodia’s labour productivity could decline significantly, due to increasing high heat-humidity stress, where

large numbers of people are engaged in agriculture and other exposed occupations. ol

More frequent intense rainfall events and associated flash flooding, alongside rising temperatures, pose risks
to water quality and health especially where access to safely managed water and sanitation is lacking, such 3.2
as Cambodia.

Increasing temperatures, rainfall and humidity will lead to increases in vector-borne diseases, significantly

impacting health. B
For Cambodia, the country faces a transition to a state of permanent heat stress because of increases in 33
temperature and humidity to levels which regularly surpass those safe for people. '

Increased evapotranspiration driven by higher temperatures, as well as sea-level rise will reduce coverage of 36

wetlands, change their composition, and reduce their functionality in Cambodia.
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Indonesia country profile

Report
section

Summary of climate analysis relevant to Indonesia

Indonesia experiences a tropical climate.

Indonesia has already experienced warming of 0.1 to 0.3 °C per decade from 1980 to 2015. Temperatures will
continue to rise in the future with an increased frequency and intensity of heatwaves. Rainfall trends in recent
decades show either a wetting or drying trend for central Indonesia, and no observed change during the dry
season for southern Indonesia. However, there has been a notable drying trend (wetting/drying trends refer to
increases/decreases in precipitation (rainfall and snowfall)) across southern Indonesia in all seasons in some
datasets. Future projections indicate high confidence in a wetting trend throughout the year for central 2
Indonesia, but some models show a drying trend. There is some evidence that southern Indonesia will be wetter
on average during November to March but there is a lack of consensus during June to October with both wetter
and drier scenarios plausible. Indonesia experiences frequent typhoons and these will continue to be a
significant feature of the climate, although there may be a small reduction in frequency but an increase in the
intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

. . . Report

Regional risks relevant to Indonesia Pe
section

Indonesia is one of the major rice-producing countries in Southeast Asia. Higher temperatures and the 31
prevalence of rainfed (vs irrigated) cropping will reduce rice yields significantly. '
Higher risks of crop, livestock and fishery damage from extreme events will increasingly hit farm incomes and
raise prices, at least periodically. In Indonesia, consumers already pay among the highest prices in Southeast 31
Asia for staples and nutritious food. Price rises/volatility could further affect nutrition outcomes and the '
prevalence of child stunting.
More frequent intense rainfall events and associated flash flooding, alongside rising temperatures, pose risks
to water quality and health especially where access to safely managed water and sanitation is lacking, such as 3.2
Indonesia.
Projected increases in the intensity and frequency of hot extremes threaten health. 3.3
Corals are threatened by rising sea surface temperatures and extreme weather events. 3.7
The existing pressures on fish stocks, such as overfishing and habitat destruction, exacerbate vulnerabilities
from rising sea surface temperatures, potentially causing a decrease in fisheries’ catch potential in Indonesian 3.7

waters.
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Lao People’s Democratic Republic (PDR)
country profile

Report
section

Summary of climate analysis relevant to Lao PDR

Lao People’s Democratic Republic (PDR) experiences a temperate climate in the north and a tropical climate
in the south.

Lao PDR has already experienced warming of 0.2 to 0.4 °C per decade from 1980 to 2015. Temperatures will
rise in the future across both northern and southern Lao PDR, with an increased frequency and intensity of
heatwaves. Lao PDR has generally become wetter (wetting/drying trends refer to increases/decreases in
precipitation (rainfall and snowfall)) over recent decades, particularly over higher elevation areas. Lao PDR
will become wetter on average in the future, mainly through the monsoon season June to October. Lao PDR
experiences typhoons and these will continue to be a feature of the climate, although there may be a small
reduction in frequency but an increase in the intensity of the strongest typhoons.

Report

Regional risks relevant to Lao PDR .
section

Increasing temperatures and higher rainfall variability (subsequent combination of heat stress, water stress,
and flooding) with other environmental pressures, is leading to a decline in rice productivity and rainfed
croplands. Crop heat stress is a key risk, with temperatures across the monsoon belt approaching critical
levels for rice, as well as wheat and maize. This risk will increase in the future as temperatures rise further.

3.1

More frequent intense rainfall events and associated flash flooding, alongside rising temperatures, pose risks
to water quality and health especially where access to safely managed water and sanitation is lacking, such 3.2
as Lao PDR.

Despite an overall contraction in risk, new areas of potential exposure to malaria may open at the fringes of
current transmission zones, particularly at higher elevations where cooler temperatures have hitherto 3.3
restricted transmission including the areas of Lao PDR that are currently malaria free.

Warming is projected to increase heat-related mortality and decrease cold-related mortality, redistributing
mortality rates. Impacts will be overwhelmingly heat-related particularly in tropical continental Southeast Asia 3.3
such as Lao PDR.
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Malaysia country profile

Summary of climate analysis relevant to Malaysia

Malaysia experiences a tropical climate.

Malaysia has already experienced warming of 0.1 to 0.4 °C per decade from 1980 to 2015. Temperatures will
continue to rise in the future with an increased frequency and intensity of heatwaves. Rainfall trends for recent
decades have shown considerable differences, with some datasets indicating a wetting trend and others a

drying trend. However, there is high confidence that Malaysia will become wetter (wetting/drying trends refer

to increases/decreases in precipitation (rainfall and snowfall)) on average throughout the year in the future, 2
although some models project a drying trend. Malaysia experiences frequent typhoons and these will continue

to be a significant feature of the climate, although there may be a small reduction in frequency but an increase

in the intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

. . . Report
Regional risks relevant to Malaysia P
section
Increasing temperatures, rainfall and humidity will lead to increases in vector-borne diseases, significantly 33

impacting health.

Projected increases in the intensity and frequency of hot extremes across the region pose significant risks to
health. Combinations of heat and humidity pose the biggest risks to health and are exacerbated when 3.3
overnight temperatures remain high.

Coastal settlements, especially coastal cities, face major threats from typhoons, storm sures and floods, as
well as sea-level rise exacerbated by land subsidence. Malaysian coastal cities have high populations further 3.5
enhancing risks.

Climate change is driving warmer sea surface temperatures which lead to more frequent and intense marine

heatwaves. Species living close to their thermal tolerance are particularly at risk, such as corals in Malaysia. i

Coral survival in the Coral Triangle, a one million square kilometer area between Philippines, Malaysia and
Indonesia and global hotspot of coral reef habitats and biodiversity, is threatened by rising sea surface 3.7
temperatures and extreme weather events.
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Myanmar country profile

Report
section

Summary of climate analysis relevant to Myanmar

Myanmar experiences a temperate climate in the north and a tropical climate in the south. The Irrawaddy
River is the principal river of Myanmar at about 2200km long, running through the centre of the country. The
Salween River also forms a short section of the border between Myanmar and Thailand.

Myanmar has already experienced warming of 0.2 to 0.4 °C per decade from 1980 to 2015. Temperatures

will rise in the future across the whole country, with an increased frequency and intensity of heatwaves.
Precipitation trends over recent decades show a drying trend (wetting/drying trends refer to
increases/decreases in precipitation (rainfall and snowfall)) in northern Myanmar, particularly over higher 2
elevation areas, while there has been a wetting trend in southern Myanmar. Both northern and southern
Myanmar, however, will become wetter on average in the future (medium confidence), primarily during the
monsoon season June to October. Myanmar experiences frequent typhoons, and these will continue to be a
significant feature of the climate, although there may be a small reduction in frequency but an increase in the
intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

. . Report

Regional risks relevant to Myanmar P
section

Myanmar is one of the major rice-producing countries in Southeast Asia. Higher temperatures and the 31
prevalence of rainfed (vs irrigated) cropping will reduce rice yields significantly. '
Increasing temperatures and higher rainfall variability (subsequent combination of heat stress, water stress,
and flooding) with other environmental pressures, is leading to a decline in rice productivity and rainfed 31
croplands. Crop heat stress is a key risk, with temperatures across the monsoon belt approaching critical '
levels for rice, as well as wheat and maize. This risk will increase in the future as temperatures rise further.
Agricultural droughts significantly impact rainfed crop production in central Myanmar and while projections of 31

dry spells are uncertain, there is evidence that they may increase, exacerbating existing issues.

Despite an overall contraction in risk, new areas of potential exposure to malaria may open at the fringes of
current transmission zones, particularly at higher elevations where cooler temperatures have hitherto 3.3
restricted transmission including the areas of Myanmar that are currently malaria free.

More frequent intense rainfall events and associated flash flooding, alongside rising temperatures, pose risks
to water quality and health especially where access to safely managed water and sanitation is lacking, such 3.2
as Myanmar.

Rising temperatures and heavy rainfall, typhoons and floods associated with climate change will increase

risks from diarrhoeal disease which is one of the leading causes of under five-year-old deaths in Myanmar. 3.3
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Philippines country profile

Report
section

Summary of climate analysis relevant to Philippines

Philippines experiences a tropical climate.

Philippines has already experienced warming of 0.1 to 0.3 °C per decade from 1980 to 2015. Temperatures

will continue to rise in the future with an increased frequency and intensity of heatwaves. Rainfall trends in

recent decades shows a drying tendency in the dry season and a significant wetting trend in the wet season.

There is medium confidence that Philippines will be wetter (wetting/drying trends refer to
increases/decreases in precipitation (rainfall and snowfall)) on average, especially during the southwest 2
monsoon (June to October). Philippines experiences the highest exposure to typhoons across the whole
Southeast Asia region. Philippines experiences frequent typhoons, and these will continue to be a significant
feature of the climate, although there may be a small reduction in frequency but an increase in the intensity

of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

. . A Report
Regional risks relevant to Philippines P
section
Increasing temperatures and higher rainfall variability (subsequent combination of heat stress, water stress,
and flooding) with other environmental pressures, is leading to a decline in rice productivity and rainfed 31

croplands. Crop heat stress is a key risk, with temperatures across the monsoon belt approaching critical
levels for rice, as well as wheat and maize. This risk will increase in the future as temperatures rise further.

Philippines is one of the biggest aquaculture producers in Southeast Asia and therefore stands to lose
significantly in terms of production and income due to typhoons, storm surges, flooding, and heatwaves — 3.1
hazards that are projected to increase in intensity.

Higher risks of crop, livestock and fishery damage from extreme events will increasingly hit farm incomes
and raise prices, at least periodically. Price rises/volatility could further affect nutrition outcomes and the 3.1
prevalence of child stunting as well as increase the number of people at risk of periodic hunger.

Rising temperatures and heavy rainfall, typhoons and floods associated with climate change will increase

risks from diarrhoeal disease which is one of the leading causes of under five-year-old deaths in Philippines. e

Coral survival in the Coral Triangle, a one million square kilometer area between Philippines, Malaysia and
Indonesia and global hotspot of coral reef habitats and biodiversity, is threatened by rising sea surface 3.7
temperatures and extreme weather events.
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Singapore country profile

Report
section

Summary of climate analysis relevant to Singapore

Singapore experiences a tropical climate.

Singapore has already experienced warming of 0.1 to 0.4 °C per decade from 1980 to 2015. Temperatures

will continue to rise in the future with an increased frequency and intensity of heatwaves. Rainfall trends in

recent decades show considerable differences, with some datasets indicating a wetting trend (wetting/drying

trends refer to increases/decreases in precipitation (rainfall and snowfall)), and others a drying trend.
However, there is high confidence that Singapore will be wetter in the future on average throughout the year, 2
although some models project a drying trend.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.

. . . Report

Regional risks relevant to Singapore »
section

Projected increases in the intensity and frequency of hot extremes across the region pose significant risks to
health. Combinations of heat and humidity pose the biggest risks to health and are exacerbated when 3.3
overnight temperatures remain high.
Although the contribution of climate change to air pollution-related mortality and morbidity remains uncertain, 3.3
pollution generally is a growing threat and a leading cause of mortality and morbidity across Southeast Asia.
Coastal settlements, especially coastal cities, face major threats from typhoons, storm sures and floods, as 34
well as sea-level rise exacerbated by land subsidence.
Climate change is driving warmer sea surface temperatures which lead to more frequent and intense marine 3.7

heatwaves. Species living close to their thermal tolerance are particularly at risk, such as corals in Singapore,
are most at risk.
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Report

Summary of climate analysis relevant to Thailand -
section

Thailand experiences a tropical climate. Important rivers include the Salween River which has a short section
forming the border of Thailand and Myanmar.

Thailand has already experienced warming of 0.2 to 0.3 °C per decade from 1980 to 2015. Temperatures will
rise in the future, however, with an increased frequency and intensity of heatwaves. Precipitation in recent
decades show a drying trend. However, Thailand will become wetter (wetting/drying trends refer to 2
increases/decreases in precipitation (rainfall and snowfall)) on average in the future (medium confidence),
mainly during the monsoon season June to October. Thailand will continue to experience infrequent typhoons,
although there may be a small reduction in frequency but an increase in the intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.
Report

Regional risks relevant to Thailand .
section

Thailand is one of the most at-risk areas for crop heat stress especially where temperatures are already
approaching critical levels, and which are projected to continue rising both in averages and extremes, during 3.1
susceptible stages of plant growth and grain filling.

The combination of heat and water stress because of increasing temperatures and higher rainfall variability,
impacts rainfed agriculture. Droughts already cause significant yield losses in northern Thailand, therefore

further temperature rises and rainfall variability in the future will increase yield losses, impacting food S
insecurity.
Hot extremes in summer are expected to increase in frequency in the future in Thailand, which will increase 33

the risk of heat-related mortality.

As temperatures rise and rainfall variability increases, high temperatures and low rainfall events will increase
the risk of drought. This may be associated particularly with El Nifio events. These drought conditions may 3.3
increase the risk of fire events with fire events becoming potentially more severe.

As rainfall variability increases, heavy rainfall events will increase the risk of flooding in places such as

Bangkok, causing economic losses. 34

Sea-level rise will significantly impact Thailand with Bangkok already being the topmost vulnerable city to sea-

level rise in the world. Sea-level rise also threatens the sustainability of tourism throughout Thailand. Sea- 3.4, 3.6,
level rise combined with sea surface temperature increases and ocean acidification will impact the natural 3.7
marine environment.
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Timor-Leste country profile

. . . Report
Summary of climate analysis relevant to Timor-Leste P
section
Timor-Leste experiences a tropical climate.
Timor-Leste has already experience warming of 0.1 to 0.3 °C per decade from 1980 to 2015. Temperatures
will continue to rise in the future with an increased frequency and intensity of heatwaves. Rainfall trends show
a notable drying trend (wetting/drying trends refer to increases/decreases in precipitation (rainfall and
snowfall)) for Timor-Leste, which is consistent through all seasons. There is some evidence that Timor-Leste
will become wetter on average during November to March (the wet season) but there is a lack of consensus 2
during June to October (the dry season) with both wetter and drier scenarios plausible.
Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.
. . . Report
Regional risks relevant to Timor-Leste P
section
Rising temperatures and heavy rainfall, typhoons and floods associated with climate change will increase 33

risks from diarrhoeal disease which is one of the leading causes of under five-year-old deaths in Timor-Leste.

More frequent intense rainfall events and associated flash flooding, alongside rising temperatures, pose risks
to water quality and health especially where access to safely managed water and sanitation is lacking, such 3.2
as Timor-Leste.

Projected increases in the intensity and frequency of hot extremes across the region pose significant risks to
health. Combinations of heat and humidity pose the biggest risks to health and are exacerbated when 3.3
overnight temperatures remain high.

The extremely low-lying capital city Dili is particularly at risk of coastal flooding from sea-level rise. 3.7
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Viet Nam country profile

Report
section

Summary of climate analysis relevant to Viet Nam

Viet Nam experiences a temperate climate in the north and a tropical climate in the south. Important rivers
include the Mekong River which stretches nearly 5000km from source on the Tibetan Plateau in China to the
Mekong Delta in southern Viet Nam.

Viet Nam has already experienced warming of 0.2 to 0.4 °C per decade from 1980 to 2015. Temperatures
will continue rise in the future across the country with an increased frequency and intensity of heatwaves.
Precipitation trends for recent decades show a drying trend (wetting/drying trends refer to
increases/decreases in precipitation (rainfall and snowfall)) for northern Viet Nam and a wetting trend for
southern Viet Nam. However, both northern and southern Viet Nam will become wetter on average in the
future, especially during the monsoon season June to October. Viet Nam experiences frequent typhoons and
these will continue to be a significant feature of the climate, although there may be a small reduction in
frequency but an increase in the intensity of the strongest typhoons.

Sea levels will continue to rise in the future. Marine heatwaves will become more frequent as sea surface
temperatures continue to rise.
Report

Regional risks relevant to Viet Nam -
section

Increasing temperatures and higher rainfall variability (subsequent combination of heat stress, water stress,
and flooding) with other environmental pressures, is leading to a decline in rice productivity and rainfed
croplands. Crop heat stress is a key risk, with temperatures across the monsoon belt approaching critical
levels for rice, as well as wheat and maize. This risk will increase in the future as temperatures rise further.

3.1

Sea-level rise will significantly impact Viet Nam with Ho Chi Minh city already being the second most
vulnerable city to sea-level rise in the world (2050 Climate Change City IndexErrer! Bookmark notdefined.) Seg_|gvel r
ise also threatens the sustainability of tourism throughout Thailand. Sea-level rise combined with sea surface
temperature increases and ocean acidification will impact the natural marine environment.

3.4

Asia’s deltas, including the Mekong and Red River deltas in Viet Nam, account for major shares of rice
production for export and domestic consumption in Southeast Asia. They are threatened by rising sea levels, 3.1
saline intrusion, and more intense typhoons.

Despite an overall contraction in risk, new areas of potential exposure to malaria may open at the fringes of
current transmission zones, particularly at higher elevations where cooler temperatures have hitherto 3.3
restricted transmission including the areas of Viet Nam that are currently malaria free.

Warming is projected to increase heat-related mortality and decrease cold-related mortality, redistributing
mortality rates. Impacts will be overwhelmingly heat-related particularly in tropical continental Southeast Asia 3.3
such as Viet Nam.

21

Hadley Centre

© Crown Copyright 2024 Met Office



E

P Image location: Langkawi Island, Malaysia
= Met Office :

Hadley Centre

Source: © Crown Copyright 2024, Met Office




1 Introduction

Lead authors: Luke Norris, Rebecca Osborne, Hannah Griffith and Kirsty Lewis

1.1 Purpose of this report

The current climate has already undergone significant changes to which some aspects of
human and ecological systems are not well adapted. This report provides an evidence base
on the Southeast Asia region’s changing climate and highlights some key climate risks these
regions will or may face up to the 2050s" within the lens of pre-existing and future socio-
economic risks and stressors.

It forms part of a series of climate risk reports which aim to contextualise climate variability
and change in the context of the socio-economic exposure and vulnerability in ODA-eligible
regions of Africa and Asia, produced through a collaboration between the Met Office and ODI,
and funded by FCDO. The reports provide accessible and authoritative evidence to the UK
Government on climate risk in support of adaptation and resilience planning and investments.
They present a top-level regional overview of potential risks to development associated with
climate and climate change out to the 2050s, signposting key issues and complexities.

The reports look at climate risk as a combination of hazard, exposure, and vulnerability. Each
report captures critical information about the weather and climate which is evaluated in the
context of the lives and livelihoods of the populations affected. This risk-based approach helps
to frame the challenges of climate change in a way that can best inform action. The climate
risk reports frame evidence to inform UK development programming and actions that support
climate resilience in current and future climate and in current and future complex human-
environment systems.

These reports aim to inform UK Government’s long-term planning and design of development
programmes, including supporting the compliance of these programmes with mandatory
climate risk assurance. For the geographic scope of this report, Southeast Asia includes
Brunei Darussalam, Cambodia, Indonesia, Lao People’s Democratic Republic (Lao PDR),
Malaysia, Myanmar, Philippines, Singapore, Thailand, Timor-Leste, and Viet Nam (Figure 1).
Key aspects of the region, such as the elevation of the region and population densities, are
also shown in Figure 2 (topography and population maps).

" In climate modelling, 2050s refers to the period 2041-2060.
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Figure 1: Countries included in the Southeast Asia region for this report.
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Figure 2: Topographic map (left; adapted from Liu et al., 2023) and total population map (right; data from WorldPop, 2018) of Southeast Asia and the Maritime Continent. Population data shows

number of inhabitants per 1km grid square.
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1.2 Report structure and risk-informed development

The Executive Summary outlines
headline risks per theme, with
context drawn from the report
sections. This summary provides
an overview of key climate related
risks across the region. The
summary is ftranslated into 2
languages for ease of sharing with
regional partners.

The Headline Risk
Infographic contains
standalone statements on
headline key risks across
the region. This infographic
can be used to identify the
key risks by thematic area.
This infographic is
translated into 2 languages
for ease of sharing with
regional partners.

Country Profiles outline
prominent climate risks for
individual countries. The tables
signpost to relevant sections in the

* report with more detail.

Section 1 outlines the
purpose, methodology and
the regional development
context through which this
report has been framed.
This section can be used to
understand the lenses
through which the report
has been written.

= with an

Section 2 provides an assessment
of the region’s climate. It begins
overview of climate

_E resilience and vulnerability of the

region and then it provides a
summary of knowledge about the
current climate and its future
evolution at the regional scale.

‘Cimate 5K report or (he Southeast Asia fegion.
Technical Reference Document

The Technical Reference
Document (TRD) accompanies
this report to provide more detail
on the methods, data and analysis
supporting the assessment in this
report. The TRD also contains a
glossary of terms and a table of
acronyms.

Section 3 assesses future

climate risk by bringing
together future climate
analysis with socio-

economic analysis of future
resilience and vulnerability
across seven key themes:
agriculture and food
security; water resources

and water-dependent
services; health;
infrastructure and
settlements; energy;

environment; and blue
economy and the marine
environment. This section
provides headline
statements  about key
climate-related risks.

Figure 4 (page 28) shows an infographic depicting the Climate in Context Methodology for the
Climate Risk Reports. Further information regarding the data used and detailed methodology
can be found in Section A of the TRD and on the Met Office website here.

= Met Office

Hadley Centre
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Focus Box 1 explains why it is necessary to consider both exposure and vulnerability to climate
hazards and the need for an interdisciplinary approach when interpreting compound risks
associated with, or exacerbated by, climate change. Information on risk-informed development
can be found in TRD Section A.

Focus Box 1: Exposure, vulnerability, response, and development

Risks are created by the interaction between physical climate hazards and individual or
community exposure and vulnerability to those hazards, as well as people’s ability to respond
(Figure 3, Begum et al., 2022). Exposure and vulnerability are separate, yet both emerge from
socio-economic contexts and are exacerbated by uneven development dynamics such as: rapid
urbanisation and demographic change, environmental degradation, weak governance, and lack
of economic opportunity. IPCC ARG also now considers response as an important component of
risk and examines the effectiveness of adaptation solutions, the management of risks at higher
levels of warming if climate change mitigation is unsuccessful, and the benefits of mitigation and
emissions reductions (Begum et al., 2022).

The components of risk (hazard, vulnerability, exposure, and response) interact in complex ways
(Figure 3, Begum et al., 2022). They can compound in single or multiple directions, cascade (e.g.,
with one event triggering another) and aggregate (e.g., more than one component occurring
simultaneously).

Climate vulnerability and poverty are often mutually reinforcing. A growing body of evidence
highlights the role climate risk plays in generating poverty and creating poverty traps (Hansen et
al., 2019; Sachs et al., 2004), a problem often exacerbated by the political marginalisation of many
poor and climate vulnerable people (Wisner et al., 2003).

Climate change is interwoven with development challenges across the Sustainable Development
Goals (SDGs). As factors such as economic inequality, education, gender, nutrition, and health
shape the risk profile of individuals and communities, supporting sustainable development
indirectly supports their capacity for managing climate risk (Wisner et al., 2003; Schipper and

Pelling, 2006).
Hazard
®
®
*0e*
©
®

Figure 3: Climate risk is the product of the hazard, vulnerability and exposure to the hazard and the response to the
hazard which interact in complex ways: compounding in single or multiple directions, cascading and/or aggregating.
Image adapted from IPCC AR6 Working Group Il (Begum et al., 2022).
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Z MetOffice | |sDaasmmonce  Climate in Context: Methodology

An interdisciplinary approach for the analysis and communication of regional climate-related risks within complex socio-economic systems to inform adaptation and climate resilient development.

Writeshops Analysis components

-related rj
Writing workshops bring together the c\'_ﬁ‘\a‘te sks to d,
socio-economic and climate experts to collectively
explore, define, and review the key messages
relating to regional climate risk. The scientists work
together in an open, trusting environment that
allows for probing questions to be asked across
disciplines ta bring together their collective
knowledge and generate new insights on the
intersection of climate-related risk with

developrnent priorities.

An interdisciplinary and collaborative
approach is taken to bring together multiple
sources of information in writeshops.

The socio-economic
and climate experts bring their
knowledge together in a series of writeshops:
» Questions are posed across the disciplines, leading to
deeper research on the intersection of climate and development.

» Complexities, uncertainties and interpretation nuances are
explained to allow deeper engagement ‘across the divide”.

+ Shared understanding is built and inaccuracies
are quickly corrected.

Socio-
economic
experts

The findings are framed
and tailored to the users'
needs through:

Bespoke
climate
data analysis

+» Development stakeholders

describe their priorities to
ensure the research is
framed appropriately.

—/ = Socio-economic
&

xperts summarise the broad
= Co-designed infographics development issues in the region.
of key climate risks.

New
insights for
development

« A co-produced report
with layering of detail.

Analysis
of physical
climate risk

« Climate experts provide

+ User dissemnination an overview of current and

meetings and online future climate using existing
publication of literature and tools.

materials.
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Figure 4: The Climate in Context Methodology for the Climate Risk Reports. Full methodology report citation: Richardson, K., Lewis, K., Osborne, R., Doherty, A., Mayhew, L. and Burgin, L. (2022) Climate in

context: An interdisciplinary approach for climate risk analysis and communication, Met Office Hadley Centre. Further information regarding the data used and detailed methodology can be found in Section A
of the TRD and on the Met Office website here. 28
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2 Current and future climate in the Southeast Asia

region
Lead authors: Luke Norris, Roger Calow, Katy Richardson, Kate Salmon, Rebecca Osborne, Hannah
Griffith, Cathryn Fox, Amy Doherty and Rebecca Sawyer

2.1 Climate resilience and vulnerability overview for the Southeast
Asia region

Vulnerability across the region is strongly associated with persistent poverty, high levels of
inequality, and growing pressure on natural resources. Southeast Asia is home to roughly 690
million people — about 8% of the world population — with Indonesia, Philippines, and Viet Nam
accounting for 70% of the regional total (UN World Population Prospects data for 2022 — see
TRD Section F). Southeast Asian countries have experienced strong economic growth over
the last two decades, in many cases doubling their GDP, and are now returning to growth after
Covid-19 disruptions (IEA, 2022).

Just over half of the region’s population (51%) currently live in urban areas, but the rapid pace
of urbanisation driven by natural growth, rural-urban migration, and the transformation of rural
villages/towns into urban centres will see that percentage rise to around 56% by 2030 and
over 60% by 2050 (ASEAN, 2022). This will increase pressure on the fragile and overstretched
infrastructure, alongside the expansion of informal settlements lacking one or more basic living
conditions or services (e.g., improved sanitation, durable housing, water, electricity etc.)
(World Bank, 2020).

Across Southeast Asia, there are concerns over the severe and persistent shortage of quality
infrastructure, with existing and emerging climate hazards highlighting gaps in provision and
posing threats to existing assets and services (Hallegatte et al., 2019; ESCAP, 2020).
According to the EM-DAT database (the International Disaster Database), between 1995 and
2022, climate-related disasters? inflicted a total of 1,86,020 human fatalities in Southeast Asia
(CRED-EM-DAT, 2023). On average, such disasters have affected (e.g., injured, displaced)
nearly 13.5 million people annually and caused an average annual economic loss of USD 6
billion across the region over the same period (CRED-EM-DAT, 2023). A majority (more than
75%) of these impacts were caused by floods and typhoons. In 2023, a total of 79 disasters
associated with hydrometeorological hazards were reported across Asia. Of these, 80% were
associated with flood and storm events, with storms affecting the largest number of people
and causing the most economic damage during 2023 (WMO, 2024). While trends in human
lives lost have declined due to improvements in disaster preparedness and emergency
response, such events still affect millions of people annually (disproportionately affecting
poorer households) and cause large-scale economic losses and damages to infrastructure
and economies (Panwar and Sen, 2019; Tasri et al., 2022).

2 Climate-related disasters include heavy rains and subsequent floods and landslides, storms, droughts,
cold waves, and heat waves.
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Lower-income populations living in the region’s informal settlements are most vulnerable to
climate-related hazards, particularly intense rainfall, pluvial floods, and heatwaves (Shaw et
al., 2022; Caretta et al., 2022; Dodman et al., 2022), as they are more likely to be pushed into
low-lying, flood-prone areas where land is cheaper and more easily accessible (Hallegatte,
2016; Dodman et al., 2022). Over 20 million urban residents are already at high risk from
pluvial floods, mainly in Viet Nam (10 million), Cambodia (4 million), and Indonesia (3 million)
(FAO, UNICEF, WFP and WHO, 2023). Farming is also becoming increasingly feminised as
men (mainly) seek off-farm employment, leaving women more exposed to climate-related
stresses, amplified by their lower incomes and reduced access to credit, property, extension
services, and other resources creating a key source of vulnerability for the rural poor whose
income is directly tied to the status of the agricultural economy (ADB, 2017; 2021a).

The countries of Southeast Asia have made significant progress on health and broader social
development outcomes over the last three decades, despite recent disruptions from the Covid-
19 pandemic and (in Myanmar) conflict and state fragility. Between 1990 and 2020, the rate
of child (under 5 years old) mortality in the region declined by 70%, life expectancy increased
by 10 years (IHME-GBD, 2019), and all countries graduated to middle-income status or, in the
case of Brunei Darussalam and Singapore, high-income status, with major increases in health
expenditure (WHO, 2019a). Regional trends obscure major disparities in health access and
outcomes between and within countries, however, linked to economic status (e.g., poverty),
location (rural, urban, informal settlement), age, gender and ethnicity. The safety nets that
protect people from economic shocks remain precariously thin in some countries (Myanmar
and Lao PDR especially — World Bank, 2019 data), and out-of-pocket health financing®
exceeds 40% in Myanmar, Lao PDR, Viet Nam, Cambodia, and Philippines, increasing
peoples’ vulnerability to shocks (WHO, 2019b).

All Southeast Asian countries, with the exception of landlocked Lao PDR, are maritime
nations. The region hosts one of the world’s most extensive and diverse marine eco-regions
and is considered a global hotspot for both its marine biodiversity and the potential of its blue
economy to power economic growth (ADB, 2021b). Within the ASEAN* region, roughly 625
million people depend on the ocean for their livelihoods, significantly more than most other
global regions. The compound effect of multiple climate hazards (sea-level rise, extreme
weather events, marine heatwaves, and ocean acidification — see Section 2.2) and the impacts
of pollution, coastal habitat destruction and overfishing, are putting the coastal economies of
the region under growing pressures, impacting the livelihoods of the poorest communities
(ADB, 2021b).

2.2 Climate overview for the Southeast Asia region

The Southeast Asia region experiences a predominantly maritime climate (where the influence
from the surrounding ocean is strong) in the southern maritime countries (Philippines,
Indonesia, Timor-Leste, Malaysia, Singapore, and Brunei Darussalam) and a tropical climate
in the northern continental countries (Myanmar, Lao PDR, Viet Nam, Thailand, and

3 Out-of-pocket payments are spending on health directly by households.

4 The Association of Southeast Asian Nations (ASEAN), established in 1967, currently includes 10
member states: Indonesia, Malaysia, Philippines, Singapore, Thailand, Brunei Darussalam, Viet Nam,
Lao PDR, Myanmar and Cambodia.
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Cambodia). The far north of the region and north-east Thailand experiences a more temperate
climate. Southeast Asia is situated between the Indian and Pacific Oceans with annual mean
sea surface temperatures around the region ranging from 25-32°C. The cooler sea surface
temperatures are situated to the far north and south of the region and the warmest
temperatures along the equator.

Southeast Asia experiences high levels of climate variability on timescales of days, to months,
to years due to many large-scale climate systems affecting the region. One example is the El
Nifio Southern Oscillation (ENSO) which has a 3—7-year cycle and affects the region during
its Neutral, El Nifio and La Nifia phases (see TRD for more details). El Nifio generally leads to
drier, cooler conditions across Southeast Asia and conversely La Nifia brings wetter and
warmer conditions. Much of Southeast Asia is also affected by western Pacific and Australian
typhoon seasons, with Philippines having the highest exposure to typhoons. Elevations above
~1500m, where average annual temperatures are cooler, are found throughout the majority of
the region including mountainous areas of the Maritime Continent (here defined as the
countries of Philippines, Indonesia, Timor-Leste, Malaysia, Singapore, and Brunei
Darussalam) (Figure 2). Elsewhere, temperatures are very warm with the highest
temperatures occurring in areas away from coasts.

Three major river basins are found in continental Southeast Asia: the Mekong, Salween, and
Irrawaddy Basins. The Mekong River stretches nearly 5000km from its source on the Tibetan
Plateau in China to the Mekong Delta in southern Viet Nam. The Salween River runs through
southwest China and eastern Myanmar with a short section forming the border of Myanmar
and Thailand. The Irrawaddy River is the principal river of Myanmar at about 2200km long,
running through the centre of the country.

2.2.1 Regional climate overview and observed trends

Maritime Southeast Asia (defined here as Philippines, Indonesia, Timor-Leste, Malaysia,
Singapore, and Brunei Darussalam) experiences a tropical climate which is affected by the
East Asian and Indo-Australian Monsoons. These are the main broadscale drivers of rainfall
which define the wet and dry seasons. The South West (SW) monsoon is active June to
September which brings the wet season to western Philippines and dry conditions for the rest
of the Maritime Continent, especially Java. The North East (NE) monsoon is active November
to April and signals a reverse of these conditions. Seasonal variability in precipitation is also
influenced by the migration of the Intertropical Convergence Zone (ITCZ) as it shifts north
through Boreal summer and south again for Austral summer®. Much of the Maritime Continent
of Southeast Asia experiences frequent typhoons.

Northern maritime Southeast Asia (Philippines) experiences a tropical climate with
temperatures remaining around 20-30°C throughout the year. There is a pronounced, but
highly variable, cycle of precipitation within the year with the majority of rainfall falling through
May to October which is mainly due to typhoon activity (Matsumoto et al., 2020). Philippines
has the highest exposure to typhoons across the whole Southeast Asia region.

5For more information on the movement of the ITCZ see the Met Office website here:
https://www.metoffice.gov.uk/weather/learn-about/weather/atmosphere/intertropical-convergence-
zone
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Central maritime Southeast Asia (Indonesia, Malaysia, Singapore, and Brunei Darussalam)
experiences a tropical climate. Temperatures have extremely low annual variability, remaining
around 25°C throughout the year on average. Rainfall occurs all year round with the highest
levels through October to April. It experiences lower annual precipitation variability without any
clearly defined wet or dry season, compared to northern and southern maritime areas which
have more distinct seasons.

Southern maritime Southeast Asia (Indonesia and Timor-Leste) experiences a tropical
climate. The annual cycle of temperature is very low with year-round temperatures typically
remaining around 25°C. There is a pronounced annual cycle in precipitation with most rainfall
occurring between November to March and a distinct drier season between June to
September. However, there is moderate variability in the amount of precipitation year to year.

Continental Southeast Asia (Myanmar, Lao PDR, Viet Nam, Thailand, and Cambodia)
experiences a temperate climate to the north, and a tropical climate in central and southern
parts. Rainfall has a pronounced annual cycle with the East Asian and Indo-Australian
Monsoons being the main broadscale drivers of rainfall which define wet and dry seasons.
The Southwest monsoon from June to October, bringing the wet season to continental
Southeast Asia. The Northeast monsoon (dry season) is active November to April. Continental
Southeast Asia experiences frequent typhoons.

Northern parts of continental Southeast Asia (northern Myanmar, northern Lao PDR, and
northern Viet Nam) experience a temperate climate. There is a very pronounced annual cycle
for precipitation driven by the East Asian Monsoon, whereas temperature ranges are less
variable and remain mostly temperate throughout the year (daily mean temperature annual
range is 12°C - 25°C), rarely reaching below 10°C in the coldest months. Annual average
temperatures are the lowest in the mountainous regions of these parts of Southeast Asia
where (alongside northern Thailand) they have the highest elevations (between 2000-5000m).
These mountainous areas also experience high annual precipitation.

Central and southern parts of continental Southeast Asia (southern Myanmar, southern
Lao PDR, southern Viet Nam, Thailand, and Cambodia) experience a tropical climate. Mean
daily temperatures ranging from 22°C to 29°C annually, rarely dropping below 20°C in the
coolest months. Precipitation has a pronounced annual cycle driven by the Indo-Australian
monsoon, with the wet season occurring between May and October and a dry season from
November to March. The coasts of southern Myanmar, Thailand, Cambodia, and south Viet
Nam experience particularly high annual average precipitation while inland areas generally
experience lower precipitation in comparison. Northern Thailand, alongside northern Viet Nam
and northern Lao PDR, have the highest elevations across Southeast Asia (between 2000-
5000m) and experience high annual precipitation in particular with snowfall occurring at
highest elevations. Annual mean sea surface temperatures around the coast of Viet Nam show
some of the largest seasonal variability in the whole Southeast Asia region.

Observed trends in regional climate for Southeast Asia

A long-term warming trend in annual mean surface temperature has been observed
across Asia during 1960-2015° and the warming accelerated after the 1970s (Shaw et

6 Latest available reanalysis data for the IPCC Southeast Asia region.
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al., 2022). Observational records show that Southeast Asia’s average annual atmospheric
temperatures over land increased by 0.5°C from 1980 to 2015. Warming rates range from 0.1-
0.3° C per decade across most of the region (CRU TS data 1980-2015 from Harris et al.,
2020), with southern regions such as Java and Timor-Leste showing little change or a slight
cooling. Minimum temperatures have increased more rapidly than maximum temperatures.
Rising minimum and maximum temperatures have resulted in more frequent warm days and
nights, and less frequent cold days and nights (Shaw et al., 2022). Heat waves are becoming
more frequent, longer lasting, and more intense in most parts of Southeast Asia (Li et al.,
2022).

Between 1951-2007, a wetting trend, and an increase in extreme rainfall events (both
frequency and intensity), especially during the winter monsoon period during La Nifa
episodes, has been observed across Continental Southeast Asia and central and eastern
Philippines. Extreme daily rainfall values in these regions have increased by up to 30mm/day
(Villafuerte and Matsumoto, 2015).

Numbers of typhoons of Tropical Storm strength (263 km/h) show no significant long-
term trend during 1951-2017 (IPCC, 2021a). However, the average position of typhoon
tracks in the region has shown a significant north-westward shift since the 1980s, increasing
exposure to regions including Taiwan and eastern China. The average latitude at which
typhoons reach their peak intensity in the western North Pacific has had a detectable poleward
shift (or higher latitudes) since the 1940s (Lee et al., 2020).

Maritime Southeast Asia

In northern maritime Southeast Asia (Philippines), mean annual temperatures have
risen by around 0.1- 0.3°C per decade, from 1980 to 2015 (ERAS5 (Hersbach et al., 2020,
APRHRODITE (Yatagai et al., 2012) and CRU TS (Harris et al., 2020)). There was a drying
tendency in the dry season and significant wetting in the wet season in Philippines during
1951-2010 (Villafuerte et al., 2014). Philippines are particularly affected by typhoons and
Takayabu et al., (2015) found that human induced climate change may have worsened the
extent of storm surge during Typhoon Haiyan by 20%.

In central maritime Southeast Asia (Indonesia, Malaysia, Singapore, and Brunei
Darussalam) mean annual temperatures have risen by around 0.1-0.4°C per decade,
from 1980 to 2015 (ERA5, APRHRODITE, CRU TS). Precipitation observational datasets
overall show a slight wetting trend, in the order of 0.1-0.5 mm/day per decade between 1980-
2015 (APHRODITE), across all Southeast Asia. Between July and October 2015, a strong El
Nifo event combined with human-induced climate change substantially increased the
likelihood of both heatwave and drought conditions across Indonesia (King et al., 2016).

In southern maritime Southeast Asia (Indonesia and Timor-Leste) mean annual
temperatures have risen by around 0.1-0.3°C per decade from 1980 to 2015 (ERA5 and
CRU TS). The occurrence of the marine heatwave of 2016 was shown to have been up to 50
times more likely as a result of human-induced climate change (Oliver et al., 2018). This
marine heatwave persisted for 298 days, the longest on record for this region, with an average
intensity of 2°C (Iskandar et al., 2021). Precipitation has generally increased by around 0.2-
0.5mm/day per decade, although this trend is less evident across Java and southern Sumatra
where there has been little change.
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Continental Southeast Asia

In northern parts of continental Southeast Asia (northern Myanmar, northern Lao PDR
and northern Viet Nam) mean annual temperatures have risen by around 0.2-0.4°C per
decade from 1980 to 2015 (ERA5, APRHRODITE, CRU TS), with the largest increases
during the dry season (November-March). Maximum average monthly temperatures have
increased by approximately 3°C, and now reach a peak of 30°C in May. Observation datasets
(GPCC and APHRODITE data, 1980-2015) show a drying trend, particularly over higher
altitude regions and this is supported by ERA5 data (1981-2010) where reductions in monthly
rainfall totals of around 50-100 mm (i.e., an annual reduction of 600-1200mm). Whilst overall
rainfall is decreasing, extreme rainfall events have continued, and will continue to impact this
region. For example, October 2020 brought persistent extreme rainfall to parts of central and
northern Viet Nam, as a result of a series of cyclones (two of which were typhoon strength).
Human-induced climate change had a negligible effect on the likelihood of this event occurring
when compared to climate variability, illustrating that rainfall variability continues to be high
(Luu et al., 2021).

Average mean temperature across central and southern parts of continental Southeast
Asia (southern Myanmar, southern Lao PDR, southern Viet Nam, Thailand, and
Cambodia) have risen by around 0.2-0.3°C per decade from 1980 to 2015 (ERAS5,
APRHRODITE, CRU TS). Similarly, maximum average monthly temperatures have increased
by approximately ~0.4°C since 1981 and can reach a peak of 35°C in April. There is an
observed wetting trend over much of the region, except for the central region of Cambodia
and Thailand, where there is a drying trend (GPCC and APHRODITE, 1980-2015). There are
some clear trends at seasonal timescales for some regions including slight wetting in Viet Nam
during 1980-2017 (Stojanovic et al., 2020). Human-induced climate change has been shown
to increase the magnitude and frequency of flooding events in the Lancang-Mekong river basin
by 14% and 45% respectively, although the effective management of reservoirs as a buffer
more than offset this effect (Yun et al., 2020).
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Figure 5: Baseline climate for the Southeast Asia region for the period 1981-2010. Maps show climatological
average values of annual mean a) total precipitation (mm/year); b) mean temperature (°C); ¢) minimum
temperature (°C); and d) maximum temperature (°C). Temperature and precipitation data come from ERAS
reanalysis dataset. These maps represent the average annual values over the 30-year baseline climate period.
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Figure 6: Seasonally averaged mean temperature (top) and total precipitation (bottom) for the Southeast
Asia region over the baseline period (1981-2010) from the ERAS reanalysis.
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Focus Box 2: Event Attribution

Climate attribution of long-term trends or individual extreme weather events such as a heatwave, a
flood, or a drought, identifies whether and to what extent human-caused greenhouse gas emissions
are influencing weather and climate.

Geographical coverage of attribution assessments is uneven, and many more studies have been
conducted for events in developed countries than for countries in the global south. Confidence in
climate attribution analysis relies on high quality observational records, climate models’ abilities to
simulate a particular type of event, and scientific understanding of how natural variability and climate
change may influence the processes that cause the event. The availability of this information varies
for each extreme event and region, posing a particular barrier to attribution studies in the Global
South.

There is currently a deficiency in longer time series observation records across Southeast
Asia, which are essential to enable and inform such attribution studies.

The attribution of weather and climate-related events for Southeast Asia is discussed in more detail
in TRD Section D.

2.2.2 Future climate over Southeast Asia

As stated in Section A of the Technical Reference Document, future climate over Southeast
Asia is interpreted under a ‘high greenhouse gas emissions pathway’ (RCP8.5), or ‘fossil-fuel
driven development’ scenario (SSP5-8.5) to model future climate evolution until 2050s unless
otherwise stated.

The section below presents the projected trends applicable to the whole Southeast Asia
region, then details further trends specific to either Continental Southeast Asia or Maritime
Southeast Asia. To supplement the information below, readers are referred to the
accompanying TRDs and the Country Reference Tables. For more detailed climate
information at national level, a separate analysis would be required.

Mean temperature in Southeast Asia will continue to rise through 2050 (virtually certain,
very high confidence) across the whole region, but likely by a slightly smaller amount
than the global average (Gutiérrez et al., 2021b). Projected changes by the 2050s, relative
to a 1981-2010 baseline and under both medium and high emission scenarios, are in the
range of 0.5-2.5°C and 1-3.5°C across the region respectively, illustrating the sensitive
relationship between greenhouse gas emissions and projected warming, even by 2050. Model
projections for inland continental Southeast Asia (Lao PDR and northern Thailand) suggest a
higher rate of warming compared to the rest of the region.

By the 2050s, both minimum and maximum temperatures are projected to increase by
around 1.0-2.0°C across Southeast Asia under medium and high emission scenarios
(Gutiérrez et al., 2021b). The frequency and intensity of heatwaves across the whole of
Southeast Asia are also expected to increase, and the frequency and intensity of cold waves
(several days of temperatures below average) are expected to decrease. Compared to the
baseline climate, the number of days above 35°C is expected to increase by over 40 days per
year across all but mountainous areas, while days above 40°C are projected to increase by
around 10-30 days per year across inland parts of Thailand, Lao PDR, and Myanmar. Most
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notably, there could be 300 heatwave days’ per year in densely populated regions of
Southeast Asia by the end of the century under a high emission scenario (Almazroui et al.,
2021). The level of regional warming primarily drives changes in the frequency and duration
of heatwaves over Southeast Asia, but it is both warming level and the additional influence of
ENSO that impact the amplitude (highest temperature of the hottest yearly heatwave event)
of heatwaves (Dong et al., 2021). During strong EI Nifio episodes, the intensity of heatwaves
is amplified, and conversely La Nifia has a dampening effect on heatwave intensity. The level
of future heat stress, which is a combination of heat and humidity, on populations is projected
to increase significantly in frequency and severity through the Tropics including the Maritime
Continent (Im et al., 2018) where moist heatwaves are likely to be an increasing hazard, but
research is currently limited in this area due to data availability (Dong et al., 2021). Moist
heatwaves occur when high temperatures coincide with higher than average humidity leading
to an increase in heat stress which has negative implications for society ranging from health
impacts (as human bodies struggle to effectively cool themselves) to increased energy
demand (as air-conditioning usage increases, for instance).

For Myanmar, Lao PDR and Viet Nam warming between 1 to 3.5°C by the 2050s is expected
as annual temperatures increase with increased frequency and intensity of heatwaves. For
Philippines, Indonesia, Malaysia, Singapore, Brunei Darussalam and Timor-Leste
warming is expected between 1 and 3°C as annual temperatures increase with an increased
frequency and intensity of heatwaves (for further sub-regional analysis, see section E in the
accompanying TRDs, and country summaries).

Across Southeast Asia, overall confidence in projected average rainfall change by 2050
is low as higher resolution regional climate models project greater variability and a
contrasting trend to the lower resolution CMIP global models. In short, both wetter and
drier scenarios are plausible across much of the region.

Global climate models (CMIP5 and CMIP6) project an increase in annual mean rainfall
across Southeast Asia by 2050, but only with strong agreement at higher warming
levels (Gutiérrez et al., 2021b). This increase is most pronounced across continental
Southeast Asia, especially northern Thailand, Myanmar and northern Lao PDR through the
southwest monsoon season (June to October) where this seasonal rainfall is projected to
increase by around 10-20%, or 100-300mm. There is some evidence that at higher warming
levels, the average onset date of the southwest monsoon could be delayed, leading to an
overall decrease of around 20-40% in during the March-May period, but with little impact in
overall monsoon rainfall. Conversely, the strongest signal for a drying trend is found across
southern Indonesia and Timor-Leste outside of the main wet season (May to October), where
rainfall may decrease by as much as 50% (around 200mm) which is significant given the
average total rainfall during this period being only 250-400mm. There are, however, equally
plausible trends which show a similar increase in rainfall and as such, the uncertainty in
regional rainfall projections by the 2050s and beyond, presents a significant evidence
gap and opportunity for future research.

7 The Heat Wave Frequency Index (HWFI) is calculated by counting the number of days for each event
per year when daily maximum temperature remains higher than the 90th percentile of the historical
period continuously for at least six consecutive days.
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Projections of extreme rainfall (wettest day in a year) by 2050 show a 5-15% increase
relative to a 1995-2014 baseline for most land areas across all model configurations,
and closer to 30-40% increase across northern Thailand and Myanmar (Gutiérrez et al.,
2021a). This strongly suggests that the intensity of intense rainfall events, and therefore
associated flash flooding, is likely to increase. Conversely, the number of consecutive dry days
(number of consecutive days where less than 1mm of rain falls) are projected to increase
across the Maritime Continent by 5-15 days annually by 2050, although the signal is less clear
across continental Southeast Asia and Philippines (Gutiérrez et al., 2021a; Supari et al., 2020).

For Myanmar, Lao PDR, Vietnam, Thailand, Cambodia and Philippines, there is at least
medium confidence that these regions will become wetter on average, predominantly through
the Southwest Monsoon (June-October). Central and Northern Indonesia, Malaysia,
Singapore and Brunei Darussalam will become wetter on average throughout the year.
There is some evidence that Southern Indonesia (Java, and the Lesser Sunda Islands)
and Timor-Leste will become wetter on average during November to March, but there is a
lack of model consensus through June to October (the drier months), with both wetter and
drier scenarios equally plausible.

Sea-level rise is virtually certain to continue around Southeast Asia and lead to greater
damage from typhoons, storm surges and coastal erosion along coastlines (IPCC,
2021b). By 2050, a 0.3m median rise is projected under RCP8.5, increasing to 0.7m by late
century, relative to 1995-2014. Even under the lower emission scenario of RCP4.5, sea-level
rise is projected to rise by 0.2m and 0.5m by 2050 and end-of-century respectively, indicating
that there is relatively low sensitivity between emission scenario and sea-level rise (Fox-
Kemper et al., 2021). These projected levels are relatively uniform across the region with the
exception of east and west of Philippines where, under RCP8.5, the rise is closer to 0.5m by
2050 and 1.0m by late century. At the same time, it has been shown that cities across coastal
Southeast Asia have been subsiding due to groundwater extraction, further heightening their
vulnerability to sea-level rise (Wu and D’Hondt, 2022).

Sea surface temperatures are projected to increase in the coming decades across
Southeast Asia (Gutiérrez et al., 2021a). The level of sea surface temperature increase is
driven by the level of warming whereby under low emission (RCP2.6) and very high emission
scenarios (RCP8.5), the median level of warming is 0.7°C and 1.2°C respectively. By the end
of the century (2081-2100) sea surface temperature projections widen, whereby under the low
emission scenario the median increase is unchanged at around 0.8°C whereas under the high
emission scenario, the median increase is projected to be 3.0°C (Gutiérrez et al., 2021a,
CMIP6). The world’s oceans are the primary heat sink for the extra energy added via from
global warming. During 1971-2018, they absorbed 91% of all energy added during 1971-2018
(Gutiérrez et al., 2021b, Table 7.1). The rise in ocean heat content is focused within the upper
2000m (with over half of this within the top 700m) and consequently, the occurrence of marine
heatwaves® can only increase. The most extreme marine heatwaves are projected to occur
most frequently in tropical Central and West Pacific and Indian Ocean by the end of the century
(Figure 6.4 in Collins et al., 2019).

8 Marine heatwaves are extremely warm, persistent sea surface temperatures anomalies that can
persist for days to months and can extend to thousands of kilometres (Xu et al., 2022).
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Typhoon frequency across the northwest Pacific basin is projected to decrease or
remain unchanged, but the number of intense storms will increase. The number of
typhoons that develop across the basin is expected to see little change compared with current
climatology, but the proportion of the most intense typhoons (Category 4 and 5) is expected
to increase, primarily impacting on north-central Philippines as well as Viet Nam, Cambodia
and Thailand (Seneviratne et al., 2021, Qin et al., 2023). Over the past four decades, it is very
likely that typhoons in the western North Pacific reach their peak intensity at higher latitudes.
This trend is expected to continue, possibly reducing typhoon frequency at lower latitude
locations, such as Philippines (Seneviratne et al., 2021). The peak intensity of typhoons, and
therefore average and peak wind speed, is projected to increase worldwide, primarily due to
higher ocean temperatures (Wehner et al., 2018; Knutson et al., 2020) which also enables
storms to strengthen more quickly (known as rapid intensification). In addition, the speed of
typhoon movement has decreased, and is projected to decrease further, probably leading to
increased impacts (Yamaguchi and Maeda, 2020).
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3 Climate risk impacts and interpretation for the

Southeast Asia region
Lead authors: Roger Calow, Olena Borodyna, llayda Nijhar, Vikrant Panwar, Guy Jobbins, Luke
Norris, Rebecca Osborne and Kate Salmon.

3.1 Agriculture and food security

Image location: Thailand

Summary of risks relevant to agriculture and food security

¢ Rice yields are projected to decline by 3-10% by 2050 due to heat extremes, flooding, and droughts, with the biggest
losses projected for Cambodia, Myanmar, and Viet Nam. Rainfed production and lowland coastal areas (lower
Mekong and Red River deltas) are most exposed. Southeast Asia currently accounts for 26% of the global rice
production and 40% of global rice exports.

e Improvements in agronomic systems and practices, including climate-smart agricultural practices that can boost
yields and reduce greenhouse gas emissions, could more than offset the impacts of climate change on yields and
reduce environmental impacts - at least until the 2050s. In Cambodia, Myanmar, Philippines and Thailand, yields are
roughly 50-70% of their exploitable potential.

¢ Inland aquaculture and livestock play an increasingly important role in meeting food and income needs, and in
generating export revenue, but are threatened by rising temperatures and climate extremes. The transition from rice
farming to marine aquaculture in the Mekong delta, an adaptive response to land-water salinisation, is largely
responsible for mangrove clearance and the loss of natural coastal protection.

e The health and productivity of agricultural workers will be negatively affected by rising temperatures and heat
extremes, with impacts falling increasingly on women and the elderly. Reductions in agricultural labour capacity from
heat-humidity stress have been estimated at 30 to 50% for the region with a 3°C rise in temperature and could
undermine agricultural employment and production.

o Food insecurity could increase to the 2050s as agricultural output and prices become more variable, with the potential
for longer-term price rises that could undermine food affordability for the poorest groups. Poorer consumers, including
growing numbers of urban poor, subsistence-orientated farmers, and landless tenants, will be worst affected. Roughly
54% of the regional population cannot currently afford a healthy diet, costing around USD4/day.

e Collectively, the risks above will hamper progress SDG2: End hunger, achieve food security and improved nutrition
and promote sustainable agriculture.

e Most sectoral studies have focussed narrowly on crop yields and production. More research is needed on mixed
farming systems (including livestock and aquaculture), agricultural supply chains (disruptions, storage), and shifts in
food access and affordability for different groups of people.
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3.1.1 Context

Agricultural production, including forestry, fishing, and livestock, provides a vital source of
employment, income, and food security across Asia, even though its contribution to GDP is
diminishing as economies diversify. Contributions to GDP range from 1% or less in Brunei
Darussalam and Singapore, to over 20% in Myanmar and Cambodia, yet 50% of the region’s
population still live in rural areas despite rapid out-migration and urbanisation and maintain a
link directly or indirectly to the agricultural economy (ADB, 2021).° As Asian economies
develop and become more urbanised, food demand is increasing and shifting in composition,
including towards animal products that are much more resource intensive (ADB, 2021; Lin et
al., 2022).

Farming throughout much of the region is based on rice production, often in multiple cropped
systems that include maize and vegetables for food and/or fodder, and important cash crops
such as coffee and cashews. Over recent years, tree crops for palm oil production and rubber
have also expanded, often at the expense of native forests. As demand for livestock products
has risen (especially meat, eggs, and dairy), livestock numbers have also increased
dramatically. Inland fisheries also play a vital role in agricultural production and nutrition.
Across the region, the rapid growth of freshwater and marine (brackish water) aquaculture
(see section 3.7.3) has served to lower prices in domestic markets, benefiting poorer
consumers and contributing to export earnings (ADB, 2021).

Although irrigated agriculture is well developed in high-potential lowland deltas (roughly 70%
of the world’s irrigated farmland is in Asia — see also Section 3.2), and sometimes within
urban/peri-urban areas'®, most countries are still heavily dependent on rainfed production
linked to seasonal rains, and smallholder production based on the intensive farming of small
plots of land. Close to 90% of Indonesia’s farmers own less than two hectares of land (World
Bank, 2023b); in Viet Nam the average farm size is 0.6 ha (Nguyen et al., 2017). Poorer
farmers — landholders or landless tenants — operate in extremely small areas and rely on off-
farm income in wider rural and (increasingly) urban economies to make a living (ADB, 2021).
Farming is also becoming increasingly feminised as men (mainly) seek off-farm employment,
leaving women more exposed to climate-related stresses, amplified by their lower incomes
and more limited access to credit, property, extension services and other resources (ADB,
2017; 2021).

Agricultural productivity has increased markedly over the last 30-40 years, particularly
following Asia’s Green Revolution in the late 1960s. Nevertheless, productivity is now
stagnating because of soil degradation and salinisation, diminishing returns from heavy
fertiliser use, pesticide/herbicide resistance, water scarcity/salinisation in some areas, and
climate change (ADB, 2021; Yuan et al.,, 2022). Across Asia, heavy use of fertilisers,
particularly synthetic nitrogen, now accounts for roughly 12% of the region’s GHG emissions
from agriculture (ADB, 2021; Menegat et al., 2022)."" Some of these problems have their root

9 GDP data for 2022 from World Bank; population data from UN World Population Prospects. Source:
World Bank World Development Indicators accessed July 2023 — see TRD Section F.

0 Although urban growth is usually associated with the loss of farmland, growing food within cities can
help make up the shortfall. Singapore, which currently imports over 90% of its food, aims to produce
30% of its nutritional needs locally by 2030 (The Straits Times, 2023).

" From nitrogen manufacture, transportation and field use (whole supply chain) in agricultural systems.
South Asia and East Asia (including China) now have the highest nitrogen application rates of any
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causes in policies designed to promote agricultural production in the past by subsidising water,
energy, and other farm inputs. These subsidies have proved difficult to remove or reorientate
despite their environmental impact and fiscal drain on governments (ADB, 2021).

3.1.2 Crop production

The regional evidence base linking climate change with impacts on crop production
and food systems in Central and South Asia is limited (Shaw et al., 2021; Bezner Kerr et
al., 2022). Most studies looking at slow onset shifts in climate have focussed on key staples
(rice, wheat, maize) rather than food or farming systems,'? and are based on a limited number
of control trials and modelling projections. These typically hold non-climate variables constant:
baseline technologies, varieties and farming practices are ‘fixed’ while climate variables
change over time (Shaw et al., 2022; Bezner Kerr et al., 2022)."® Projections are complicated
by uncertainties around how different crops, in different conditions, may respond to higher
levels of atmospheric CO2 which can potentially boost plant growth and lower water uptake,
but may also reduce some important plant nutrients (FAO, 2015; Bezner Kerr et al., 2022).™

Available evidence indicates that climate change has had broadly negative impacts on
crop production and that future warming will have more damaging impacts (ADB, 2021;
Shaw et al., 2022; Bezner Kerr et al., 2022). Rising temperatures, heat extremes and changing
rainfall patterns all affect crop areas, suitability, productivity, quality and harvest stability,
though crop sensitivities vary. Differences in projected impacts by 2050 for different climate
scenarios are minor, but from then on adverse impacts become more pronounced, especially
for rainfed crops under higher emission pathways (Bezner Kerr et al.,, 2022). Figure 7
highlights observed and projected impacts for key crops and crop categories for different
regions of Asia, with South and East Asia showing negative trends for key staples. Individual
country profiles on climate change and agriculture, including projections and policy options,
are available from CIAT/World Bank.’”® Not all impacts are negative or certain, and
opportunities exist to increase yields and mitigate some of the effects of climate change —
issues picked up later in this section.

global region. Excluding China from the Asia region, India, Pakistan and Indonesia (in that order) have
the highest country-level emissions from synthetic nitrogen use in agriculture, falling within the global
top 10 emitting countries (Menegat et al., 2022).

2 Impacts throughout the supply chain, from yields to supply chain disruptions, storage costs, quantity
and quality of stored products, producer incomes and prices.

3 In addition, modelling does not generally account for the wider functioning of ecosystems, including
the balance between crops, weeds and pests, and effects on pollinators (FAO, 2015; Bezner Kerr et
al., 2022).

4 The effects of elevated CO2 on plant growth and nutritional content are complex and depend on local
growing conditions (temperature, soil conditions) and plant/cultivar type. Higher levels of CO2 can
increase biomass accumulation but can also reduce the content of key nutrients in some grains, fruit
and vegetables (Bezner-Kerr et al, 2022 — high confidence).

5 Climate-smart country profiles developed by the International Centre for Tropical Agriculture (CIAT),
the World Bank and others available here: https://ccafs.cgiar.org/resources/publications/csa-country-
profiles. These focus mainly on South and Southeast Asia. The World Bank’s Country Climate and
Development Reports and shorter Climate Risk Country Profiles also provide accessible summaries of
agricultural risks.
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Figure 7: Observed (obs) projected (proj) impacts of climate change on crop yields in Southern and Eastern
Asia. Source: based on Bezner Kerr et al. (2022). The impact level is identified with the following symbols: +
means positive impact level; - means negative impact level; and ¢ means a mixed impact level. The confidence
level is identified by the colour: dark blue means high confidence; purple means medium confidence; and pale
blue means low confidence. Empty fields indicate areas that are not assessed or where there is insufficient
data. Note: Observed impacts (from Bezner Kerr et al., 2022) are based on the synthesis of >150 articles
published since AR5, though study timespans often extend prior to 2014. The projected impacts to the 2050
are the authors’ own based on references listed for this section of the report.

Rice yields are projected to decline by 3-10% by 2050 compared with baseline
scenarios, impacting global and regional food security as Southeast Asia currently
accounts for 26% of global rice production and 40% of global rice exports (Li et al., 2017;
Shaw et al., 2022; Bezner Kerr et al., 2022). The six major rice-producing countries in
Southeast Asia - Cambodia, Indonesia, Myanmar, Philippines, Thailand and Viet Nam —
collectively account for 97% of total rice production in the region. Demand for rice will increase
by roughly 18% by 2050 due to population growth alone (Yuan et al., 2022). Over the same
period, however, climate change is projected to reduce rice yields in major rice-growing areas
by 3% - 10%, with the biggest impacts projected for Cambodia (-10%), Myanmar (-7%) and
Viet Nam (-6%), even with positive CO. effects (Li et al., 2017)."® The vulnerability of
Cambodia and Myanmar’s rice agriculture is linked to both higher temperatures and the
prevalence of rainfed (vs irrigated) cropping (Li et al, 2017; World Bank, 2023a). For Viet Nam,
the main vulnerabilities in rice agriculture are due to rising temperatures, flood risk and soil

6 For an RCP4.5 scenario (see Section 2). Yield reductions reported by Li et al. (2017) are broadly
consistent with those reported in wider literature reviewed by IPCC (Bezner Kerr et al., 2022; Shaw et
al., 2022), although some projections including CO:2 effects report significant yield increases for rice
production in the lower Mekong basin (e.g., Kang et al., 2021: 24-43% increase by end century).
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salinisation in the Mekong delta where most of the country’s rice is produced (Li et al, 2017;
Nguyen et al, 2017 — see Focus Box 3).

Productivity is declining in major rice producing areas and rainfed croplands due to the
combination of heat, water stress, and flooding, together with other environmental
pressures, with rainfed systems being particularly exposed (FAO, 2015; ADB, 2021;
Yuan et al., 2021; 2022). Crop heat stress is a key risk, with temperatures across Asia’s
monsoon belt approaching critical levels for wheat and maize grown over winter, and for rice
crops grown during the summer monsoon season. Impacts are likely to be greater in rainfed
cropping systems exposed to higher rainfall variability. Rainfed lowland rice accounts for
nearly one-third of harvested rice area in Southeast Asia; despite growing in flooded soils for
much of the season, rainfed rice is more exposed to rainfall deficits and/or excess flooding,
leading to lower and less stable yields (Li et al., 2017; Yuan et al 2021; 2022 — see also Focus
Box 3). Maize, grown increasingly for livestock fodder as well as a food crop, is more sensitive
to heat and water stress than rice, hence yields are likely to fall further — by an estimated 5%
with each degree of global warming in tropical regions (Franke et al., 2020). In Viet Nam,
where maize accounts for 11% of the harvested area, maize yields may be 16% lower by 2050
because of the combined effects of pests, drought and higher temperatures (Nguyen et al.,
2017).

Asia’s deltas that account for major shares of rice production for export and domestic
consumption are additionally threatened by rising sea levels, saline intrusion, more
intense typhoons and storm surges. Asia’s mega deltas, including the Mekong and Red
River deltas in Viet Nam, are significant areas for rice production (over 50% of Viet Nam’s rice
output from the Mekong delta), with rice typically the only crop that can be grown during the
summer monsoon (see Focus Box 3). Although heat, salt and flood-tolerant rice cultivars are
available, floods, high winds and increasing salinity could increasingly damage crops and
agricultural infrastructure.’” In the Viet Nam Mekong delta, roughly 40% of the total rice area
is already exposed to sustained flood risks, and the salinity-prone rice area already accounts
for 44% of the total rice area (Wassmann et al., 2009). These problems have multiple causes.
Increasing flood risk and saline intrusion (saltwater ingress into freshwater) are driven by
groundwater over-exploitation, declining sediment deposition (upstream damming,
downstream sand mining) and the destruction of natural sea defences, as well as by climate-
driven changes in sea level and flood/storm intensity (see Focus Box 3).

Focus Box 3: Climate change and Southeast Asia’s rice economy

Asia accounts for over 80% of global rice production and 75% of global consumption. In contrast to
other major staples traded on global markets, most production and consumption occurs within the
region. Excluding China, the biggest regional producers are India (24%), Indonesia (7%), Bangladesh
(7%), Viet Nam (6%), Thailand (4%), Myanmar (4%), Philippines (3%) and Pakistan (2%) (FAO, 2019
data). The major exporters are Thailand, Viet Nam and India, accounting for roughly 60% of trade
(Sekhar, 2018). Major importers are more widely distributed but include the two most populous

7 In Myanmar, typhoon Nargis (May 2008) caused major damage to paddy fields and agricultural
infrastructure in the Ayeyarwady delta, the country’s main rice-producing area. Farmers needed 3-5
years to recover from the damage (Omori et al., 2021).

46

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office



countries in the region — Philippines and Indonesia — with almost 400 million people (Yuan et al.,
2022).

Although rice production will be less affected by climate change than wheat and maize (in part
because more is irrigated), yields in much of Asia are still projected to decrease. Crop heat stress is
a key factor in the monsoon belt (see Section 2) where most rice is grown, especially where
temperatures are already approaching critical levels during the susceptible stages of plant growth
and grain filling (optimum growing temperature range 25-30°C; maximum 35-38°C for common
cultivars). Areas that are most at risk from this include: Myanmar, Thailand, Lao PDR and Cambodia
(March-June), Viet Nam (April/August), Philippines (April/ldJune) and Indonesia (August) (see
Wassman et al., 2009; Sekhar, 2018).

The most vulnerable areas to combined heat and water stress are rainfed, where cropping cycles
are tied directly to the timing and intensity of monsoon rains. These include southern Myanmar and
northern Thailand where droughts already cause significant yield losses and food insecurity. In
currently irrigated areas, declines in water availability and/or pressure to release water to other uses
could potentially increase vulnerability (Yuan et al., 2022; Smolenaars et al., 2023).

Asia’s deltas remain vital rice producing areas for Viet Nam (Mekong) and Myanmar (Irrawaddy,
responsible for 54% and 68%, respectively, of each country’s rice production (Wassmann et al., 2009,
2019). While rice is adapted to fluctuating water levels and partially saline conditions, sea-level rise,
saline intrusion, more intense typhoons and storm surges (see Section 2) will increase flood risks,
salinity stress and crop damage. Dam building and water diversion in the upper reaches of major
rivers is also reducing sediment and nutrient flows to deltas, with the former also contributing to
relative sea-level rise. The combination of climate change and land subsidence, rather than climate
change alone, is causing these problems (Darby et al., 2020).

Adaptation options are available to mitigate some of these risks, and significant productivity gains in
rice-based cropping systems in Asia are achievable (Li et al., 2017; Yuan et al., 2021; 2022). For
example, rice cultivars with high heat tolerance are already grown in Iran and Australia, and changes
in cropping practices, such as earlier planting, can reduce heat stress at later grain-filling stages of
plant growth. Cultivars with much higher tolerance of flood conditions, including temporary
submergence, are also available (FAO, 2015; Sekhar, 2018; ADB, 2021), as are more resilient (to
heat) alternatives to rice such as millets (Chakraborti et al., 2023). In the Mekong delta, many coastal
communities have turned to farming shrimp and other types of aquaculture as rice yields have
declined (see also Section 3.7.3), but government targets for rice production in Viet Nam have acted
as a brake on land conversion (Smaijgl et al., 2015; Chau and Scrimgeour, 2023).

Agricultural droughts also have a major impact on rainfed crop production in
continental Southeast Asia, particularly in central Myanmar and the Lower Mekong
region, although rainfall-based drought projections remain uncertain. The vulnerability
of agriculture to drought is heightened by the region's reliance on rainfed agriculture. The
distribution of drought impacts to date has been uneven, with central Myanmar experiencing
the most frequent events (Ha et al., 2023). Cambodia has faced recent severe and prolonged
droughts, while Thailand and Viet Nam have experienced the highest numbers of prolonged
and damaging events between 2000 and 2021 (Kang et al, 2021; Chau et al, 2023; Ha et al.,
2023). Evidence suggests a shift in historical drought patterns from northern central Myanmar
towards the Lower Mekong Delta, disproportionately affecting the region between 2011 and
2021 (Ha et al., 2023). However, future projections (for consecutive dry days) in continental

8 Agricultural drought refers to a lack of soil moisture content that causes vegetative stress and/or crop
failure (Ha et al., 2023)
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Southeast Asia remain uncertain (see Section 2.1.2). The Mekong River Commission (see
Section 3.2) maintains a drought (and flood) forecasting and early warning system but is
mandated to provide information products rather than specific drought/flood bulletins to
member countries.'®

Warming trends across Southeast Asia may create more favourable conditions for crop
pests and diseases and increase the costs of control. However, the regional evidence
base on impacts and trends remains limited. Global studies looking at the temperature
response of insect pest populations indicate yield losses for rice, maize and wheat of 10-25%
per degree of global warming, though with the biggest impacts in temperate zones (Deutsch
et al., 2018). Negative impacts can also be expected because of the increased vulnerability of
plants weakened by heat and water stress (FAO, 2015; Shaw et al., 2022). A concern for rice
producing areas is the spread of the invasive golden apple snail, which eats young and
emerging rice plants and causes major production losses. Although the snail is already
endemic throughout most of Southeast Asia (in part because of warming trends (Lei et al.,
2017).

Productivity gains may still be achievable in spite of climate change through
improvements in agronomic systems and practices. These could boost rice yields and
reduce the environmental footprint of rice farming (Li et al., 2017; Yuan et al., 2021; 2022).
While rice yields are stagnating in four of the six major rice-producing countries (Indonesia,
Myanmar, Thailand and Viet Nam), there is still significant room for improving yield, resource
efficiency, or both (Li et al., 2017; Yuan et al., 2021; 2022).2° Current yield gaps are larger
than those in some other rice-producing countries such as China and the US, especially in
Cambodia, Myanmar, Philippines and Thailand where yields are roughly 50-70% of their
exploitable potential (Yuan et al., 2022). Closing these yield gaps through improvements in
agronomic systems and practices could more than compensate for the negative effects of
climate change outlined above, at least until the 2050s (Yuan et al., 2022 — see Focus Box 3).
For example, rice intensification pilots?' in the lower Mekong basin (Thailand, Lao PDR,
Cambodia, Viet Nam) have demonstrated how significant increases in average yields and
economic returns (52% and 70%, respectively) can be achieved with lower inputs and GHG
emissions (Mishra et al., 2021). Irrigation development (see below) can also boost yields and
increase resilience.

The importance of irrigation in sustaining crop production and supporting livelihoods
will grow as rainfall variability and rising temperatures make rainfed agriculture more
precarious. However, irrigation is a major consumer of water and may reduce water
availability for other sectors. In contrast to large areas of South Asia, irrigation potential in
Southeast Asia remains significant, with the ability to mitigate climate impacts and increase
productivity. In Cambodia, for example, irrigated lands produce 60% greater yields than

9 See MRC website: http://droughtforecast.mrcmekong.org/templates/view/our-product

20 Resource use efficiency in terms of inputs of water, pesticides, nitrogen, labour, energy and GHG
emissions (especially methane). See Yuan et al., 2021; 2022.

21 With smallholders in irrigated and rainfed areas, focussing on seedling transplantation and spacing,
retention of moist rather than waterlogged soils, and application of compost or manure instead of
synthetic fertilisers to improve soils and reduce costs (Mishra et al., 2021). Measures such as these fall
under the ‘sustainable intensification’ banner (see Pretty, 2018). More overtly adaptive interventions —
earlier planting, and use of heat and/or flood resistant cultivars (see Focus Box 3) — are often called
‘climate smart’, though in practice the intensification/climate-smart distinction is blurred.
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rainfed agriculture, and recent work commissioned by the World Bank shows that the adverse
effect of drought on yields is entirely mitigated by households that irrigate their plots or rely on
crop-rotation practices (World Bank, 2023a). Similar productivity gains could also be expected
for Lao PDR, Myanmar, Thailand, Philippines and, to a lesser extent, Viet Nam, where
irrigation is still limited despite the abundance of water resources (Li et al., 2017).22 However,
irrigation withdraws consumes a lot of water, and urban and industrial demands are also
increasing, so robust water management will be needed to address trade-offs (see also
Section 3.2).

Some productivity gains may be possible because of climate change depending on
local agro-ecological conditions, farming systems and climate variables, even though
overall impacts at the regional scale will likely be negative. For example, projections for
2050 for rice yields in Lao PDR are mixed, with some models showing small gains of around
2% (Li et al., 2017). Some cash and industrial crops could also benefit: for example, coffee
production in higher altitude areas of Viet Nam; palm oil production? in Indonesia and
Malaysia; and coconut production in Philippines (Dikitanan et al., 2017; Savelli et al., 2021;
World Bank, 2022a). Higher levels of atmospheric CO, associated with global warming can
also boost plant growth, although as noted previously the relationship is complex and may
result in lower nutrient content for some crops and cultivars (FAO, 2015; Bezner Kerr et al.,
2022).

3.1.3 Freshwater fisheries and aquaculture

The sustainability and productivity of capture fisheries and aquaculture are threatened
by rising temperatures and climate extremes in Southeast Asia (Allison et al., 2009; Shaw
et al., 2022). However, research and evidence remain limited. Impacts occur due to rising
water temperatures and chemical changes in the aquatic environment (salinity content,
oxygen concentration, acidification), along with floods, droughts and storms that disrupt or
damage aquatic environments and capture/processing infrastructure (FAO, 2015). Southeast
Asia is vulnerable due to the growing importance of aquaculture in supporting rural livelihoods
— particularly for women - and in improving diets (Suzuki, 2021).2* In Cambodia, for example,
fish provides roughly 80% of animal protein in household diets (World Bank, 2023a). Most
production involves small-scale, artisanal operations that are more vulnerable to impacts,
although larger commercial units are increasingly common (Shaw et al., 2022). Capture
fisheries from rivers and lakes are also vulnerable, but their relative importance (vs
aquaculture) is declining, and impacts are driven overwhelmingly by non-climate drivers such
as over-fishing, pollution, and water diversions/withdrawals. The Inland capture (freshwater)
fisheries of the Lower Mekong basin are the world’s largest, valued at roughly USD11
billion/year, but production value is projected to decline to 2040 in all lower Mekong countries
mainly because of hydropower development and its impact on fish habitats (MRC, 2017).

22 Rice yields in Viet Nam are already well above the regional average. Li et al. (2017) conclude that
the combined effects of CO: fertilisation, irrigation and changes to planting dates could offset most of
the negative impacts caused by climate change across the Indochina peninsula.

23 Given the impact of palm oil production on the environment (see Section 3.6), expanding production
has obvious risks, and government policies in both countries now emphasise productivity gains from
smaller areas and native forest/peatland protection.

24 All countries in Southeast Asia, with the marginal exception of Cambodia, now produce more from
aquaculture than inland capture fisheries (FAO, 2023a; FAO, 2023b).
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Indonesia, Viet Nam, Myanmar, Thailand, Cambodia and Philippines (in that order) are
the biggest aquaculture producers in the region and stand to lose most in terms of
production and income. Growth since the late 1990s has been remarkable, with production
increasing between 7-and 11-fold in Viet Nam, Indonesia and Myanmar between 2000 and
2020 (FAO, 2023b). Aquaculture exports of shrimp are also significant, especially for Thailand
and Viet Nam (Suzuki, 2021). However, farmers in coastal areas growing shrimp in brackish
water are already affected by typhoons, storm surges, flooding and heat waves — hazards that
are projected to increase in intensity (see Section 2.1.2). For regional marine aquaculture,
including shrimp farming on coastal lands, around 30% of aquaculture areas may become
unsuitable for farming by 2050-70, with production losses of 10-20% possible (Froehlich et al.,
2018). While the transition to aquaculture out of rice farming in the Mekong delta is, in part,
an adaptive response to climate change (see Focus Box 3), its expansion has also increased
climate risks to coastal aquaculture, settlements and farming. Specifically, the conversion of
mangrove forests into aquaculture ponds (also in Indonesia and Philippines) has lowered
natural flood defences, and has also reduced biodiversity, impacted marine fisheries, and
caused serious environmental pollution (WWF, 2017 — see also Section 3.7.2).%°

3.1.4 Livestock

Livestock production and productivity are likely to be negatively affected by rising
temperatures, although regional evidence remains limited (Bezner Kerr et al., 2022; Shaw
et al., 2022; Thornton et al., 2022). Animal husbandry is integral to farming systems across
Asia, particularly for smallholders, providing draft power, milk, hides, manure, meat and eggs,
and an additional source of income/consumption alongside cropping (FAO, 2015; ADB, 2021).
Demand for livestock products is also increasing, driving large increases in livestock
populations (ADB, 2021). However, evidence (although limited) is accumulating that heat
stress in domestic species is affecting productivity, with the biggest impacts on larger animals,
especially cattle.?® Most domestic livestock have comfort zones in the range 10-30°C,
depending on species and breed, in a regional context where the number of days exceeding
35°C is projected to increase by over 40 days per year across all but mountainous areas (see
Section 2.1.2).

The distribution, incidence and severity of livestock diseases, and the availability and
quality of fodder, may also be negatively affected by higher temperatures (Thornton et
al., 2022). For infectious diseases, associations can be positive or negative depending on
disease/vector type. Droughts and floods can also affect livestock populations and health, with
droughts the largest contributor to livestock losses to date in Asia (ADB, 2021). This is
because droughts affect access to water, but mainly because of the detrimental impact on
fodder availability and quality (see comments on maize above). There is also some evidence
linking higher levels of atmospheric CO; with reductions in fodder digestibility and nutritional
content (Thornton et al., 2022; Bezner Kerr et al., 2022).

25 Pollution from organic wastes, antibiotics and other chemicals. Since wild fish, both marine and
inland, are typically used for aquaculture feed, the growth of aquaculture has also had a negative impact
on wild fish stocks (WWF, 2017).

26 Animals eat 3—5% less per additional degree of temperature, reducing their productivity and fertility,
and heat stress also suppresses the immune system, making them more susceptible to disease. Larger
ruminants are most vulnerable to heat-related impacts (Thornton et al., 2022).
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3.1.5 Agricultural workers

Southeast Asia is one of the most vulnerable regions to labour heat stress globally, and
the health and productivity of agricultural workers — increasingly women - will be
negatively affected by rising temperatures and heat extremes (ILO, 2019; Lima et al.,
2021). Projections by the International Labour Organisation (ILO, 2019) indicate that
agriculture will account for 60% of global working hours lost to heat stress by 2030, with Asia
and the Pacific most affected. Regional projections to 2030 suggest that for Southeast Asia
as a whole, around 9% of agricultural working hours could be lost to heat stress (compared
with 5% in 1995), with peaks in Cambodia (15%), Thailand (13%) and Viet Nam (10%) (ILO,
2019).2” These are areas of high heat-humidity stress, where large numbers of people are
engaged in agriculture and other exposed (largely informal) occupations (see also Section
3.3). More recent projections for Cambodia suggest that labour productivity could decline by
8-20% by 2041-50, with agriculture facing the biggest impacts (-10-20%) (World Bank, 2023a).
Since agriculture is becoming increasingly feminised across the region, and the agricultural
work force is ageing, impacts will fall disproportionately on women and the elderly (ADB,
2021).28

The impacts of heat stress on agricultural labour may have knock-on effects on
employment, production, food prices and food affordability, though the evidence base
remains limited. Looking beyond labour hours lost (ILO estimates — see above), recent
research suggests that reductions in agricultural labour ‘capacity’ of 30-50% in Southeast Asia
linked to heat stress?® could cause growing (farm) labour shortages (Lima et al., 2021). This
is because of the combined effects of lower labour productivity, rising demand for
compensating labour, and the underlying regional shift to non-farm employment (see also
Health, Section 3.3).

3.1.6 The bigger picture — climate change and food security

Impacts on agricultural production will likely lead to greater food insecurity in
Southeast Asia, though pathways are complex and difficult to model (ADB, 2021; Shaw
et al., 2022). Food security is shaped by access to and uptake of food, not just production and
availability (FAO, 2015).%° Food security may be threatened by a combination of (1) declining
output and availability; (2) lower access due to declining household incomes and price

27 No ILO projections were made for later dates. Numbers likely underestimates impacts since they
relate to work in the shade rather than direct sunlight.

28 |In Cambodia and Lao PDR, where male migration is high, the share of females employed in
agriculture now exceeds 50%. In Viet Nam, Indonesia and Thailand, over 40% of the agricultural labour
force is now over 40 years old.

29 Measures of heat stress and labour capacity adopted in the study are linked to temperature, humidity
and radiation, with 30-50% capacity loss based on a 3°C rise in temperature (Lima et al., 2021). ILO
estimates (ILO, 2019) are based on temperature only.

30 Food security exists when all people, at all times, have physical and economic access to sufficient,
safe and nutritious food that meets their dietary needs and food preferences for an active and healthy
life (World Food Summit, 1996). For further information on the four dimensions of food security flagged
here (availability, access, utilisation and stability) see: https://www.worldbank.org/en/topic/agriculture/

brief/food-security-update/what-is-food-security For further information on the four dimensions of food
security flagged
here (availability, access, utilisation and stability) see: https://www.worldbank.org/en/topic/agriculture/

brief/food-security-update/what-is-food-security
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variability; (3) changing uptake/utilisation of food within the body affected by (for example)
disease; and (4) lower stability as a result of more variable output, prices, and incomes (FAO,
2015). Pathways are complex because the number of contributory factors determining
outcomes increases along the food production-access-use chain. However, a growing body
of regional evidence indicates that production losses are likely to translate into higher
agricultural prices and much greater output and price volatility (Cai et al., 2016; Bezner Kerr
et al., 2022; Lin et al., 2022). These impacts will, in turn, affect the purchasing power and real
income of households, undermining food security and increasing poverty, at least periodically
(Hallegatte et al., 2016; FAO, UNICEF, WFP and WHO, 2023). These risks may hamper
progress on SDG2:3' Ending hunger and achieving food security and improved nutrition and
promoting sustainable agriculture (United Nations, 2015).

Concerns about regional food shortages are nothing new although the region produces
a net surplus of rice. However, longer-term changes in growing conditions and climate
extremes will make productivity gains harder to achieve and could raise food prices.
Southeast Asia continues to produce a net surplus of rice, and while there is limited scope to
increase the harvested area, there is potential to raise productivity through improvements in
agronomic systems and practices, particularly in rainfed areas (Lei et al., 2017; Yuan et al.,
2021; 2022; Mishra et al., 2021). More concerning are projected increases in output/price
volatility linked to climate extremes. Higher risks of crop, livestock and fishery damage from
extreme events will increasingly hit farm incomes and raise prices, at least periodically (Jafino
et al., 2020; Lin et al., 2022). Roughly 54% of the regional population cannot currently afford
a healthy diet, reckoned to cost around USD4/day (FAO, UNICEF, WFP and WHO (2023). In
Indonesia, consumers already pay among the highest prices in the region for staples and
nutritious food, and price rises/volatility could further affect nutrition outcomes and the
prevalence of child stunting (World Bank, 2023b). In Philippines, the number of people at risk
of periodic hunger may increase 13% by 2050 (World Bank, 2022a).

The impacts of production and price volatility on food security and poverty will
ultimately depend on how vulnerable households make a living. Net sellers of food could
benefit from higher prices, though much depends on the interplay between prices, output and
incomes. Net consumers of food will likely be harmed, while those who depend on agricultural
wages and profits are likely to experience mixed impacts. Poorer consumers — the growing
numbers of households living in informal urban settlements and subsistence-orientated/tenant
farmers struggling to feed themselves from own (rainfed) production — will be worst affected
(Hallegatte et al., 2016; Bezner Kerr et al., 2022). Poorer urban households typically spend
40% or more of their incomes on food (Wiggins, 2022), and malnutrition and health deprivation
levels among the urban poor in Asia can be as high as among the rural poor (FAO, UNICEF,
WFP and WHO, 2023). Food insecurity has increased in all countries except Indonesia
(falling), Brunei Darussalam (data not reported) and Timor-Leste (not reported), based on a
comparison of the most recent three-year averages (2017-19 vs 2020-22). Hence data reflect
the more recent impact of Covid-19 restrictions on food production, supply chains, incomes
and purchasing power, although regional food insecurity had been increasing in the five years
prior to the pandemic (FAO, UNICEF, WFP and WHO, 2023; FAO, 2023 — see TRD). The
prevalence of moderate or severe food insecurity for the period 2020-22 is highest in

31 United Nations Sustainable Development Goals in relation to the 2030 Agenda for sustainable
development adopted by all United Nation Member states in 2015 see: THE 17 GOALS | Sustainable
Development (un.org)
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Cambodia (51%), Philippines (45%) and Lao PDR (34%) (FAO, 2023 — see TRD). Section 3.3
on Health discusses undernutrition and other health outcomes.

Links between climate-induced ecosystem change, food security and poverty have not
been systematically assessed but are likely to be important. Poorer rural households are
more likely to depend on foraging and wild foods to meet food and income needs, smoothing
consumption between season and years (Hallegatte et al., 2016). Ecosystems degradation or
loss (see Section 3.6) can therefore remove a key safety net, potentially doubling extreme
poverty rates in South Asia and East Asia when environmental incomes*? are removed from
household consumption data (Noack et al., 2015; Hallegatte et al., 2016).

32 From forests, bushland, fallowed land, rivers etc.
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3.2 Water resources and water-dependent services

Image location: Lao PDR

Summary of risks relevant to water resources and water-dependent services

¢ Managing water for competing users and uses will become more difficult as rainfall and river flow variability increases.
Deficits in managed water storage and distribution needed to smooth-out supply over time and between areas will
increasingly disrupt livelihoods and businesses and constrain economic growth.

e Future changes in river flows in the Mekong basin will be driven largely by dam construction, although climate change
will also modify flows by amplifying variability across countries, with higher peak flows and more damaging floods to
the 2050s. This may require a shift in dam operations, from maintaining low flows to reducing flood risks, and greater
cooperation between upstream and downstream countries around water-electricity trades, and the maintenance of
sediment and salt-flushing flows to downstream deltas.

o Dependence on groundwater as a source of climate-resilient domestic and agricultural supply will likely increase,
although groundwater sources already provide drinking water to 60-65% of urban and rural households in Southeast
Asia and the Pacific. However, groundwater resources remain poorly understood and natural contamination (with
fluoride, arsenic) and anthropogenic pollution may constrain the development for drinking water in some countries.

¢ Climate-induced changes in water quality associated with more intense flooding and rising temperatures pose major
risks to drinking water and health, especially in countries where access to safely managed drinking water and
sanitation services remains limited and skewed to higher wealth groups (Myanmar, Lao PDR, Cambodia, Indonesia,
Timor-Leste). Risks to water quality will grow most rapidly in urban areas, particularly informal settlements, lacking
drainage and effective faecal waste management. Regionally, over 20 million people are already at high risk from
pluvial floods in urban areas.

e To achieve SDG6, Availability and sustainable management of water and sanitation for all, risks to water availability
and quality, within and between countries, will need to be addressed.

¢ Investments in both built (grey) grey and natural (green) infrastructure are needed to mitigate water-related risks, but
more research is needed on how different combinations of green-grey infrastructure might mitigate risks at scale,
over time, and in different urban and rural settings — a key evidence gap.
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3.2.1 Context

Southeast Asia is a relatively water abundant region compared with South and Central Asia
and other global regions. All countries, with the exception of Singapore, fall into the low or no
‘water stress’ category used for monitoring Sustainable Development Goal (SDG) 6.4.2%,
meaning that water availability far exceeds current use (FAO data for 2020, FAO AQUASTAT
— see TRD Section F). The region’s major river basins, including the Mekong (Myanmar, Lao
PDR, Thailand, Cambodia and Viet Nam) and Salween (Myanmar, Thailand), also fall into
these categories (Biancalani and Marinelli, 2021). Singapore is an outlier: a city state on an
island lacking freshwater lakes, the city meets its water needs by importing water from
Malaysia, and through rainwater collection, wastewater reuse and desalination. Most
importantly, it imports food rather than using water to grow its own.

Despite the relative abundance of water, however, water is distributed unevenly between
areas and over time. Peaks and troughs are linked to the summer monsoon and much drier
winter months, as well as wet and dry years linked to ENSO events and the strength of the
monsoon. The ability to store and distribute water to buffer these effects then becomes more
important, but most (poorer) countries face an infrastructure deficit. Groundwater systems
providing natural storage provide a vital source of supply but remain poorly understood
(Caretta et al., 2022; Bezner Kerr et al., 2022). Economic development, meanwhile, has been
associated with rapidly increasing water demand, particularly for growing cities, although
agriculture remains the dominant withdrawer and consumptive user of water in all countries
except Singapore (FAO data for 2020, FAO AQUASTAT — see TRD).

By far the largest river basin in the region is the Mekong, with a basin area of roughly 800,000
km? spanning six countries (Zhang et al., 2023). From its source on the Tibetan Plateau in
China, it flows south through Yunnan Province, China (known locally as the Lancang), and
then through Myanmar, Thailand, Lao PDR, Cambodia and Viet Nam (collectively called the
Lower Mekong), draining via the Mekong Delta into the South China Sea. The delta alone is
home to around 18 million people (Shaw et al., 2022). In common with most river systems in
the region, the Mekong is now heavily engineered, with dams and diversions influencing both
its course and flows. One exception is the Salween River, flowing south from the Tibetan
Plateau through Myanmar and Thailand and into the Andaman Sea, which currently has only
a few small dams in its headwaters and tributaries.

In this section, we look at how the region’s water resources — both surface and groundwater
— may be impacted by climate change in the coming decades, with a particular focus on the
Mekong basin given its importance. We also look at selected management risks as water
supplies become more variable and demands increase. Hydropower development, touched
on briefly, is covered in more detail under Energy (Section 3.5). Risks to freshwater fisheries
and water-dependent ecosystems are addressed in Agriculture (3.1) and Environment (3.6),
respectively. Water-related risks to health are discussed briefly here, but mainly under the
Health Section (3.3).

33 Water stress: water withdrawals as a percentage of available (renewable) water. Countries with
low/no stress withdraw less than 50% of their renewable (replenished) water resources. Data for 2020
from FAO AQUASTAT — see TRD Section F.
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3.2.2 Water resources and water-dependent services

The impact of climate change on the Mekong basin (Myanmar, Lao PDR, Thailand,
Cambodia and Viet Nam®!), in combination with other pressures, is regionally
significant because of the role Mekong waters play in supporting agriculture, food
security, energy and environmental services, as well as domestic/municipal use. The
basin is home to around 70 million people, with the population expected to reach 100 million
by 2050 (Hoang et al., 2016). The basin is a globally significant rice and fish producing area,
supporting both domestic production and exports.* Hydropower development - on the main
river and its tributaries — is accelerating, with installed hydropower capacity along the Mekong
projected to nearly triple by 2040 (Mekong River Commission — MRC, 2021 — see Section
3.5), and new thermal power plants that need water for cooling planned for lowland areas
(Wang et al., 2021). The basin also hosts some of the most biologically diverse habitats in the
world, supports the world’s largest inland fishery, and its waters carry sediments and nutrients
that play a key role in sustaining delta livelihoods and lands (FAO, 2011; Wang, 2021; Kang
et al., 2021; Mohammed et al., 2022).

In contrast to some of Asia’s other major rivers that drain the Asian Water Tower,
meltwater contributions to the Mekong and Salween are relatively modest, meaning that
flows are derived mainly from rainfall-runoff and baseflows — expected to increase by
2050. In the upper reaches, glacier contributions are minimal, and while snowmelt from the
Tibetan Plateau is more significant (especially for the Salween), rainfall and groundwater-
derived baseflows still dominate (Khanal et al., 2021). In the basins’ lower reaches, the relative
importance of rainfall and baseflows increase. This means that future climate-linked impacts
in both rivers will be dominated by rainfall, derived mainly from the summer monsoon, and
baseflows indirectly linked to rainfall-groundwater recharge.

Most studies indicate peak flows in the Mekong (Myanmar, Lao PDR, Thailand,
Cambodia and Viet Nam) will increase to 2050 and beyond, amplifying flood risks in the
monsoon season, although hydropower operations could mitigate those risks. Most
hydrological projections indicate increases in both seasonal and annual river discharges
(annual changes of between +5 and +16 %, depending on location), with extreme high-flow
events increasing in both magnitude and frequency (Hoang et al., 2016; Khanal et al., 2021).
These findings are broadly consistent with the rainfall projections summarised in Section 2.1.2.
Reservoir operations associated with hydropower developments could help moderate the
higher flood ‘pulse’ associated with more intense (predominantly monsoon) rainfall (Lauri et
al.,, 2012; Yun et al., 2020). To date, the development of water storage in the basin has
increased low water levels in the dry season and decreased the high flow pulse in the wet
season (LMC Water Centre and MRC, 2023).

Floods in the Mekong basin are associated with adverse impacts on agriculture,
infrastructure and settlements, although they also bring some environmental benefits.
In 2018, the collapse of the Xe Pian Xe Namnoy hydropower dam in Cambodia after heavy

34 For the purposes of this report where locations are mentioned the related country of focus for this
report is included in brackets, this is not an extensive list of countries relative to that location, instead is
designed to help tag that location to the country of interest for this report.

35 After India, Viet Nam and Thailand are the world’s biggest exporters of rice, mostly to other countries
in Asia. Over 50% of Viet Nam’s rice production comes from the Mekong delta — see Section 3.1 (Sekhar
et al., 2018; Wassmann et al., 2019).
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rainfall caused the worst flooding in decades, displacing over 6,000 people (World Bank,
2022). Concerns over regional dam safety in light of the intensification of monsoon rains to
2050 (and beyond) can be expected to grow, especially since most hydropower schemes are
built under opaque ‘build-operate-own-transfer’ arrangements that fail to spell out design
standards and accountabilities (Mohammed et al, 2022). Increases in reservoir overflows
could have major impacts on the structural integrity of further dams, with high flows seeing
more water discharged over spillways and into stilling basins, both of which may require costly
upgrades to remain safe (Mohammed et al, 2022 — see also Section 3.5). The average annual
cost of flooding in the Lower Mekong Basin ranges from USD 60-70 million, with Cambodia
and Viet Nam typically absorbing two thirds of the damages (MRC, 2023). The impacts of
flooding are not all negative, however. Annual floods drive the basin’s fisheries, maintain river
morphology, deposit sediments and nutrients in the delta, and help flush salt from the delta,
with annual benefits of around USD 8-10 billion (MRC, 2023).

Droughts in the lower Mekong are already responsible for major economic losses, but
there is more uncertainty about future climate-driven drought conditions and their
impact on water flows and water-dependent users. Specifically, droughts and extreme low-
flow events in 2004-2005, 2015-16, and 2019-20 have caused maijor crop losses, reductions
in fishery and livestock productivity, widespread shortages of domestic and industrial water,
and harmful levels of salinity intrusion into the delta (Kang et al., 2021; Wang et al., 2021 —
see also Focus Box 3 and Section 3.1). The 2015-16 drought alone resulted in significant
economic losses for Thailand (USD1.7 billion), affecting over nine million people and
damaging 30% of winter and spring crops (Kang et al., 2021). Future projections for drought
frequency and intensity in the lower Mekong basin and continental Southeast Asia as a whole
remain uncertain (see Section 2.2.2).

Dam releases and irrigation diversions, rather than climate trends, will likely have the
biggest impact on dry season flows. Irrigation development remains limited (though still
responsible for most consumptive water use) but will play an increasingly important role in
meeting food demands, with the total irrigated area of the basin (mainly its downstream
portion) expected to nearly double by the 2040s (MRC, 2011; 2021; 2023 — see Section 3.1).
Cambodia, for example, has plans to expand the area of irrigated land by 50% over the next
decade, increasing current water withdrawals by up to 80% (World Bank, 2023). Previous
analysis conducted for MRC showed that water diverted for agriculture in the dry season can
account for more than 45% of seasonal flows in 10% of years, so impacts could be significant
(Nesbitt et al., 2004).

Focus Box 4: Multiple pressures in the Mekong delta

The Mekong delta in southern Viet Nam is the third largest delta in the world at 65,000 km?2 and home
to roughly 18 million people. It produces over 50% of Viet Nam’s rice for domestic consumption and
export, is a major centre for aquaculture production (freshwater and marine) and supports rich
biodiversity. However, the delta’s population and economy are increasingly exposed to rising sea
levels, storm surges and harmful saltwater intrusion into soils and freshwater aquifers.

Changes are driven by the combined effects of relative sea-level rise and reduced sediment
accumulation on the delta. The former is driven by absolute or eustatic sea-level rise (from melting
ice sheets, ocean warming and thermal expansion), and land subsidence (from groundwater over-
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exploitation, sediment compaction). The latter is caused by upstream hydropower development and
sand mining, trapping or removing sediment that would otherwise flow to the delta. The sum of these
factors determines when a certain part of the delta will become submerged. However, sedimentation
and subsidence rates vary across the delta, not all processes are fully understood, and uncertainties
remain about the cumulative impact of upstream hydropower development in both the Lancang
(China) and Lower Mekong.

Currently, rates of eustatic sea-level rise are ~3.3mm/year. However, land subsidence caused by
groundwater over-pumping exceeds 25mm/year in some areas, while natural compaction of
sediments may contribute up to 20mm/year in the coastal zone. Working in the other direction,
sedimentation in coastal mangrove forests with sufficient sediment supply amounts to ~36 to
~67mml/year, countering also the risks of coastal erosion that has accelerated over the last three
decades.

Climate-driven sea-level rise is now unavoidable for centuries to millennia, even if global
temperatures recede towards the end of the century (IPCC, 2021). For submerging deltas, however,
some of the key drivers of change have more proximal causes and policy levers, linked particularly
to the design and operation of hydropower dams, and the protection of natural flood defences and
sediment traps.

Sources: Smajgl et al. (2015); Minderhoud et al. (2019); Tamura et al. (2020); IPCC (2021); Kang et
al. (2021); Shaw et al (2022).

Elevated flood risks, and water insecurity linked to rainfall-river flow variability and
infrastructure deficits, will make water resources management a key priority across the
region. Although the region as a whole is not water stressed in terms of basin and country-
level averages (renewable water availability — see above), higher levels of rainfall and river
flow variability will make water management more difficult. Global studies indicate that rainfall
variability and the lack of water storage and conveyance needed to smooth-out spatial and
temporal differences in water availability have a measurable impact on growth (Brown and
Lall, 2006; Grey and Sadoff, 2007; IPCC, 2022). Regionally, the World Bank highlights deficits
in water storage and conveyance as a drag on growth as rainfall variability increases. In
Indonesia, for example, roughly one-half of the country’s GDP is produced in river basins
experiencing severe or high-water stress in the dry season; periodic water scarcity is projected
to result in 2.5% lower GDP by 2045 in the absence of adaptation measures (World Bank,
2023). In Cambodia, investments in irrigation, reservoirs, tanks and ‘natural/green’ water
conservation, in conjunction with water resource assessment and monitoring, are identified as
critical resilience priorities (World Bank, 2023). In Philippines, increased storage capacity and
stronger water resources management to reduce the impacts of more frequent climate
extremes are also a priority (World Bank, 2022).

3.2.3 The groundwater buffer — benefits and risks

The role of groundwater in buffering more variable rainfall and stream flows will
increase for all sectors, but regional resources remain poorly understood. Although
groundwater resources in the region are largely unmonitored and poorly characterised, a
growing body of evidence highlights their role in providing climate-resilient supply (Scanlon et
al., 2023; Rodella et al., 2023). In particular, the natural storage groundwater aquifers provide
makes the resource less sensitive to annual and multiannual rainfall variability, and
groundwater is also shielded to some degree (see below) from pollution because of the
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protection afforded by overlying soils and rocks (Calow et al., 2018). For domestic users,
groundwater resources are reckoned to provide drinking water to around 60-65% of urban and
rural households in Southeast Asia and the Pacific, translating to roughly 80% of the overall
population (Carrard et al., 2019).%® Groundwater-based irrigation is also significant and likely
to increase further, particularly in the Mekong delta (FAO, 2011) — see Section 3.1.

Across the region, more intense rainfall events and flooding, and potentially more
hydrological droughts, will exacerbate risks to water quality. Risks will grow most
rapidly in fast-growing urban areas lacking basic services (Caretta et al, 2022; Shaw et
al, 2022). Although groundwater sources are less vulnerable to contamination than surface
water sources, deteriorating water quality is a problem across Southeast Asia (Caretta et al.,
2022; Shaw et al., 2022). Contamination of drinking water is the principal risk given limited
progress in meeting ‘safely managed’ targets for WASH (Water, Sanitation, and Hygiene),
especially in poorer countries with critical infrastructure gaps such as Lao PDR, Cambodia,
Indonesia and Philippines.®” In the densely populated Mekong delta (Myanmar, Lao PDR,
Thailand, Cambodia and Viet Nam), sources are now widely contaminated with faecal matter
(Giao et al., 2023) as well as salt (see Focus Box 4). Populations with limited or no sanitation
and safe water — predominantly rural, low income, but increasingly urban, informal — are most
exposed to health risks because heavy rains can flood, damage or destroy latrines and spread
faecal matter into poorly protected (unsafely managed) water sources (Howard et al, 2016;
Calow et al, 2017). Where floods damage or destroy latrines, household demand for re-
building may be compromised, undermining the commitment to open defecation free status
explicitly targeted in SDG Target 6.2 (Calow et al., 2017; UNICEF and GWP, 2022). Urban
WASH is increasingly vulnerable (see also Section 3.3), especially water and wastewater
infrastructure in low-lying towns and cities such as those along the Mekong Valley (e.g., Stung
Treng, Kratie, Kampong Cham in Cambodia). Within Yangon’s informal settlements, over 90%
of water samples at the point of use or consumption were found to be contaminated with E.
coliin 2018 (FAO, UNICEF, WFP and WHO (2023).

Risk of outbreaks of water related diseases linked to poor and disrupted water and
sanitation services will increase. There are clear causal links between flood events and
outbreaks of water-related disease linked to unsafe water and sanitation services (Alderman,
2012; Howard et al, 2016). Common water-related diseases that spike during floods include
cholera, hepatitis A and E, typhoid, polio and pathogenic E. coli (Alderman et al., 2012; Mora
et al., 2018; Calow et al., 2018). Higher water temperatures can also encourage algal blooms
and increase risks from cyanotoxins and natural organic matter in water sources, while higher
runoff can increase contamination from fertilisers, animal wastes and particulates. Droughts
can increase the concentration of pollutants in water bodies (Howard et al., 2016; Calow et
al., 2018 — see Section 3.3.4), and saline intrusion can also render freshwater sources
unhealthy or undrinkable (Howard et al, 2016).

36 Study countries: Cambodia, Indonesia, Lao PDR, Myanmar, Timor-Leste, Viet Nam, Kiribati, PNG,
Solomon Islands and Vanuatu. Indonesia had the highest groundwater-reliant population (more than
200 million) of the 10 countries investigated (Carrard et al., 2019).

37 Access to safely managed drinking water (SDG 6.1) is 30% or less in Lao PDR, Cambodia and
Indonesia. Coverage is generally lowest in rural areas, but low-income households in growing urban
(informal) settlements are increasingly exposed to health risks associated with flooding, poor drainage
and inadequate WASH (see also Section 3.3 and TRD Section F).
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3.2.4 Water management and policy

Transboundary risk management will grow in importance as countries have to share
more variable water supplies or share the benefits that flow from upstream diversions.
Competition over shared waters can be a source of conflict or, more frequently, cooperation
(Zeitoun and Warner, 2006; Caretta et al., 2022).3® The combination of more erratic flows and
investments in storage/diversions will increase the need for cooperation and investment in
river basin organisations. Recent analysis in global transboundary basins supports the view
that there is more potential for conflict in areas already under water stress, such as central
Asia (Caretta et al., 2022 - medium confidence), although other factors — power asymmetries,
pre-existing political tensions and rivalries — often dominate (Zeitoun and Warner, 2006;
Milman et al., 2013; Caretta et al., 2022). The Lancang-Mekong could be characterised as a
basin moving, rapidly, into a position of stress — between countries, water uses and water
users — where trade-offs are inevitable and largely irreversible given investment in major
hydropower schemes and downstream irrigation (Mohammed et al., 2022).

Greater cooperation between upstream and downstream countries to manage trade-
offs is needed in order for Southeast Asia’s nations to achieve SDG6: Availability and
sustainable management of water and sanitation for all. The MRC, formed in 1995, works
directly with the governments of Cambodia, Thailand, the Lao PDR and Viet Nam to facilitate
information sharing and cooperation. The organisation serves as a regional platform for water
diplomacy but has little control over infrastructure investment or water allocation decisions,
despite publication of a comprehensive basin development strategy for 2021-30 (MRC, 2021).
Emergency negotiation on a case-by-case basis has been the main form of cooperation to
date, such as during the 2016 drought when the Viethamese government submitted an
emergency request to the Chinese government to release water (Zhang et al., 2023). Greater
cooperation on the Lancang-Mekong rivers (Myanmar, Thailand, Lao PDR, Cambodia, Viet
Nam) could generate substantial benefits through coupling regional water and electricity
trades, maintaining low flows and reducing flood risks (Zhang et al, 2023). However, power
sharing between upstream and downstream riparians sharing the same basin runs the risk of
concurrent power disruptions arising from shared rainfall deficits and low river flows, and dam
building to date has not consinsidered other priorities aound maintaining salt-flushing and
sediment flows to downstream deltas, or disruption to important fish habitats - see 3.2.2 above
(Mohammed et al, 2022).

There is growing interest in the role nature-based solutions (NbS) could play in
reducing inland flood risks across the region, but the evidence base for impact is
limited. Over the last 10 years or so, NbS have been promoted as a way of tacking both
climate mitigation and adaptation challenges at relatively low cost, while delivering additional
benefits for people and nature (Seddon et al., 2020). A key focus is often flood mitigation — for
example restoring forests in upland catchments to protect downstream communities from
flooding while increasing carbon sequestration and biodiversity. Nature-based solutions now
feature in many countries' climate resilience and Disaster Risk Reduction (DRR) strategies,
as well as donor recommendations (e.g., the World Bank’s Country Climate and Development
Reports for the region — World Bank 2022; 2023; World Bank Group 2022; 2023). However,
the empirical evidence linking NbS with flood mitigation and other benefits in Southeast Asia

38 Disputes over water have historically been resolved through peaceful means, though the absence of
violent conflict may still lead to inaction, increasing vulnerability to climate hazards (Milman et al., 2013).
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remains limited, with most empirical studies conducted in Europe and the US (Hamel and Tan,
2022). Singapore is an exception, with a long history of implementing and monitoring ‘blue-
green’ interventions, alongside ‘grey’ infrastructure, to address urban flooding.3® The global
evidence base, such as it is, points to complex site-specific relationships that do not always
follow expected pathways or allow empirical evidence to be transferred from location to
another (Calder and Aylward, 2006; Dadson et al., 2017).

Focus Box 5: Nature-based solutions (NbS) for catchment restoration and flood control

In broad terms, NbS involve working with and enhancing nature to address societal challenges. They
include a wide range of actions that often assume, or explicitly prioritise, flood protection in the
context of managing more extreme rainfall events.

Fluvial (river) floods, the most common, occur when the amount of water in a river exceeds the
channel’s capacity. They are caused primarily by the downstream flow of run-off generated by heavy
rainfall on wet or impermeable ground. Recent years have seen growing interest in the role NbS can
play in reducing the frequency, magnitude and duration of flood hazards. In broad terms, NbS aim to
reduce flood hazards by modifying land use and land management, river channels, floodplains and
reservoirs (where present) — restoring or sustaining catchment processes that have been affected by
human intervention. Importantly, they also seek to sustain or enhance other ‘co-benefits’, including
ecosystem services (aquatic, riparian, terrestrial) such as biodiversity, soil and water conditions,
carbon sequestration, agricultural productivity and improved public health. Hence the close links with
watershed restoration and management programmes that feature across Asia either as standalone
initiatives or as part of public works/social protection programmes.

Despite their growing prevalence in policy documents, water-related benefits are often uncertain
and/or difficult to assess. The evidence, such as it is, cautions against simplistic assumptions that
directly connect changes in forest cover, land use, land management and storage with flooding,
particularly in larger catchments. Indeed, the greater performance variability and uncertainty around
NbS (compared with grey infrastructure), together with the sheer volume of flood waters and space
limitations, means that purely ‘natural’ solutions will not be sufficient to deal with large floods in most
catchments. In some circumstances, afforestation/reforestation may actually increase downstream
flood risk. That said, NbS can play a key role in retaining water (and soils) in the landscape during
small and moderate rainfall events, with soil moisture and soil stabilisation benefits that can increase
the productivity and resilience of rainfed agriculture.

Monitoring the impacts of NbS interventions over the long periods of time needed to restore
catchments and landscapes is tricky, and differences between areas makes it difficult to transfer
empirical evidence from one location to another. However, remote sensing techniques are
increasingly being used to monitor physical changes (e.g., vegetation cover, soil moisture
conditions), reducing the need for on-the-ground monitoring of some indicators.

Sources: Calder and Aylward (2006); Dadson et al. (2017); Shiao et al. (2020); Seddon et al. (2020).

39 Including river floodplain protection, and the construction or restoration of wetlands in low-lying areas.
The Earth System Laboratory of Singapore is one of the few regional organisations conducting long-
term, empirical studies of NbS interventions (see htips://earthobservatory.sg/research/risk-and-
society). Note: grey infrastructure refers to structures such as dams and dykes; green infrastructure
refers to natural systems such as flood plains, wetlands and forests.
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3.3 Health

Image location: Singapore

Summary of risks relevant to health

The health outcomes sensitive to climate change in the region include heat stress and heat-related mortality,
diarrhoeal and water-borne diseases, undernutrition, vector-borne diseases, and health conditions linked to air
pollution. Impacts will be unevenly spread, exacerbating health inequalities linked to economic status, location,
gender, and age.

Southern Asia, including continental Southeast Asia, will experience the greatest cumulative exposure to heat-wave
events (measured in person days), and heat-related mortality, of any global region. Combinations of heat and
humidity pose the biggest risks to health, with the elderly, infants, pregnant women, people living in informal
settlements, and those engaged in outdoor manual labour most vulnerable.

Air pollution will be exacerbated by higher temperatures and heatwaves that increase the risk of forest/peat fires and
transboundary haze, leading to a range of respiratory, cardiovascular and neurological conditions. The evidence base
linking climate change to air pollution remains limited, but air pollution is now one of the leading causes of morbidity
and mortality in the region, and among the top three risk factors for all-cause mortality in Myanmar, Lao PDR,
Cambodia, and Timor-Leste.

Climate change will undermine efforts to reduce undernutrition (stunting) in a region that already has one of the
highest levels of child stunting in the world (26%), particularly in Lao PDR (28%), Indonesia (31%) and Timor-Leste
(45%). Some 14 million children under five years old currently face a lifetime of physical and cognitive deficits as a
result.

Diarrhoeal and water-borne diseases linked to rising temperatures, seasonality and climate extremes could be
expected to increase, especially where access to safely managed drinking water and sanitation is lacking. The highest
under-5 death rates attributable to diarrhoeal disease are found in Myanmar, Lao PDR, Cambodia, Indonesia,
Philippines, and Timor-Leste.

The seasonality and spatial distribution of vector-borne diseases such as malaria and dengue will be affected by
rising temperatures and changes in rainfall, with new areas of exposure, but interventions in most countries have
thus far limited risks despite more favourable climate conditions. Over the last decade, total malaria cases and deaths
have fallen by 76% in the WHO Southeast Asia Region.

Progress towards SDG3, Ensuring healthy lives and promoting well-being for all at all ages, and SDG4, End hunger,
achieve food security and improved nutrition and promote sustainable agriculture, could be undermined by the risks
above.

Many of the causal pathways linking climate variables with health outcomes are difficult to untangle, with different
non-climate factors involved. Given the likely significance of heat and nutrition-related impacts in the region, further
research on these topics is a priority.
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3.3.1 Context

The countries of Southeast Asia have made significant progress on health and broader social
development outcomes over the last three decades working towards SDG3 (United Nations
2015), despite recent disruptions from the Covid-19 pandemic and (in Myanmar) conflict and
state fragility. Between 1990 and 2020, the rate of child (under 5 years old) mortality in the
region declined by 70%, life expectancy increased by 10 years (IHME-GBD, 2019), and all
countries graduated to middle income status or, in the case of Brunei Darussalam and
Singapore, high income status, with major increases in health expenditure (WHO, 2019a).

Regional trends obscure major disparities in health access and outcomes between and within
countries, however, linked to economic status (e.g., poverty), location (rural, urban, informal
settlement), age, gender and ethnicity. The safety nets that protect people from shocks remain
precariously thin in some countries (Myanmar and Lao PDR especially — World Bank, 2019
data), and out-of-pocket health financing*® exceeds 40% in Myanmar, Lao PDR, Viet Nam,
Cambodia, and Philippines, increasing people’s vulnerability to shocks (WHO, 2019b).

In common with other global regions, the leading causes of morbidity and mortality are
changing, with non-communicable diseases (NCDs) such as cancer, cardiovascular disease
and chronic respiratory illnesses growing in importance, and communicable, maternal,
neonatal, and nutritional diseases receding, albeit with significant local variations (IHME-GBD,
2019). Air pollution is now one of the leading causes of morbidity and mortality across the
Southeast Asia region, from indoor cooking fuel in poorer areas to the transboundary haze
caused by ‘slash and burn’ land clearance in Indonesia and Malaysia — see 3.3.7 below (IHME-
GBD, 2019).

3.3.2 Assessing risks to health from climate change

Climate change is likely to amplify inequalities in health outcomes and increase risks
to health from heatwaves, flooding, drought, air pollutants, vector and water-borne
diseases, undernutrition, mental disorders and allergic reactions (Rocque et al., 2021;
Cissé et al., 2022 — high confidence). This could further limit progress towards SDG3:
ensuring health lives and promote well-being for all at all ages (United Nations, 2025).
However, the evidence base remains incomplete, with relatively few empirical studies focused
on low/middle income countries, and complex (often indirect) climate-health pathways to
unpick.*’

The most widely quoted*? empirical assessment of climate-related health impacts looks at
cause-specific mortality to 2030 and 2050, based on a mid-range (A1b)
development/emissions scenario, roughly equivalent to RCP4.5 (see Section 2). Because of
the long lead times between emissions of GHGs, changes in climate and health outcomes,
the choice of scenario makes little difference to results for 2050 in contrast to projections to
the end of the century (WHO, 2014). The study focuses on health outcomes known to be
climate-sensitive (WHO, 2014; Jafino et al., 2020), with results for the Global Burden of

40 Qut-of-pocket payments are spending on health directly by households.

41 Because (1) most health data e.g., from global burden of disease studies focus on current exposures
and historical risk patterns; (2) attributing health impacts to climate change, rather than natural
variability, remains challenging; and (3) many climate-health linkages are complex, with multiple
interactions and feedback loops (WHO, 2014; Cissé et al., 2022; Di Napoli et al., 2022).

42 Still cited in the latest IPCC ARG reports, e.g., Cissé et al., 2022; Shaw et al., 2022.
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Disease (GBD)-defined Southeast Asia region highlighted in Table 1.** Numbers for Central
and South Asia are included for comparison. Results are for annual mortality attributable to
climate change: additional deaths caused by climate change in 2050. In contrast to most
climate impact modelling (e.g. for crop yields — see Section 3.1), results from the WHO study
are generated by comparing two future scenarios (with and without climate change), rather
than one future with climate change compared with an historical, static baseline (after vs
before).

Table 1: Additional deaths attributable to climate change in 2050 under IPCC’s midrange emissions and base case
development scenario. Source: WHO (2014). Note: 2 undernutrition (stunting) estimates for children <5yrs; °
diarrhoeal disease estimates for children <15yrs; ¢ heat estimates for people >65yrs. Top number in each row is an
average based on five global climate model runs. Numbers below (in brackets) show uncertainty intervals: lowest
and highest estimates. For more information on assumptions and methods, see original report. SE Asia: Cambodia,
Christmas Island, Cocos Islands, Indonesia, Lao PDR, Malaysia, Maldives, Mauritius, Myanmar, Philippines,
Reunion, Seychelles, Sri Lanka, Thailand, Timor-Leste, Viet Nam. GBD groupings differ slightly to target countries
reviewed in this report but exhibit similar cause-of-death patterns.

Malaria Dengue Undernutrit.? Diarrh Dis. ® Heat °
SE Asia | 287 0 3049 383 7240

(265 to 334) (0to 0) (605 to 5494) (172 to 575) (5883 to 10,290)
S Asia 9343 209 16,530 7717 24,632

(2998 to 13,488) | (140 to 246) (-1582 to 34,642) | (3511 to 11,421) | (20,095 to

31,239)

C Asia 0 0 314 26 1889

(0to 0) (0to 0) (66 to 563) (12 to 38) (1077 to 2173)

While the numbers should be viewed as pointers rather than hard projections, and a more
contemporary study might assess both morbidity and mortality**, the results nonetheless
highlight the growing importance of heat-related health impacts across South and Southeast
Asia. Undernutrition (stunting) and diarrhoeal disease, closely linked, also remain important,
though with complex causal pathways and uncertainties around attributing impacts to climate
change. Although vector-borne diseases, in particular malaria, have been successfully
addressed in most countries, outbreaks still occur and overall exposure in the future will likely
increase. Flood and storm-related mortality were discounted in the WHO (2014) study due to
inadequate data, but they are discussed briefly below, and elsewhere in the report (Sections
3.1,3.2,3.4,3.5and 3.7).

3.3.3 Vector-borne diseases

Rising temperatures and changes in rainfall will affect the seasonality and spatial
distribution of vector-borne diseases, most importantly malaria (Cissé et al., 2022 — high
confidence). Higher temperatures support faster development of the malaria parasite within
mosquitoes and lead to more frequent bites, although the relationship is not linear. The optimal
temperature for transmission of malaria is around 28-30°C. Beyond 35°C, the survival of the
vector (malaria disease) declines (WHO, 2014). However, rising temperatures may bring other

43 Global Burden of Disease (GBD) regions are grouped into seven super-regions that exhibit similar
cause-of-death patterns.

44 Because many of the impacts will be non-fatal. Assessing health outcomes by both mortality and
morbidity (the prevalence of diseases) provides a more encompassing view on health outcomes, with
the sum of both referred to as the ‘burden of disease’ measured in ‘Disability Adjusted Life Years’
(DALYs). One DALY represents one lost year of healthy life.
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areas, previously too cold for malaria transmission, above a critical minimum temperature
around 15-18°C, thereby potentially increasing overall transmission. Rainfall and humidity also
affect case incidence, with the onset of the rainy season, high humidity levels and flooding
associated with increasing cases (Sarkar et al., 2019). Most people who die from malaria are
children under 5 years old (WHO, 2014).

Rising temperatures and changing rainfall patterns will create new areas of malaria
exposure and contract others, with an overall estimate of 287 additional deaths per year
attributable to climate change in Southeast Asia by 2050 (WHO, 2014 — Table 1).
Projections are based on a combination of temperature and rainfall changes (mean
temperature of the coldest month, maximum monthly rainfall) and changes in GDP per capita
as a proxy for different aspects of welfare and economic status that correlate with prevention
(WHO, 2014). Socio-economic development has a dominant influence on the long-term
contraction of malaria risk (vs geographic exposure): without GDP growth and considering
climate change effects and population growth only, the population at risk increases from 27
million to roughly 362 million in 2050 (WHO, 2014).

Despite an overall contraction in risk, new areas of potential exposure may open up at
the fringes of current transmission zones, particularly at higher elevations where cooler
temperatures have hitherto restricted transmission. For example, in the upland areas of
Myanmar, Lao PDR and Viet Nam that are currently malaria free, or where current
transmission is interrupted by the cold season. However, parasite prevalence and malaria
transmission will remain more sensitive to non-climate factors, including land use change (e.g.,
deforestation, urbanisation), demographic shifts (e.g. rural-urban migration), and the efficacy
of prevention and control strategies (including anti-malaria drug efficacy/resistance, vector
insecticide efficacy/resistance, and the spread of invasive vector species) (WHO, 2015).

Other vector-borne diseases are also positively correlated with temperature and
rainfall/humidity, including dengue fever, chikungunya, Japanese encephalitis, visceral
leishmaniasis, and lymphatic filariasis. The WHO study summarised in Table 1 does not
project any climate-attributable excess mortality to dengue fever (WHO, 2014), although
dengue-suitable areas are found throughout tropical and sub-tropical climates, mostly in urban
and semi-urban areas (in contrast to malaria). Infection is often asymptomatic or results in
only mild illness. Nonetheless, suitable areas for dengue transmission are expected to
increase throughout Asia as temperatures rise and rainfall patterns change (Cissé et al.,
2022). Outbreaks in summer 2023, including in Thailand, Malaysia, and Cambodia, have
resulted in high case incidence and a number of deaths (SCF, 2023). Outbreaks have been
linked to floods, high temperatures, and the potential impacts of El Nifio creating more
favourable breeding conditions for mosquitos (SCF, 2023).

Whether elevated exposure to vector-borne diseases translates into higher morbidity
and mortality will depend mainly on efforts to tackle vector breeding and transmission
pathways. In the WHO Southeast Asia Region, including Indonesia, Thailand, Myanmar, and
Timor-Leste, total malaria cases and deaths have fallen by 76% in the last decade, and 74%
in the previous decade in spite of more favourable climate conditions (WHO, 2022). Excluding
India, most remaining cases are in Indonesia and Myanmar. Between 2020 and 2021, there
was an increase of roughly 400 000 cases in the region, with over half in Myanmar (WHO,
2022). Malaria incidence and mortality have also dropped significantly in the WHO western
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Pacific region, although malaria remains endemic in Cambodia, Philippines, Lao PDR and Viet
Nam (WHO, 2022).

3.3.4 Diarrhoeal and water/food-borne diseases

Diarrhoeal diseases are affected by temperature and rainfall and remains one of the
leading causes of mortality and morbidity in Southeast Asia, especially in children
(WHO, 2014; Cissé et al., 2022; Shaw et al., 2022). Children who die from diarrhoea (including
cholera) often suffer from underlying malnutrition, which makes them more vulnerable to
diarrhoea. Each diarrhoeal episode, in turn, makes their malnutrition worse. Diarrhoea is also
a leading cause of malnutrition in children under five (WHO, 2017), with most infections
occurring via faeces-contaminated water. The highest under-5 death rates attributable to
diarrhoeal disease are found in Myanmar, Lao PDR, Cambodia, Indonesia, Philippines and
Timor-Leste (IHME-GBD, 2019), linked mostly to unsafe water, sanitation and hygiene
behaviours (Pruss-Ustun et al., 2019).

Rising temperatures will increase risks from diarrhoeal disease, with an estimate of 383
additional deaths/year attributable to climate change in 2050 (WHO, 2014; Cissé et al.,
2022 — Table 1). The only climate variable considered in the WHO projection (Table 1) is
temperature. Although current knowledge of temperature-diarrhoea relationships over time
remains limited, most studies indicate that the rate of bacterial infections increase by 3-11%
per 1°C of temperature increase (WHO, 2014; Carlton et al., 2016). A growing body of
evidence also highlights the combined effects of higher temperatures and rainfall (particularly
heavy rainfall events and floods) on disease risk, with associations highlighted for Cambodia,
Lao PDR and Philippines, as well as the wider Asia region (Cissé et al., 2022; Shaw et al.,
2022). The additional mortality (Table 1) linked to climate change in Southeast Asia is much
less than projected for South Asia because of higher income levels, better health provision
and progress in extending access to safe water and sanitation (see Section 3.1 and TRD
Section F), although progress is highly uneven between and within countries (see 3.3.1
above).

Evidence highlights a causal relationship between heavy rainfall, typhoons, flood
events, and outbreaks of water-related disease, including cholera, hepatitis A and E,
typhoid, polio and pathogenic E. coli (Alderman et al., 2012; Cissé et al., 2022 — high
confidence). This is because rapid onset climate events can damage, destroy, or overwhelm
basic health infrastructure, and flush pathogens into drinking water sources and the wider
environment (Howard et al., 2016; Nijhawan and Howard, 2022). Indonesia, for example, has
the highest diarrhoeal disease death rate in the region (IHME-GBD, 2019), and an estimated
95% of faecal sludge is still discharged (untreated) into the environment because of
inadequate sanitation (World Bank, 2017). Flooding causes regular outbreaks of water-related
disease, particularly in the poorer, informal settlements of Jakarta (World Bank, 2017). Lao
PDR, with second highest diarrhoeal disease death rate (IHME-GBD, 2019), has the lowest
levels of access to safe water in the region and experiences frequent floods and outbreaks of
water-related disease, including leptospirosis. Within the region’s urban areas, over 20 million
people are already at high risk from pluvial floods, mainly in Viet Nam (10 million), Cambodia
(4 million) and Indonesia (3 million) (FAO, UNICEF, WFP, WHO (2023). The combination of
rising temperatures and more extreme rainfall events across the region (IPCC, 2021 — see
Section 2) can therefore be expected to increase risks from a wide range of water-related
diseases (Cissé et al., 2022; Shaw et al., 2022).
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Increases in food-borne diseases are also associated with rising air and water
temperatures although transmission pathways are complex (Cissé et al., 2022 — high
confidence). Risks can occur throughout the food chain and involve a wide range of
pathogens. Access to reliable, affordable energy for cooling is a key food safety concern, but
also relates to the cooling needs of health services that require cold chains for transporting
temperature-sensitive medical products. These include vaccines which typically require
consistent cold storage at 2°C to 8°C to maintain their efficacy — for e.g., cholera, polio,
tetanus, malaria, diphtheria, typhoid, Covid-19 (SDC, 2022). Rising temperatures and climate-
related interruptions to electricity supply (see Section 3.5) could therefore compromise a wide
range of public health interventions.

3.3.5 Undernutrition

Climate variability and change contribute to undernutrition and disease susceptibility,
although pathways are complex and difficult to untangle (Phalkey et al., 2015; Leiber et
al., 2022; Cissé et al., 2022 — high confidence). Climate variables such as rainfall, extreme
weather events, seasonality and temperature have all been linked to nutritional outcomes via
impacts on food security and health, although many non-climate drivers linked to location,
wealth, age and gender are also important. Undernutrition itself has different dimensions,
though the commonly used indicator is childhood (under 5) stunting.*®

Climate change may increase the risk of undernutrition, with an estimate of over 3000
additional deaths per year attributable to climate change in 2050 (WHO, 2014 — Table 1).
The estimate is based on a chain of model outputs that combine climate, crop production, food
trade and nutritional variables. Uncertainty intervals are large, reflecting difficulties in isolating
the climate signal in pathways to impact, but projected increases are driven largely by
temperature-related reductions in agricultural production and food availability (see Section
3.1). More recent research, summarised by Lieber et al. (2022), highlights the impacts of
droughts, floods and climate variability (adopted as climate change proxies) on nutritional
outcomes, showing a strong positive relationship with undernutrition, especially for droughts.
Longer-term reductions in agricultural yields and short-term production shocks associated with
climate extremes could also increase food prices and affect food affordability for poorer
groups, particularly the urban poor, vulnerable to fluctuations in the availability of work and the
cost of food (FAO, UNICEF, WFP and WHO (2023) — see Section 3.1.6. Collectively, these
risks will likely hamper progress on SDG2: ending hunger and improved nutrition (United
Nations, 2015).

Southeast Asia already has one of the highest undernutrition (stunting) levels in the
world (26%), with 14 million children under five facing a lifetime of physical and
cognitive deficits as a result (UNICEF/WHO/World Bank Group, 2023). Prevalence is very
unevenly spread, however. Lao PDR, Indonesia and Timor-Leste have the highest rates in the
region (28%, 31% and 45%, respectively, in 2022), although they are not the poorest in terms

45 Stunting refers to a child who is too short for his/her age, and results from a failure to grow both
physically and cognitively. It is caused by chronic or recurrent undernutrition.
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of GDP/capita (see TRD Section F). Indonesia and Timor-Leste also have the highest
prevalence of under 5 child wasting in the region*® (UNICEF/WHO/World Bank Group, 2023).

A combination of climate change, poverty, state fragility (Myanmar), and the enduring
secondary effects of the Covid-19 pandemic are undermining efforts to tackle
undernutrition and will continue to shape future trends. The impacts of climate change
on undernutrition will be most apparent in the aftermath of extreme events — droughts and
floods in particular — with heavy rainfall events and typhoons projected to increase in intensity
across the region (IPCC 2021 — see Section 2). In Myanmar, for example, the combination of
conflict, displacement, economic fragility and extreme events (most recently the impact of
Typhoon Mocha and associated flooding in May 2023) has left over 25% of the country’s
population acutely food insecure. Around 2.2 million children and women in Myanmar were
projected to need nutrition assistance in 2023 — a 10% increase compared to 2022 (WFP and
FAO, 2023).

3.3.6 Temperature extremes

In Southeast Asia increases of heat-related mortality and heat-related health impacts
are expected. This is due to large populations living in areas already experiencing high
summer temperatures — particularly in tropical continental Southeast Asia (southern Myanmar,
southern Lao PDR, southern Viet Nam, Thailand, and Cambodia). These regions are projected
to experience even hotter summer temperatures of up to 40°C more regularly in the future.
However, while there is a growing body of evidence linking climate change to extreme heat
events in Southeast Asia (see Section 2), the number of studies that assess links between
heat extremes and heat-related mortality remains small, albeit growing (Cissé et al., 2022).
Recent systematic reviews examining the global evidence (e.g. Faurie et al., 2022) indicate
that for every 1°C increase in temperature, direct heat illness morbidity and mortality increases
by 18% and 35%, respectively.

Projected increases in the intensity and frequency of heat extremes across the region
pose significant risks to health, with thousands of additional deaths/year estimated for
Southeast Asia in 2050 (WHO, 2014 — see Table 1; Cissé et al., 2022). Extreme high
temperatures affect mortality and morbidity through heat stroke, dehydration, and the
exacerbation of respiratory and cardiovascular conditions, with the latter contributing most to
excess deaths (Cissé et al., 2022; very high confidence). Heat stress occurs when the body
is unable to regulate its temperature between 35-37°C. Projections for Southeast Asia indicate
that the number of days above 35°C will increase by over 40 days per year across all but
mountainous areas, while days above 40°C may increase by 10-30 days per year across
inland parts of Thailand, Lao PDR, and Myanmar (see Section 2).

Combinations of heat and humidity pose the biggest risks to health and are
exacerbated when overnight temperatures do not drop below 20°C (referred to as
‘tropical nights’) and allow sufficient cooling. These high overnight minimum temperatures
already occur year-round in the maritime countries of Philippines, Indonesia, Malaysia,
Singapore, Brunei Darussalam, and Timor-Leste and during the summer in continental

46 Wasting is a relatively short-term condition, with data captured at the time of survey. Child wasting is
the life-threatening result of poor nutrient intake and/or recurrent ilinesses. Children suffering from
wasting have weakened immunity, are susceptible to long-term developmental delays and face an
increased risk of death (UNICEF/WHO/World Bank Group, 2023).
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countries of Myanmar, Lao PDR, Viet Nam, Thailand, and Cambodia (Section 2). With
projected future warming, tropical nights will occur more frequently, and during more months
of the year. A threshold of around 35°C (wet bulb ambient air temperature)* is often cited as
a ‘survivability’ limit, beyond which even short periods of exposure can cause serious ill-health
and death (Im et al., 2017), although more recent research suggests the limit may be lower
(Vacellio et al., 2023).

Southern Asia, including continental Southeast Asia, will experience the greatest
cumulative exposure to heat-wave events (measured in person days), and heat-related
mortality, of any global region (Jones et al., 2018; Cissé et al., 2022). This is because of
the region’s high (and rapidly growing) population, rapid urbanisation and combination of
summer heat and humidity. In continental Southeast Asia, Thirumalai et al. (2017) show that
all April heat extremes occur after El Nifio years, and that global warming has significantly
increased the likelihood of such events. For example, 29% of the 2016 extreme April heatwave
was attributed to climate change (Thirumalai et al., 2017). For Cambodia, the World Bank
(2021) conclude the country faces a transition to a state of permanent heat stress as a result
of temperatures and humidity which regularly surpass levels safe for people.

Risks vary between rural and urban areas and between population groups. The most
vulnerable to heat-related health problems are the elderly, infants, pregnant women,
people living in cramped conditions, and outdoor workers. High rates of urbanisation,
and particularly the growth of informal settlements within urban areas, will increase the risks
of heat stress (Cissé et al., 2022; Shaw et al., 2022). Risks will be amplified for those without
electricity or income for air conditioning or fans*® to cool their homes (see Section 3.5). Over
30% of the urban population in Myanmar, Cambodia, Philippines and Timor-Leste live in
informal settlements (see TRD Section F), and since many work as informal (outdoor)
labourers, exposure to heat is particularly high. Evidence from South Asia (India), likely
applicable to Southeast Asia, highlights links between occupational heat exposure and
adverse pregnancy and foetal outcomes, with heat-exposed women experiencing a doubled
risk of miscarriage (Rekha et al, 2024). Impacts on the agricultural labour force in terms of
working hours potentially lost to heat stress are discussed in Section 3.1.

Risks are typically higher in urban areas because of the ‘heat island’ effect. Although
urban-rural temperature differentials of 1-5°C are often cited in the literature, heat island
effects can be much bigger. In Phnom Penh, Cambodia, daytime temperature differentials
of 4°C between rural and urban areas have been recorded (World Bank, 2021). However,
satellite observations and outdoor weather station data may under-estimate intra-urban
hotspots shaped by settlement characteristics and the properties of residential structures, as
well as the indoor heat exposure typically experienced by the urban poor living in cramped
conditions with inadequate cooling (Tasgaonkar et al., 2022; Kim et al., 2023).

47 A measure of humid heat stress, recognising that the body’s ability to regulate temperature depends
on humidity (and hence evaporative cooling through sweating), not just air temperature.

48 Health agencies have historically cautioned against the use of electric fans in very hot weather
because they can accelerate body-heat gain. More recent research indicates that fans can improve
sweat evaporation in air temperatures below 35°C but should not be used at higher temperatures
(Meade et al, 2024).
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3.3.7 Air quality

Climate change can contribute to air pollution and also modify air pollution effects
(Shaw et al., 2022 - medium confidence). For example, intensified droughts and heatwaves
contribute to wildfires and dust storms across Asia, though mainly in Central and South Asia.
In Southeast Asia, transboundary haze created by (deliberate) burning is much more an issue
— see below.

Higher temperatures and heatwaves can aid the formation of surface ozone, causing or
exacerbating respiratory problems (Shi et al., 2020; Cissé et al., 2022). Surface ozone is
created through the interaction between pollutants (e.g., car emissions) in the presence of
heat and sunlight. Few studies have attempted to isolate the contribution of climate change to
ozone-related mortality. One global analysis to the end of the century (Silva et al., 2017)
projected increases across all global regions, but with deaths concentrated in East Asia, North
America and India, albeit small in number compared with other causes.

Air pollution is now a leading cause of morbidity and mortality in the region, although
the contribution of climate change to air pollution remains uncertain. Indoor and outdoor
air pollution is among the top three risk factors for all-cause mortality in Myanmar, Lao PDR,
Cambodia, and Timor-Leste (IHME-GBD, 2019). A growing social, economic, and political*®
issue is transboundary haze caused by the deliberate ‘slash and burn’ of peatland forests® to
clear land for agriculture, mainly in Indonesia and Malaysia (Cheong et al., 2019; Tong, 2023
— see also Section 3.6). Fires have generated seasonal cycles of haze across much of the
region since the 1980s, including in Singapore, Brunei Darussalam, Thailand and Philippines,
as well as Indonesia and Malaysia. The role climate change might play in affecting the
coverage, density and duration of these fires is uncertain, although droughts, high
temperatures and dry weather conditions associated with El Nifio events may increase their
severity. Air quality and health data are limited but suggest a link between haze exposure and
a range of respiratory, cardiovascular and neurological conditions (Cheong et al., 2019; Tong,
2023).

49 Recognising the severity of the problem, ASEAN countries have now ratified the ASEAN Agreement
on Transboundary Haze Pollution.

50 Tropical peatlands coexist with swamp forests. Indonesia and Malaysia contain the largest tropical
peatlands globally and are significant carbon sinks. Once drained and cleared they dry out very quickly,
releasing large amounts of GHGs, and becoming fire prone. They can burn deep underground, making
peat fires difficult to put out once started (see Tong, 2023).
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3.4 Infrastructure and
settlements

Image location: Phnom Penh, Cambodia

Summary of risks relevant to infrastructure and settlements

e Climate risk and poverty will increasingly coincide in Southeast Asia’s growing urban areas where robust
infrastructure provision lags behind urban expansion. Just over 50% of the region’s population now live in urban
areas; by 2050 the share will likely exceed 60%.

e Poorer urban households living in informal settlements are most exposed to climate hazards since land and housing
markets push them into riskier places with inadequate housing, services, and drainage. Increases in extreme rainfall,
flooding, and heat pose the biggest risks. Over 20 million urban residents are already at high risk from pluvial floods,
mainly in Viet Nam (10 million), Cambodia (4 million) and Indonesia (3 million)

o Climate-related shocks and trends can contribute to both increases and decreases in migration, with no clear overall
trends for the region. Projections to the 2050s identify the Mekong delta as a potential out-migration hotspot because
of the impacts of rising sea levels and storm surges on agricultural productivity, but estimates of climate-induced
migration may over-simplify drivers of change.

e Southeast Asia’s transport and communications systems are vulnerable to climate extremes, particularly floods.
Annual damages from existing natural hazards to regional road and rail networks are estimated at USD2.2 billion,
mainly from floods and typhoons, and could be expected to increase significantly as hazards intensify.

o Densely populated coastal settlements, port infrastructure, and maritime trade face threats from more intense
typhoons, storm surges, and floods, as well as rising sea levels. High-risk areas include Viet Nam with 300 low-lying
coastal cities, and Indonesia where 18% of the population live in low-elevation coastal areas. Regional cities
experiencing the fastest changes in relative sea level rise — mainly from land subsidence — are Ho Chi Minh City (Viet
Nam), Yangon (Myanmar), and Jakarta (Indonesia).

o The risks to infrastructure and settlements highlight the need to Build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation (SDG9) while also making Cities and human settlements inclusive,
safe, resilient and sustainable (SDG11).

o While the severity of climate-related impacts is often measured in terms of direct, short-term damage to infrastructure,
longer-term impacts on the services, businesses, and people it supports receive less attention. Plugging this evidence
gap would help identify priority investments in networks, not just assets.
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3.4.1 Context

Infrastructure systems and the services they provide are critical for socio-economic
development. Climate hazards can damage assets, disrupt network connectivity and trade
over wide areas, and undermine progress on economic development and poverty reduction
(Hallegatte et al, 2019). Across the region, there are concerns over the severe and persistent
shortage of quality infrastructure, with existing and emerging climate hazards highlighting gaps
in provision and posing threats to existing assets and services (Hallegatte et al., 2019; ESCAP,
2020).

Disasters linked to natural hazards, particularly floods, cyclones and heat waves, will likely
increase in frequency and/or intensity (Section 2), although disaster-related mortality is
declining (IPCC, 2022). According to the EM-DAT database (the International Disaster
Database), between 1995 and 2022 climate-related disasters®' inflicted a total of 1,86,020
human fatalities in Southeast Asia (CRED-EM-DAT, 2023). On average, such disasters have
affected (injured, displaced and otherwise affected) nearly 13.5 million people annually and
caused an average annual economic loss of USD 6 billion across the region over the same
period (CRED-EM-DAT, 2023). A majority (more than 75%) of these impacts were caused by
floods and typhoons. While trends in human lives lost have declined due to improvements in
disaster preparedness and emergency response, such events still affect millions of people

o Rapid onset event, e.g. flood or storm surge

Public services compromised A flash flood damages energy supply, for
example by flooding an electricity
sub-station. This direct impact of the flood

aupply Urban services cascades rapidly to produce compound
< impacts on social infrastructure through
Supply broken Communication Social services

Transport disrunted gi d compromising urban services, breaks in IT
’ ’ isruple services and shutdown in traffic

Information Technology ﬂ management,
Goods and Social infrastructure
people unable to travel

Slow-onset or chronic impacts, e.g. recurrent food price shocks or everyday flooding

Traffic management
systems disrupted Energy

Increased reliance on formal support services
exceeds capacity The chronic impacts of everyday flooding damage

Reduced budget social infrastructure over time as livelihoods, local
health and education services are eroded. These
impacts cascade through reduced city tax income at

Loss of human skills Communication Social services a time when there is increased demand for urban
disrupted disrupted services including public transport, out-migration of
Failure to skilled workers reduce the skill base to maintain IT
maintain and nature based solutions such

as public parks. These impacts in turn
constrain social infrastructrue

Goods and Social wellbeing eroded

people unable to travel

Figure 8: Climate impacts cascading through infrastructure networks. Source: IPCC (2022).

51 Climate-related disasters include heavy rains and subsequent floods and landslides, storms,
droughts, cold waves, and heat waves.

72

Hadley Centre

© Crown Copyright 2024 Met Office




annually (especially poorer households) and cause large-scale economic losses and damages
to infrastructure and economies (Panwar and Sen, 2019; Tasri et al., 2022).

Infrastructure networks have become increasingly interdependent. As a result, climate
hazards cause direct physical damage to assets as well as indirect impacts that cascade
through interconnected systems (Hallegatte et al., 2019; IPCC, 2022 — see Figure 8). For
example, the failure of road networks can cause short-term travel delays and hinder the supply
of emergency services to affected populations (He et al., 2022), as well as disrupting people’s
access to markets, jobs, health care and fuel over the medium to longer term (Hallegatte et
al, 2017; He et al,2022). For this reason, more recent vulnerability and resilience assessments
consider integrated systems and cascading risks (see, for example, Dawson, 2015; Thacker
et al., 2017).

3.4.2 Housing and settlements

Rapid urbanisation in Southeast Asia is increasing pressure on fragile and
overstretched infrastructure. Southeast Asia is home to roughly 690 million people — some
8% of the world population — with Indonesia, Philippines and Viet Nam accounting for 70% of
the regional total (UN World Population Prospects data for 2022 — see TRD Section F). Just
over half (51%) currently live in urban areas, but the rapid pace of urbanisation driven by
natural growth, rural-urban migration and the transformation of rural villages/towns into urban
centres will see that share rise to around 56% by 2030 and over 60% by 2050 (ASEAN, 2022).
Within the region as a whole, however, there are striking variations between countries:
Singapore (100%) and Brunei Darussalam (79%) are the most urbanised, while Cambodia
(25%) and Myanmar (32%) are the least urbanised (UN World Population Prospects data for
2022 — see TRD Section F).

Rural-urban migration has already resulted in the growth of informal settlements and
‘secondary’ towns and cities where infrastructure provision lags behind urban
expansion (IPCC, 2022; ASEAN, 2022). Many of the fastest-growing urban areas are smaller
‘middleweight’ cities with 200,000 to two million people (ASEAN, 2022). Such settlements are
often ‘spontaneous’ extensions and neighbourhoods emerging beyond or across
administrative boundaries that are not officially recognised as urban. A key feature of urban
growth — in secondary cities and larger urban centres and capitals — has been the expansion
of informal settlements lacking one or more basic living condition or services (e.g., improved
sanitation, durable housing, water, electricity etc.) (World Bank, 2020a). For instance, 58% of
the urban population of Myanmar lives in informal settlements, the highest share in the region,
followed by Philippines (37%) and Indonesia (20%) (UN-HABITAT, 2020 data — see also TRD
Section F). One out of every four people in Metro Manila (capital region of Philippines) rely on
informal housing (Singh and Gadgil, 2017). This highlights the need to build resilient
infrastructure, promote inclusive and sustainable industrialization and foster innovation
(SDG9) while also making cities and human settlements inclusive, safe, resilient and
sustainable (SDG11; United Nations, 2015).

Lower-income populations living in the region’s informal settlements are most
vulnerable to climate-related hazards, particularly intense rainfall generating pluvial
floods and heatwaves (Shaw et al, 2022; Carreta et al, 2022; Dodman et al, 2022). Lower-
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income households are more likely to be pushed into more exposed (often low-lying, flood-
prone) areas where land is cheaper and more easily accessible (Hallegatte, 2016; Dodman et
al., 2022). Across the region, over 20 million urban residents are already at high risk from
pluvial floods, mainly in Viet Nam (10 million), Cambodia (four million) and Indonesia (three
million) (FAO, UNICEF, WFP, WHO, 2023). In Ho Chi Minh City (Viet Nam), for example,
flood-prone areas are typically much cheaper than riskier places for the same quality of
accommodation (Rentschler and Salhab, 2020). As a result, poorer households are
disproportionately affected by floods and attendant health risks (see Sections 3.2.3; 3.3.4),
and typically lose a much larger fraction of their wealth when they are impacted — pushing
people into poverty and/or keeping them poor (Winsemius et al., 2018). Those living in
overcrowded informal settlements with limited or no access to cooling are also more
vulnerable to heat-related risks (see 3.3.6). While larger cities have the potential to draw on
significant human and financial resources to address vulnerabilities and invest in resilient
infrastructure — often receiving the lion’s share of state revenue in Southeast Asia - this is
often not the case in fast-growing smaller towns and villages lacking the resources, or political
mandate, to deliver services (ASEAN, 2022).

Climate hazards could also drive internal migration, permanent or temporary, putting
further pressure on housing and other infrastructure at growing in-migration hot spots.
Scenario modelling by the World Bank focussing on the slow onset impacts of climate change
on livelihoods®? suggests that, by 2050, East Asia and the Pacific could see an additional 49
million internal migrants in the absence of concrete action on climate mitigation and adaptation
(Clement et al., 2021). The Lower Mekong subregion is singled out as a potential out-migration
hotspot, with sea-level rise and storm surges undermining agricultural livelihoods in the
Mekong delta (see also Section 3.2; Focus Box 4). Climate in-migration hotspots are projected
to emerge in areas where the population is already growing, such as the Red River Delta and
the coastal central region of Viet Nam, with less risky climate and agro-ecological conditions
(Clement et al., 2021).

Evidence to date on migration drivers and trends is mixed, however, with no longer-
term, upward trend apparent. Climate-related shocks and trends can contribute to both
increases and decreases in migration, with no clear overall trends for the region (Schwerdtle
et al., 2020; Selby and Daoust, 2021). Most research indicates that while climate impacts
shape the scale and nature of migration, climate change does not act in isolation to drive
mobility (Fiddian-Qasmiyeh, 2019; Schwerdtle et al., 2020). Rather, the evidence highlights
climate as one of many ‘push’ and ‘pull’ factors, with no simple causal chain or robust
estimates of climate-induced migration based on commonly agreed methodologies — see
Focus Box 6 (Gemenne et al., 2011; Fiddian-Qasmiyeh, 2019; Boas et al, 2019; Selby and
Daoust, 2021). Over the longer-term (2050 onwards), and at progressive levels of warming,
the IPCC conclude that involuntary, climate-influenced migration will likely increase from
regions of high exposure and low adaptive capacity (IPCC, 2022 — medium confidence).

52 \Via shifts in water availability, crop productivity, and/or sea-level rise and storm surges.
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Focus Box 6: Climate change and migration: global and regional evidence

The impact of climate change on the movement and distribution of people has been much debated.
Globally, commonly cited articles have put the number of ‘climate migrants’ at 200-300 million by
2050 (e.g. Miller, 2017). However, the empirical basis for this scale of displacement is absent
(Gemenne, 2011; Fiddian-Qasmiyeh, 2019; Selby and Daoust, 2021). Rather, the evidence points to
climate as one of many possible drivers, with no simple causal chain or robust estimates based on
commonly agreed methodologies (Gemenne, 2011; Schwerdtle et al., 2020; Selby and Daoust,
2021).

A rapid evidence review commissioned by FCDO (Selby and Daoust, 2021) reinforces the view that
almost all forms of migration are multi-causal: affected by complex combinations of ‘push’ and ‘pull’
factors as well as by migrant agency, aspirations and capabilities. Climate change coincides with
other transformations and hazards, many of which may be exacerbated by climate change but
typically have roots elsewhere — job losses, land acquisition, land degradation, declining farm sizes,
conflict and so on.

Drawing on the studies reviewed on migration in the Bay of Bengal (and other non-Asian regions),
Selby and Daoust (2021) conclude:

o Climate-related shocks can contribute to increases and decreases in migration; there is no
upward trend in migration linked to climate extremes.

e Movement in response to climate-related shocks is mainly internal or local rather than long-
distance or international; evidence on whether it is mainly temporary or permanent is mixed.

e There is strong evidence that local experiences and attachments to place are often privileged
over concerns about future climate change.

e Poorer individuals and households are particularly affected by both migration pressures and
barriers to movement. Lower wealth accumulation in rural settings may hinder large-scale
migration from marginal areas, contributing to spatial poverty traps.

e There is no evidence so far of global climate change-induced sea-level rise contributing to
migration.

¢ A limited body of evidence indicates that climate change narratives among authorities and
elites (e.g. around sea-level rise and displacement) may contribute to migration pressures.

To conclude, although the potential for climate change to disrupt livelihoods and contribute to
migration decisions is clear, the attempt to distinguish between ‘climate migrants’ and ‘non-climate
migrants’ and quantify ‘new’ mobility resulting from climate change is inherently flawed (Boas et al,
2019). Research needs to better explore the non-linear complexity of mobility in the context of climate
change and include affected populations in the research effort (Boas et al, 2019).

Risks to housing infrastructure in Southeast Asia have been highlighted by numerous
extreme events over in the last 20 years, including floods, heavy rains, landslides and
typhoons (see Table 2). For instance, floods in Thailand in 2011 damaged nearly two million
houses, causing an estimated loss of USD2.5 billion — some 59% of total infrastructure
damages (World Bank, 2012). In 2013, typhoon Yolanda (international name: Haiyan) in
Philippines caused over 6000 deaths and affected more than 16 million people (GoP, 2014).
The typhoon destroyed more than one million houses, leaving millions of people homeless
and causing an estimated economic loss of USD1.2 billion — over 80% of total infrastructure
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losses. Similarly in 2017, typhoon Damrey in Viet Nam affected more than 4.3 million people
and caused USD162 million in housing damages (World Bank, 2018). However, while human-
induced climate change is already affecting many weather and climate extremes across the
globe, attributing human influence remains problematic given data constraints in the region
(see Section 2.2), as does the attribution of impacts (see below).

While disasters are often framed as natural events, with causality that links climate
extremes directly to damage, in practice impacts are shaped by the exposure and
vulnerability of people and infrastructure. Simple ‘natural disaster’ framings can divert
attention away from dynamic place-based vulnerabilities and their socio-political causes,
reducing human agency to only the contribution it makes to the hazard part of risk (Hulme,
2011; Lahson and Ribot, 2021). In reality, risks are clearly influenced by (for example) the
concentration of poor households in flood-prone informal settlements (see above), or the
failure to build and maintain adequate flood defences (Lahsen and Ribot, 2021; Otto et al.,
2023). Linking extreme weather events to climate change is one attribution step, and one that
remains problematic for the region because of data constraints (Section 2.2); explaining an
associated crisis and its costs is a very different one (Peterson et al, 2012; Lahsen and Ribot,
2021).

Table 2: Estimated economic losses to housing infrastructure caused by major disasters in Southeast Asia (in USD
millions). Source: Authors’ compilation from post-disaster needs assessment (PDNA) studies and government
estimates for respective events;, CRED-EM-DAT (2023). ‘USD m’ refers to United States Dollar in millions.

Extreme event/disaster | Affected Total Total Losses | Housing
population | economic | infrastructure | to sector losses
losses (in | losses (USD | housing [as %  of
USD m) m) sector infrastructure
(USD m) | losses
Floods, Myanmar, 2015 1600000 1554 533 450 84%
Floods, Thailand, 2011 13570000 | 18300 3954 2346 59%
Floods, Viet Nam, 2016 659615 227 112 10 9%
Typhoon Sendong, | 388319 150 114 69 61%
Philippines, 2012
Typhoon Yolanda, | 16078181 2912 1490 1222 82%
Philippines, 2013
Typhoon  Seroja  and | 33835 308 250 70 28%
floods, Timor-Leste, 2021
Typhoon Damrey, Viet | 4330000 423 187 162 87%
Nam, 2017
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3.4.3 Transportation

Extreme weather events can damage and disrupt all modes of transportation. Annual
damages from existing natural hazards to road and rail networks in Southeast Asia are
estimated at USD2.2 billion and could be expected to increase significantly to the
2050s° (Koks et al., 2019). Risks to livelihoods, businesses and economies are exacerbated
where transport networks are fragile and have little redundancy (Hallegatte et al., 2019;
Dodman et al., 2022). A global and regional analysis of transport exposure to natural hazards
(typhoons, earthquakes, surface flooding, river flooding and coastal flooding) highlights the
exposure of Southeast Asia’s transport networks, overwhelmingly to floods but also cyclones,
and the relatively low cost (vs damage costs avoided) of building in more resilience (Koks et
al., 2019). Study estimates of expected annual damages (EAD — see Figure 9) did not consider
climate futures, but costs could be expected to increase significantly given projected increases
in extreme rainfall and typhoon intensity (Section 2). Impacts will vary depending on country
size and economic status. For example, in absolute terms, EAD to transport infrastructure is
substantially higher in Indonesia, Viet Nam and Philippines, while EAD as a percentage of
GDP is higher in Myanmar and Lao PDR (Figure 9).

800.00 0.45
730.08 0.43

700.00 0.40
035
600.00
030
500.00 465.34
409.62 023 025
020
293.01
015
14
200.00 011
» 148.95 010
100.00 07 >3
’ W o003 43.80 2080 005 005
03 ‘ .
. [ = 151 13855, 0.99

0.00 0.00
Indonesia Viet Nam Philippines Myanmar Thailand Malaysia Lao People's Cambodia Singapore Brunei Timor-Leste
Democrat tic Darussalam
Republic

- Expected annual damage (median) EAD (% of GDP)

% of GDP

w =
8 8
o °
3 3

US$ million (2019)

Data source: Koks et al. (2019)

Figure 9: Expected annual damage (EAD) from multi-hazards to road and rail infrastructure in Southeast Asia
(median values for 1 in a 100-year event).

Damage estimates typically underestimate the total economic cost of climate hazards
because they do not consider indirect, cascading impacts through infrastructure
networks (OECD, 2018; Hallegatte et al., 2019; Dawson et al., 2018). For example, He et al.
(2022) demonstrate how the indirect impacts of floods on urban economic systems, and
specifically mobility, far exceed direct infrastructure impacts. The study highlights Southeast
Asia as a hotspot region where road networks are highly sensitive to flood impacts, and where
floods of relatively low intensity can induce failure rates® of more than 50%. Viet Nam, for

53 These are median estimates for 1 in a 100-year event. The study uses a variety of sources of cost
data, fragility curves, and assumed parameters for each hazard to estimate infrastructure damages.
This specifically includes direct damages to road and rail assets, and do not include the indirect costs
from transport delays and disruption, or wider economic impacts.

54 Exceeding a 30cm inundation threshold.
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example, has expanded its road network significantly over the last two decades, but most of
its 400,000 km network has not been built to withstand projected increases in extreme rainfall
(Oh et al., 2019 — see Focus Box 7).

There is still limited evidence on the projected impacts of climate change on transport
infrastructure particularly in low and lower middle-income countries. Further research is
therefore required to generate robust evidence of such impacts. Analysis of the
macroeconomic impacts of transport system failures due to natural hazards could be
extremely useful given the interconnected nature of transport infrastructure within and across
infrastructure systems. This would enable identification, comparison and prioritisation of
transport resilience measures.

Focus Box 7: Economic impacts of climate risks on Viet Nam’s transport networks

A World Bank study on multi-hazard risk analysis for Viet Nam examines the economic impact of
climate risks on the country’s national transport networks including roads, railways, civil aviation,
inland waterways and maritime systems.

The study finds that exposure to extreme hazards would substantially increase for all modes of
transports in Viet Nam under the low emission (RCP 4.5) and high emission (RCP 8.5) climate
change scenarios. For instance, corresponding to 1000-year event, national road network exposure
to extreme river flooding could increase to between 786 km to 1180 km under a future RCP4.5
scenario for 2030, as against the current exposure range of 720 km to 1163 km. The economic cost
of road network failures due to extreme hazards could be up to USD 1.9 million a day under a high
emission RCP8.5 scenario for 2030. For railway network failures, this cost could reach USD 2.6
million per day under same emission scenario. The macroeconomic impact of these combined losses
could therefore be considerable.

National and province-level road networks in Viet Nam need adaptation planning and investment
against future climate hazards, with significant resilience benefits. For example, based on the
analysis of benefit-cost ratios (BCR) of adaptation investments for the top 20 national road links with
highest BCRs, a cumulative investment of nearly USD 153 million over 35 years could generate
benefits ranging between USD 651 million and USD 3.66 billion over the same period.

Source: Oh et al. (2019).

3.4.4 Information and communication technology (ICT)

Climate change poses significant risks to digital infrastructure and the continuity of
services that ICT provides. Extreme weather events such as storms, floods, and heatwaves
can cause damage to ICT infrastructure including ‘first mile’ infrastructure (e.g., submarine
cables or terrestrial cross border links), ‘middle mile’ infrastructure (e.g., fibre optic cables,
data centres) and ‘last mile’ infrastructure (e.g., mobile towers, WiFi and internet cables)
(Sandhu and Raja, 2019; Dawson et al., 2018). Table F3 in the TRD summarises risks to these
different elements.
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Power generation and transmission for communication networks could be disrupted
by localised water scarcity and higher temperatures. Thermal power plants (TPPs) that
generate much of the region’s electricity withdraw and consume significant amounts of water,
exposing them to water shortages where other demands are increasing, and where reliable
water supplies are threatened by more variable rainfall and drought (see Section 3.5.2). Higher
temperatures can also lower the performance of power lines and other electrical equipment
for transmission and distribution (see Section 3.5.2, 3.5.3).

Damages to ICT infrastructure can have significant system-wide economic and social
impacts as many sectors of the economy rely on digital communication and data
management (Dawson et al., 2018; Hallegatte et al., 2019). Damage to ICT infrastructure can
disrupt financial transactions, transport services and supply chains, incurring large financial
losses for businesses. In Myanmar for example, floods in 2015 and the communication
outages that resulted reduced business revenues by an estimated USD1.2 million, excluding
direct physical damages to telecoms infrastructure (GoM, 2015).

3.4.5 Coastal settlements

Coastal settlements face threats from more intense typhoons, storm surges and floods,
as well as sea-level rise exacerbated by land subsidence. Coastal cities and settlements
in Southeast Asia, especially in low-lying areas of Viet Nam, Malaysia, Indonesia and
Singapore, have high populations and concentrations of economic assets (Figure 9). They will
be increasingly exposed to compound risks as rising sea levels exacerbate the effects
typhoons, storm surges and flooding linked to low elevation and constrained drainage. The
2050 climate change (global) city index®® ranks Bangkok (Thailand) and Ho Chi Minh City (Viet
Nam) as the two most vulnerable cities to relative sea-level rise (see below) and the most
likely to experience major floods by 2050 under the RCP4.5 scenario.

Risks to coastal settlements from cyclones, sea level rise, storm surges, floods and
saline intrusion, are already evident in some of the region’s major coastal cities. For
instance, among the 15 provinces in Viet Nam that were affected by typhoon Damrey in 2017,
the two coastal provinces of Khanh Hao and Phu Yen alone suffered USD292 million in losses
and damages — over 75% of total economic loss and damage from the event (World Bank,
2018). Viet Nam has 300 low-lying coastal cities frequently affected by cyclones, storm surges,
floods, and saline intrusion, with roughly one-third located on eroding coastlines (World Bank,
2022). Roughly 18% of Indonesia’s population live in low elevation coastal areas, making it
one of the largest ‘at risk’ areas globally (ADB and World Bank Group, 2021b). The
combination of high tides and river flooding in Greater Jakarta, January 2020, caused over 60
deaths and displaced more than 60,000 people (Barnes, 2020).

Future projections point to more flood and typhoon-related losses as climate hazards
intensify. In low-lying Bangkok, for example, detailed climate-hydrological modelling by the
World Bank estimated a 30% increase in the flood-prone area by 2050 under a high emission

%5 See: https://www.nestpick.com/2050-climate-change-city-index/
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scenario (Ahmad et al., 2010). This could incur more than USD1.5 billion in economic losses,
or nearly 2% of regional GDP. In Manila, the same study concluded that flood-prone areas
could increase by 42% by 2050 (for a 100-year flood event) under the same scenario, with
costs of USD1.5 billion — nearly 6% of regional GDP. Over 70% of the economic costs for both
cities are for building and infrastructure (Ahmad et al., 2010). In Viet Nam, projections suggest
6-12 million people could be affected by coastal flooding by 2070-2100, depending on the
emissions scenario, without effective adaptation (ADB and World Bank Group, 2021a).
Indonesian coasts are also vulnerable to sea-level rise and storm surges that compound river
floods (see above), with projections suggesting an additional 0.8 — 2.5 million people could be
affected by extreme river floods by 2035-2044 (ADB and World Bank Group, 2021b).%’

Coastal ports and maritime trade may also incur heavy losses, with many regional ports
already exposed to climate-related hazards that surpass operational design standards
(Verschuur et al., 2023). Based on estimates of Verschuur et al. (2023), current port-specific
median risks®® across 18 ports in Philippines could amount to USD196 million per year, and
as much as USD698 million per year (95th percentile). The trade risk (loss of trade in monetary
terms) for Philippines could be up to 3% of its annual maritime trade value. Similarly, ports in
Viet Nam face an existing trade risk as high as 2% of their annual maritime trade value due to
natural hazards (Verschuur et al., 2023), with typhoons the main risk to trade because of the
downtime they cause in port-shipping operations.

The major driver of relative sea-level rise affecting Southeast Asia’s coastal cities is
likely land subsidence rather than climate-driven sea-level rise (Tay et al., 2022). Climate-
driven sea-level rise is caused by melting ice sheets and ocean warming (IPCC 2021 — see
Section 2). However, the main driver of localised sea-level rise affecting densely populated
coastal settlements in Southeast Asia is likely land subsidence caused by groundwater
overexploitation, loading from buildings and, in the Mekong delta, the combined effects of
groundwater pumping and reduced sediment deposition (see Section 3.2, Focus Box 4).
Based on high resolution satellite imaging, Tay et al. (2022) show that the cities experiencing
the fastest changes in relative sea level (over 20mm/year) are in Asia, and for Southeast Asia
include Ho Chi Minh City (Viet Nam), Yangon (Myanmar) and Jakarta (Indonesia). Significant
variation within cities is also evident. This finding potentially provides an opportunity for local
policy makers to identify high risk areas and take remedial action, irrespective of actions taken
by the rest of the world to address climate-driven sea-level rise (Tay et al., 2022).

56 Under the conditions that currently generate a 1-in-30-year flood, but with additional rainfall projected
for a high emissions scenario.

57 Based on modelling by Sven et al (2018). Figures represent an average of four RCPs and assume
present day population distributions. Median projection is 1.4 million additional people affected.

58 The port specific median risk (50" percentile) includes risk to port infrastructure, critical infrastructure
supporting ports (like roads and railways, etc.) and trade risks measured in monetary terms, for a 1000-
year event.
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3.5 Energy

Image location: Philippines

Summary of risks relevant to energy

Closing remaining gaps in clean cooking fuel provision, increasing the share of renewables in electricity generation,
and mitigating the risks to power generation and distribution posed by climate change will be needed to achieve
SDG7: Ensure access to affordable, reliable, sustainable and modern energy for all. Access to energy has improved
across the region, with all but two countries (Myanmar and Cambodia) achieving near-universal access to electricity
in 2021.

Electricity production from existing thermal power plants could be negatively affected by more variable water supplies
(for cooling) and higher water temperatures, but evidence on current and potential impacts for the region is limited.
The regional energy mix remains dominated by fossil fuels and their use in thermal power plants to generate
electricity, although countries are seeking to transition to renewables.

Risks to hydropower arise from greater river flow variability to the 2050s, and the need to balance power generation
with other (transboundary) priorities including the maintenance of environmental services, sediment flow to
downstream deltas, and flood management. Hydropower plays an increasingly important role in electricity production
in Lower Mekong countries, especially Lao PDR (70%), Cambodia (46%), Myanmar (40%) and Viet Nam (30%), with
installed hydropower capacity along the Mekong expected to triple by 2040.

Power outputs from solar projects are sensitive to changes in the frequency of very warm, cloudy and/or hazy
conditions, but impacts to the 2050s are likely to be minor. Very high wind speeds associated with more intense
typhoons can damage wind infrastructure but adaptations for most (but not all) high-risk locations are available — at
higher cost. Solar and wind remain comparatively (to other energy sources) under-developed, though Indonesia and
Viet Nam are among the countries looking to capitalise on their potential.

Electricity transmission and distribution infrastructure will be negatively affected by rising temperatures, heat waves,
floods and strong winds. Transmission and delivery losses remain high in some countries (e.g. Myanmar), creating
cascading risks that threaten electricity access and regional power integration.

Climate risk assessments are required for all types of power generation and transmission infrastructure to support
energy and wider economic resilience — particularly for long-lived investments in hydropower and thermoelectricity
plants. How such assessments are being made under different public and private sector contracting arrangements
is unclear.

Higher cooling needs linked to rising summer temperatures and heatwaves will increase average and peak electricity
demands, requiring greater grid flexibility, storage capacity, and peak generation capacity. Cooling is expected to
account for 30-40% of peak summer loads by the 2050s, but it is unclear whether climate-related cooling needs are
factored into government energy plans - an evidence gap.
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3.5.1 Context

Southeast Asian countries have experienced strong economic growth over the last two
decades, in many cases doubling their GDP, and are now returning to growth after Covid-19
disruptions (IEA, 2022a). Economic and population growth has been accompanied by rising
energy demand: IEA (2022a) estimates that primary energy demand for Southeast Asia will
increase by 56% between 2020 and 2050; for the ASEAN region specifically, IRENA and ACE
(2022) forecast that total final consumption will increase more than 250% by 2050, with energy
demand growing by roughly 3% annually.5®

Strong economic growth over the last decades supported the expansion of electricity access.
Since the early 2000s, Southeast Asia has made great strides in increasing electricity access,
achieving nearly universal coverage by 2021 in all but two countries. Around 50 million people
gained access between 2015 and 2019 alone, though progress slowed amid the pandemic. In
Lao PDR, grid extension and off-grid electrification increased access, making it universal (up
from 45% in the early 2000s) (World Bank, 2018). However, in Myanmar and Cambodia just
over 70% and 80% of the population, respectively, have access to basic electricity, with even
lower rates — 62% and 77% — for rural areas. In Cambodia, however, many households without
grid access have solar devices or rechargeable batteries (World Bank, 2018).6°

While Southeast Asia has made impressive gains in improving access to electricity, major
challenges remain across the region before it can achieve SDG7 and “ensure access to
affordable, reliable, sustainable and modern energy for all’ reflecting difficulties in providing
clean cooking fuel, reducing CO2 emissions and increasing the share of renewable energy
(United Nations, 2015). Despite improved access to clean cooking fuel — which increased from
45% in 2010 to 70% in 2019 - around 100 million people will still lack access in 2050 under
current policies (IEA, 2022a).

59 Primary energy demand is the sum of all available energy sources, accounting for both imports and
exports. Total final consumption is the sum of all end uses of energy, net of losses in transmission and
distribution.

60 With around 70% of households connected to the grid in a country experiencing frequent power
shortages that often damage appliances, upgrading access to higher tiers, where households have
access to electricity for 16 hours or more per day, requires further investments in the grid.
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Share of electricity production by source, 2021 (%)
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Figure 10: Percentage share of electricity production by source across Myanmar, Lao PDR, Thailand, Viet Nam,
Cambodia, Malaysia, Singapore, Philippines, Brunei Darussalam, Indonesia, and Timor-Leste for 2021. Blue bars
indicate renewable electricity production, orange bars indicate hydropower electricity production to highlight how
much/little hydropower accounts for shares of renewable electricity production per country, and then grey bars
indicate fossil fuel electricity production for comparison with renewables (and hydropower). Data source: Ember
— Yearly Electricity Data (2023); Ember — European Electricity Review (2022); Energy Institute — Statistical
Review of World Energy (2023) — with major processing by Our World in Data.

The region has a varied energy mix with high dependency on fossil fuels and thermal power
plants (TPPs) for electricity generation, but also increasing use of hydropower in electricity
production for some countries (IRENA, 2022). As net oil importers, many Southeast Asian
economies like Thailand and Philippines, which accounted for 40% of regional imports in 2020,
are exposed to high oil prices and supply chain disruptions (IEA, 2022a). The region is
projected to become a net gas importer by 2025 though price hikes may lead to changing
perceptions and policy priorities (IEA, 2022a). Many countries in the region, including
Indonesia and Viet Nam, are signatories to the Global Coal to Clean Power Transition
statement, committing members to transition away from using coal in power systems.®"

Hydropower plays an increasingly important role in the electricity mix for Mekong riparian
states, and installed hydropower capacity along the Mekong is expected to triple by 2040
(MRC, 2021). Hydropower currently accounts for over 70% of power generation in Lao PDR,
46% in Cambodia, 40% in Myanmar, and just over 30% in Viet Nam (Ember, 2023). Southeast
Asia’s renewable energy potential, particularly in wind and solar, remains largely untapped
though the region aims to increase its share of renewables in power production to 35% by
2025 to help meet emission reductions goals (ACE, 2020).

61 Southeast Asian signatories include Brunei Darussalam, Indonesia, Philippines, Singapore, and Viet
Nam. The statement can be read here.
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3.5.2 Power generation

Electricity systems, critical to global decarbonisation efforts, are under pressure from
extreme and slow-onset weather and climate events such as heatwaves and sea-level
rise (IEA, 2020). Power generation infrastructure has long lifetimes — 25 to 40 years for utility-
scale solar, 60 to 80+ years for TPPs, and 80+ years for hydropower — and therefore needs
to be resilient to future climate risks and other threats (Opitz-Stapleton et al., 2022). Thermal
power plants and hydropower installations, in particular, involve major investments in fixed
and largely irreversible/inflexible systems where the risks of ‘locking in’ climate vulnerabilities
are higher. Solar and wind installations, in contrast, can be developed incrementally to meet
demand and, if necessary, modified to account for new data and changing conditions.®?

Thermal power plants that need water for cooling can contribute to, and are affected
by, local water stress. Higher temperatures may also reduce their efficiency (Wang et
al, 2019; Dodman et al, 2022). Thermal power plants account for the fossil fuel dependencies
highlighted in all countries except Lao PDR and Cambodia (Figure 10), and more are planned
for lowland areas to make the Mekong delta a thermal power centre (Wang et al, 2021).
Thermal plants burn fuels such as coal and gas to make heat, with water used to generate
steam (powering turbines for electricity production) and for cooling (Rodriguez et al, 2013).
Most TPPs withdraw and consume much more water than other energy technologies, making
them vulnerable to water shortages where other demands are increasing, and where reliable
water supplies are threatened by more variable rainfall and drought (Rodriguez et al, 2013;
Luo et al, 2018a). Country-level data on water demands and links with TPP operations are
scarce since most countries do not collect or disclose information. For Southeast Asia as a
whole, however, Wang et al (2019) conclude that TPPs will likely face greater water
availability/reliability constraints as water supplies become more variable and competing
demands grow (see Section 3.2), potentially decreasing the reliability and ‘usable capacity’ of
future electricity production. Limited evidence from elsewhere in Asia indicates how periodic
water shortages can significantly disrupt electricity generation (Luo, 2018b).%® In addition,
higher air and water temperatures expected to the 2050s could reduce TPP generation
efficiency. Assessments vary, but a 1°C increase in the temperature of water used as coolant
yields a decrease of between 0.1% and 0.7% in power output (Cook et al, 2015; Mima and
Criqui, 2015).

Thermal power plants also face risks from floods since their cooling demands mean
they are located close to rivers or coasts (Dodman et al, 2022). In Indonesia, different types
of power plants are already vulnerable to flooding in low-lying tidal areas with, for example,
floods prompting a 12-day shutdown of the 909 MW Muara Karang natural gas power plant
on the northern coast of Jakarta in January 2013 (Handayani et al., 2019). Heavy rainfall can
also reduce the quality of coal stored in open yards, affecting power output production, and
leading to floods that disrupt coal mining and power production (Handayani et al., 2019).
Meanwhile, heavy winds can also disrupt or prevent coal from reaching points of demand on
Java Island, leading to the use of costlier oil-fired power plants (Handayani et al., 2019).

62 General guidance around decision making under uncertainty for different kinds of
projects/investments is provided by Ranger (2013).

63 For example, 14 of India’s top 20 largest TPPs experienced water shortage-related disruptions at
least once between 2013 and 2016, losing more than USD1.4 billion in revenue as a result (Luo, 2018a).
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Southeast Asia’s solar potential, both ground-based and floating, is significant but
underexploited. Viet Nam, where solar already accounts for 41% of renewable capacity, has
led the region in installations. Indonesia’s solar potential remains largely underexploited
though the country has a target of 23% renewables capacity in 2025. Major projects like the
145 MW Cirata floating photovoltaic plant (FPV), currently under construction, signal a
growing interest in developing the country’s solar potential (IEA, 2022b). Cambodia plans to
increase solar PV to 1,000MW by 2030 rising to 3,000MW by 2040, with major projects such
as the 100MW National Solar Park already under construction (ADB, 2022).

Solar PV outputs can be expected to change with climate, but regional impacts to the
2050s and beyond will likely be minor, though evidence is limited (Feron et al, 2021;
Dodman et al, 2022). Despite the growing importance of solar PV systems for electricity
production, few studies have assessed the impact of climate change on PV output in
Southeast Asia or other global regions (Wild et al, 2015; Feron et al., 2021; Dodman et al,
2022). However, PV outputs and intermittency are known to be sensitive to changes in the
frequency of warm, cloudy and hazy conditions, with clouds and aerosols reducing power
outputs, and high air temperatures reducing PV cell performance (Kaldellis et al., 2014; Wild
et al, 2015; Feron et al, 2021). In their global study looking at PV outputs to 2036-2065 for
RCP4.5, Feron et al (2021) conclude that impacts are likely to be relatively minor for Southeast
Asia. Specifically, changes in average summer and winter PV potential are estimated at within
+/- 5% to 2050, although the effects of atmospheric pollution were not considered.

Several countries including Indonesia and Philippines are looking to add floating solar
projects to their power generation mix. Panels can be damaged by high winds and
turbulent water although adaptations are available. Floating solar panels (on lakes,
reservoirs, ponds) can be attractive for power generation where land is scarce, and can
harness the evaporative cooling effect of water to address heat-related efficiency losses with
PV cells (Joshi et al., 2023; Pouran et al., 2022). However, solar FPVs are potentially
vulnerable to hazards such as extreme winds, with 120mph winds during Typhoon Faxai in
Japan causing modules to tear and stack, resulting in fire damage at Kyocera’s 13.7-MW FPV
plant at the Yamakura Dam (Pouran et al., 2022). Meanwhile, high winds and cable friction
led to a fire outbreak at the 17-MW FPVs in southern France (Pouran et al., 2022). Solar FPV
projects in Southeast Asia could be similarly impacted by natural hazards, but exposure will
be location-specific. Adaptations are available to strengthen both land-based and floating PV
systems but at (currently) high cost. Depending on the ‘hardening’ measures adopted, the
overall cost of solar PV systems could increase by up to 50-70% (Elsworth and Van Geet,
2020).

Many Southeast Asian countries have significant untapped wind potential, although
very high wind speeds associated with more intense typhoons can damage wind
turbines. Global investment in wind electricity rose by 20% in 2022 (IEA, 2023). In Southeast
Asia, Viet Nam has 475GW of technical potential for fixed and floating offshore wind (ESMAP,
2019), with world class resources off the country’s southwest coast of Binh Thuan and Ninh
Thuan provinces, as well as onshore potential. The Government of Viet Nam plans to add
6GW of wind power by 2030 (Vu and Guarascio, 2023a). Philippines, which targets 35% and
50% renewables in the mix for 2030 and 2040, respectively, has 178 GW of technical potential
for fixed and floating offshore wind with the best potential in the country’s north and centre
(World Bank, 2022). Lao PDR, meanwhile, plans to add onshore wind farms to diversify its
energy portfolio and increase export capacity, adding projects such as the 600MW Monsoon
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Wind Farm due to begin operation in 2025 (Monsoon Wind Asia, 2022). Both onshore and
offshore wind farms can be dmaged by high wind speeds, although adaptations are available
— at a cost (see below).

Although expected lifetimes of wind installations are shorter than other power
generation infrastructure, with a lifetime of around 20 years, they still need to account
for future climate hazards (Duffy et al., 2022; Opitz-Stapleton et al., 2022). Heatwaves may
lead to wind turbine shutdown if temperatures exceed standard operating temperatures
between 30°C to 50°C (Opitz-Stapleton et al., 2022). Wind turbines also have different
operational ranges for wind speed (typically 3 m/s to 25-30 m/s) and wind speeds that exceed
design standards above this adds to the strain and physical loads, so extreme winds may pose
challenges and lead to shutdowns (Duffy et al., 2022). During Hurricane Maria in 2017, a
Puerto Rican wind farm experienced strong winds up to 70 m/s and was badly damaged unlike
other wind farms that likely experienced lower wind speeds of up to 50 m/s (Duffy et al., 2022).
Typhoon-Class offshore wind farms are available and are designed for more extreme
conditions. Designing wind farms for resilience to typhoons and other hazards means that
Levelized Cost of Energy (LCOE) for offshore wind in Philippines is over 30% higher than in
established markets, and with typhoon-class wind turbines likely needed for many locations;
development of the industry in the north and east where wind speeds can be over 110 m/s is
too expensive and high risk (World Bank, 2022). High wind speeds similarly pose risks to
onshore wind infrastructure in the region, identified as high-risk hazard, including in the context
of projected increase in cyclonic (sustained) wind speeds for the Monsoon Wind Farm under
development in Lao PDR (JICA, 2022). In a high-level climate risk assessment for a 88MW
power project in Lao PDR’s Ninh Thuan Province, flooding risks were identified due to heavy
rainfall, thunderstorms and typhoons that may damage wind infrastructure (Arup, 2024).
Proposed design solutions include drainage systems and stronger turbine foundations to
ensure resilience (Arup, 2024). While the frequency of typhoons at lower latitudes such as
Philippines may reduce in the future, typhoon intensity may increase (see Section 2.2).

Electricity generation from hydropower could be dirupted by more variable river flows
but projections are uncertain. Hydropower accounts for most electricity generation in Lao
PDR and over 40% in Cambodia and Thailand (Figure 10). With an extensive network of dams
on both the upper and lower Mekong already in operation, and more planned that will bring
the total to 189, the region will become increasingly dependent on hydropower (see Section
3.2). Capacity projections (electricity generation) for maritime and continental Southeast Asia
under different emissions scenarios vary. IEA (2021) projects a decline through the century
for hydropower in Cambodia, Lao PDR, Myanmar, Thailand, and Viet Nam, with a decline of
up to 8% under RCP8.5 driven by changing rainfall patterns and a higher likelihood of
droughts. However, our review of the evidence (Sections 2.2, 3.2) indicates peak flows on the
Mekong will likely increase to the 2050s and beyond and hydropower storage could potentially
‘smooth-out’ high and low flow periods, at least over the short term. In maritime areas
(Indonesia, Malaysia, and Philippines) the capacity factor is projected to decrease to the 2050s
before recovering, though the degree to which it can increase from the 2050s is scenario
dependent. Capacity may increase for Malaysia and Indonesia between 2060 and 2099 under
RCP 8.5 but decline for Indonesia (IEA, 2021).

Most hydropower projects with a long design life are financed under opaque ‘build-
operate-own-transfer’ arrangements that my not account for climate change. Global
guidelines for factoring in climate change into hydropower design and operation have only

86

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office



recently been published (IHA, 2019), and whether safeguards apply will likely depend on
project-specific negotiations around funding conditionalities and financing periods (Buckley et
al, 2022). Hydropower dams in Lao PDR and Cambodia are largely financed under Build-
Operate-Own-Transfer contracts (BOOTs) where a private company builds and ooperates the
dam for a fixed period before transferring to government. However, contracts typically involve
opaque processes and confidential documents, making it unclear whether designs factor in
climate-related changes in river flow, or who will take responsibility for potential infrastructure
upgrades during ‘operate’ and ‘own’ phases (Mohammed et al, 2022 — see also Section 3.2).
A clear risk is that projects are designed for historical and poorly characterised climate-runoff-
river flow conditions, exposing governments to expensive future upgrades to ensure safe
operation (Mohammed et al, 2022). Moreover, individual project investments may not consider
wider basin priorities, for example around balancing upstream power generation with
downstream flood/drought management, the maintenance of sediment flows to deltas, and
environmental flows for aquatic habitats.

Risk management strategies will rely increasingly on transboundary cooperation
around information sharing, dam releases, power sharing and broader basin
management, plus the development of different energy sources. Since the 1990s, several
transboundary platforms have been established to ensure coordination in the region, including
the Mekong River Commission (MRC) and, most recently, Lancang Mekong Cooperation (IEA,
2021).% The MRC has a mandate to promote, coordinate and manage sustainable
development of regional water resources. The organisation has developed guidelines to
facilitate sustainable hydropower development, including a Basin Development Strategy
(2020-2030) which prioritises climate resilience through strengthening data management and
sharing, forecasting, and hydropower operation (IEA, 2021; Mekong River Commission,
2021). In practice, however, major projects such as the Xayaburi dam (Lao PDR) have gone
ahead despite concerns about downstream environmental and water security impacts
(Soutillo, 2019). Poor capacity and enforcement mechanisms along with mistrust prevent more
effective cooperation — see also Section 3.2 (Mekong River Commission, 2021; Soutillo,
2019). Risks embedded in energy infrastructure can cascade across national borders,
especially where power sharing between upstream and downstream riparians in a shared
basin all face concurrent power disruption arising from shared rainfall deficits and low river
flows. The ability to mitigate these risks will therefore depend on developing diversified energy
portfolios with multiple options spread across multiple grids — smart, mini, hybrid - as well as
cross-border trading (Shaw et al, 2022).

3.5.3 Transmission and distribution

Climate hazards also pose physical risks to electricity transmission and distribution
(T&D) networks with different lifetimes. This subsection highlights both direct risks posed
by climate hazards (heat, storm damage, flooding, excessive wind) and also cascading
impacts of blackouts/load shedding on households, businesses, and local economies.

Transmission and distribution losses have declined across Southeast Asia, but
regional differences are large. Across ASEAN (Association of Southeast Asian Nations),

64 MRC, initiated in 1995, members include Thailand, Lao PDR, Viet Nam and Cambodia with China
and Myanmar as dialogue partners. Lancang-Mekong Cooperation Mechanism, established in 2016
and initiated by China, counts all riparian states as neighbours. See also Section 3.2.
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T&D losses declined by 5% down to 7.2% in 2017 (UNESCAP and ASEAN Centre for Energy,
2020). However several countries record high losses including Brunei Darussalam (14%) and
Myanmar (19%) (ASEAN Centre for Energy, 2017). In Myanmar, weak institutional capacity
and market structures mean that investment in the energy sector remains limited (UNESCAP
and ASEAN Centre for Energy, 2020). Reported T&D losses for Cambodia vary, with aims to
decrease losses to 8% to support electrification (UNESCAP and ASEAN Centre for Energy,
2020).

Investment in new transmission infrastructure can help countries meet surging
demand, improve their resilience to extreme weather events such as heatwaves, and
manage the intermittency of renewable capacity added to the grid. Viet Nam, which
several decades ago experienced days-long power outages, has invested in upgrading both
its generation and transmission infrastructure, however, power cuts still occur (Lee and
Gerner, 2020). In line with its socioeconomic priorities for 2018-2023, Cambodia will add four
high voltage overhead and underground transmission lines and 10 substations in Phnom
Penh, Kampong Chhnang, Kampong Cham, and Takeo provinces (ADB, 2023b). In Lao PDR,
where private investment in transmission and distribution infrastructure has lagged investment
in power generation, Greater Mekong Subregion Northern Power Transmission Project and
similar projects have sought to help close the transmission and distribution access gap for
poorer households and facilitate interconnections with the power grid in northern Thailand
(ADB, 2023c). Meanwhile in eastern Indonesia, adding distribution lines and smart grids under
the electricity grid development program has improved grid access on the islands of Sulawesi
and Nusa Tenggara where electrification rates lagged and infrastructure was isolated, of poor
quality, and underdeveloped (ADB, 2023d).

Electricty transmission and distribution networks will likely experience more damage
from climate extremes, especially more intense storms and high winds. Electricity
transmission and distribution networks span large distances, with overhead power lines often
traversing exposed areas (Dodman et al, 2022). Transmission pylons are generally more
susceptible to wind damage, while distribution lines are more likely to be affected by treefall
and wind-blown debris (Hallegatte et al., 2019; Dodman et al, 2022). Across continental
Southeast Asia and Philippines, mean wind speeds may increase in the future in the range of
2-8%, and potentially above 10% across Myanmar, while signals are conflicting in the maritime
part of the region (see Section 2.2). Meanwhile, typhoons may decrease in frequency but
increase in intensity (see also Section 2.2), potentially causuing greater damage and
disruption to electricity networks. In 2022, Super Typhoon Rai hit Philippines and disrupted
power supply to 116 cities/ municipalities, with eight of the country’s 69 kV and four 230 kV
transmission lines in affected areas of northern Luzon damaged and rendered out-of-action,
causing an estimated USD420 million in economic losses (UN OCHA, 2022; Gallagher Re,
2023). Power outages had cascading impacts on water access since 80% of water systems
were dependent on electricity, and relief efforts were hampered by the lack of power and
telecoms (UN OCHA, 2022). The disruption to relief efforts highlighted the role of resilience
planning, with back-up generators proving critical to ensuring connectivity as commercial
power lines were being restored (Hamilton and Aranda, 2022).

Power transmission can also be reduced by rising temperatures and heatwaves,
leading to the de-rating (lower performance) of power lines and other electrical
equipment. Evidence from Southeast Asia is limited, but studies in the US indicate that by
the 2050s higher ambient air temperature may reduce the average summertime transmission
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capacity by 1.9%-5.8% relative to a 1990-2010 baseline (Bartos et al., 2016). Higher losses
have been projected in other US studies, with up to 20% capacity reduction for generators,
substations, and transmission lines during more intense heatwaves by 2060 (Burillo et al.,
2018). In the UK, transmission losses of between 6—10% have been estimated for the 2080s
for a 4°C climate scenario, with reductions of up to 27% for some components (Dawson et al.,
2018). For Southeast Asia the number of days above 35°C is expected to increase by over 40
days/year across all but mountainous areas (Section 2.2), and similar reductions in
transmission capacity could potentially cause power cuts and system outages when demand
for cooling and pumping for irrigation water reaches a peak.

Cross-regional power sharing potential remains underutilised and holds potential for
risk mitigation. Southeast Asian countries plan to capitalise on opportunities for power
trading through the ASEAN Power Grid which includes the development of both physical and
market infrastructure. Under the Lao PDR-Thailand-Malaysia-Singapore Power Integration
Project (LTMS-PIP) countries explored opportunities to trade up 100 MW of power through
existing T&D infrastructure. In 2022 Lao PDR commenced exports of hydropower-generated
electricity to Singapore via Thailand and Malaysia.

3.5.4 Demand

Southeast Asia’s energy demand has grown significantly and will continue rising at
roughly 3% per year to the 2050s. Primary energy demand for Southeast Asia is projected
to rise by 56% between 2020 and 2050 (IEA, 2022a), with total final consumption of energy
for ASEAN countries projected to increase by over 250% by 2050, growing at roughly 3% per
year on average (IRENA and ACE, 2022). In Philipinnes, electricity demand is expected to
triple over the next two decades, averaging about 6.6% per year, driven by population growth,
rising standards of living and growth in manufacturing (World Bank Group, 2022). In Indonesia,
power demand is anticipated to grow by at least 5% per year on average between 2021 and
2030 (IEA, 2022b). Higher demand will require upgrading power system flexibility across the
region, particularly to accommodate an increasing share of renewables to the grid, manage
intermittency, and connect solar and wind power installations to demand centers (IEA, 2022b).
In Indonesia, for instance, power demand is concentrated on the island of Java (nearly 70%),
but Java only has 3% of the country’s solar potential, so successfully meeting its growing
demand requires resilient connection to other parts of the country including Sumatra,
Kalimantan and Nusa Tenggara (IRENA, 2022). Higher demand for imported fuels across the
region can leave islands exposed to fluctuations in prices and supply, and contribute to power
outage risks. It is unclear to what extent current energy demand projections account for
increases in cooling demand linked to rising temperatures and heatwaves — see below.

Southeast Asia has done much to meet growing electricity demand but higher
temperatures will increase demand for cooling, straining electricity supplies in
countries with unreliable or patchy services (PwC, 2021; UN-Habitat, 2022). With reserve
margins of around 30%, most countries are able to meet electricity demand although power
outages are still common. Both Myanmar and Cambodia have underdeveloped electricity
services and experience blackouts. In 2019, Indonesia experienced its longest blackout since
2005, leaving many areas without power for over 30 hours (Christina and Da Costa, 2019).
Viet Nam, which several decades ago experienced outages lasting several days, has invested
in upgrading both its generation and transmission infrastructure, but power cuts still occur (Lee
and Gerner, 2020). A combination of technical issues, drought and high temperatures which
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curtailed hydropower generation and increased demand meant that Viet Nam experienced
power cuts in summer 2023, leading many regional manufacturers based in the country to halt
production (Vu and Guarascio, 2023Db).

Only 15% of Southeast Asian households currently have air conditioning, skewed to
higher income groups in urban areas.®®* Demand for cooling can be expected to surge
to the 2050s although it is unclear whether regional projections account for higher
cooling needs linked to rising temperatures. Demand projections highlighted above (IEA,
2022; IRENA and ACE, 2022) consider government energy plans, economic development and
population growth, but it is unclear whether these also account for rising temperatures and
more frequent and intense heatwaves. Across the region, however, IEA (2019) estimate
cooling needs could account for around 30% of peak electricity demand by 2040. Projections
for individual countries informed by warming trends point to expanding air conditioner (AC)
ownership and higher ‘peak’ electricity demands. In Indonesia, household AC ownership is
projected to grow from around 8% in 2017 to between 43-61% by 2040, depending on
emissions and socioeconomic development pathways (Pavanello et al., 2021), with demand
for cooling expected to account for over 40% of peak summer load (IEA, 2018). By 2040, the
country could account for roughly half the number of AC units in the region (IEA, 2019).66
Access to AC is linked to household income, with millions of less well-off households that may
want to purchase ACs unable to do so, relying instead on fans (see also Section 3.3.6).
Projections for other countries in Asia highlight the implications of expanding AC uptake. In
India, overall energy demand is projected to rise by 15% to 2050 because of warming-related
AC uptake, with daily summer demand peaks increasing by 20-30% (Colelli et al, 2023).
Higher demand for cooling appliances will also extend to food and medicine supply chains,
including for vaccines (see 3.2.6).

Targeted policy measures to improve cooling efficiency and building design can help
manage warming-related increases in electricity demand (IEA, 2019). ASEAN countries
have agreed minimum energy performance standards (MEPs) for ACs in an effort to manage
cooling needs (IEA, 2019). Studies elsewhere indicate that improving AC energy efficiency
could have a significant impact on demand. In India, for example, efficiency improvements
could reduce the annual electricity consumption increase linked to rising temperatures by an
estimated 40% (Colelli et al, 2013). Cambodia is the first country in the Southeast Asia region
to launch a National Cooling Action Plan (Ministry of Environment, Kingdom of Cambodia,
2022). To cope with much higher cooling demands and peak loads, countries will need grid
flexibility, storage capacity,®” and the ability to install and maintain large amounts of expensive
peak power generation capacity (IEA, 2018).

65 The Future of Cooling in Southeast Asia (IEA, 2018).

66 |EA (2019) suggest the number of AC units in 2040 could rise from 40 million in 2017 to 300 million
in 2040, half of which will be in Indonesia.

87 For example, the daily pattern of solar power supply will not meet demand for cooling in the evening
when ambient air temperatures are often highest in hot-humid areas (IEA, 2018).
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3.6 Environment

Image location: Timor-Leste

Summary of risks relevant to environment

e The region’s four key biogeographical hotspots (Indo-Burma, Sundaland, Wallacea, and Philippines) are among the
most biodiverse areas of the planet, but climate change will exacerbate habitat and species loss from agricultural
and urban encroachment, undermining progress towards SDG15: Halt and reverse land degradation and halt
biodiversity loss.

¢ A northward shift of biome boundaries and an upward shift in mountain treelines in Southeast Asia are expected due
to rising temperatures. Upward shifts in the elevation of bioclimatic zones, decreases in the area of the highest
elevation zones, and expansions of lower tropical and sub-tropical zones are projected for the 2050s.

o Ecosystems that are fragmented, either naturally or as a result of habitat destruction, are likely to be most at risk
from climate-related species losses. This is because species unable to survive changes in climate may become
regionally extinct if they are unable to disperse or migrate, for example by moving along elevational (temperature)
gradients which allow them to track changes in temperature.

e The risks of drought-related forest dieback and forest fires will likely increase, amplifying pressures on more
fragmented habitats. Southeast Asia’s forest cover has declined by around 13% between 1990 and 2015 because
of land clearance for agriculture and other uses. Southeast Asia is home to nearly 15% of the world’s tropical forests,
supporting globally significant tropical biodiversity and above-ground forest carbon stocks, but the region is also
among the world’s major deforestation and biodiversity loss hotspots.

¢ While many Southeast Asian countries are on track to achieve UN-Aichi targets for protected areas, boundaries may
need to change to secure species habitats and facilitate species migration/dispersal as biomes shift northwards.

e The draining of tropical swamps and peatlands for agriculture (especially oil palm) has had major environmental
impacts and increased the risks of peatland fires as temperatures rise. Indonesia accounts for 55% of the global
peatland total, but fires from drained peatland generate seasonal cycles of transboundary haze and accounted for
8% of global fire carbon emissions between 1997 and 2016.

o There is growing interest in nature-based solutions to a range of climate mitigation and adaptation problems (e.g. in
Viet Nam, Cambodia). However, monitoring the impacts of NbS over the long time periods needed to restore
catchments and landscapes is costly, and differences between areas make it difficult to transfer empirical evidence
from one location to another. The evidence base for impacts at scale and over time remains limited — a key evidence

gap.
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3.6.1 Context

Southeast Asian biomes are dominated by tropical and subtropical broadleaf forests, deserts,
and wetlands (see Figure 11). These include montane and lowland forests that support
globally significant biodiversity, with four key biogeographical hotspots:®® Indo-Burma;
Sundaland; Wallecea; and Philippines. Each are among the most biodiverse regions of the
planet (Hughes, 2017).

The Indo-Burma biodiversity hotspot extends from southern China into all non-maritime parts
of Cambodia, Lao PDR, Myanmar, Thailand, and Viet Nam. The hotspot has over 470
mammal and 1,330 bird species, with many still being discovered (CEPF, 2020). With its high
levels of plant and animal endemism, and limited remaining natural habitat, the area ranks
among the top 10 biodiversity hotspots for irreplaceability and the top five for threat (CEPF,
2020). The area has low levels of forest biodiversity intactness, with many species including
pygmy loris, Asian elephants, and pangolins on the IUCN most threatened list (CEPF, 2020).
The Indo-Burma region is also home to more people than any other global hot spot, generating
intense pressure on ecosystems and contributing to their loss and fragmentation (CEPF,
2020).

The Sundaland hotspot covers the western half of the Indonesian archipelago, a group of
around 17,000 islands stretching 5,000km along the Equator between Asia and Australia. The
area is dominated by the islands of Borneo and Sumatra, with a diverse topography that
includes mountain ranges, volcanoes, alluvial plains, lakes, swamps, and shallow coastal
waters. Indonesia alone is home to 10% of the world’s known plant species, 12% of all
mammals, 17% of all birds, 16% of all reptiles and amphibians, and 25% of all fish (CEPF,
2001a). Indonesia is among countries with most tree species in the world (FAO and UNEP,
2020) and also includes the rich marine habitats of the Coral Triangle (see Section 3.7).

The Wallecea biodiversity hotspot located to the east of Sundaland comprises the islands in
the western half of the Indonesian archipelago between Borneo and Papua, supporting the
highest levels of species endemism® found worldwide (CEPF, 2011). Natural vegetation is
dominated by forests of different kinds (monsoon, tropical, montane, swamp), along with
savannas and grasslands (CEPF, 2011). Much of the forested area has been cleared for
agriculture, mining and human settlement, although more remote interior forests remain
relatively intact (Struebig et al., 2021). The region also includes parts of the marine Coral
Triangle (Section 3.7)

The Philippine hotspot islands feature diverse landscapes and climates, with each
biogeographically distinct set of islands home to a unique community of plant and animal
species (CEPF, 2001b), as well as rich marine resources (see Section 3.7). Larger islands
hold more endemic species than most countries, but intense population pressure and
conversion of natural habitats to agriculture (see below) is degrading and fragmenting habitats
(CEPF, 2001b; Hughes, 2017).

68 Biodiversity hotspots are regions that have at least 1,500 endemic plant species and which have lost
at least 70% of their natural habitat.

69 The condition of organisms or species which are native to a single defined geographic location such
a mountain, lake, river, an island, country or other defined zone.
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Data source: biomes data from Olson et al. (2001), and hotspots data from Conservation Synthesis — Center for Applied Biodiversity
Science at Conservation International (2004) and R. A. Mittermeier et al. (2004).
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Figure 11: Major ecoregions and the five geographical subregions of the Asia-
Pacific region as defined by IPBES.

Across the region biodiversity is threatened by habitat loss from agricultural expansion, urban
encroachment, biofuel production, mining, and illegal wildlife trade (Hughes, 2017). Climate
change, including rising temperatures and heat waves, creates additional pressures affecting
the range and suitability of habitats for many animal and plant species. Collectively, these
risks hamper progress towards SDG15: Halt and reverse land degradation and halt
biodiversity loss.

Climate change could also generate indirect pressures on habitats through agricultural
expansion and/or intensification. Cambodia, for example, has plans to expand the area of
irrigated land by 50% over the next decade to increase crop productivity and reduce the
impacts of rainfall variability on agriculture (World Bank, 2023 — see Section 3.1). To mitigate
at least some of these impacts, changes in the range of protected areas and transboundary
approaches to conservation may be needed.

Ecosystems across Southeast Asia provide valuable services that sustain local livelihoods
and contribute to wider socio-economic support functions. Following the categorisation
adopted for the Millenium Ecosystem Assessment (MEA, 2005), these services include
provisioning — products obtained from ecosystems (e.g. food, fibre, fuel); regulating - benefits
from the regulation of ecosystem processes (e.g. storm protection, erosion control,
pollination); and cultural — the non-material benefits obtained by people (e.g. aesthetic,
inspirational, spiritual) (Neugarten et al., 2018; CEPF, 2017). Threats to ecosystem services
are discussed further below.
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3.6.2 Biomes

Across Asia, and under a range of climate projections, rising temperatures are
expected to contribute to a northward shift of biome boundaries and an upward shift in
mountain treelines (Shaw et al, 2022; Parmesan et al, 2022). Upward shifts in the elevation
of bioclimatic zones, decreases in area of the highest elevation zones, and expansions of
lower tropical and sub-tropical zones (Figure 11) are projected for the 2050s (Shaw et al,
2022).

Projections are based largely on predictive modelling, with few long-term data to
document or verify biotic responses in Southeast Asia (Parmesan et al, 2022). Under
both RCP 4.5 and 8.5 scenarios, the suitable habitat for dipterocarp tree species in Philippines,
a keystone group of tropical lowland rainforest trees used for tracking tropical rainforest
ecosystem health, will likely shrink and shift to higher elevations (Pang et al., 2021). Higher
temperatures may also affect the flowering of some dipterocarp species (a modest 1.2 °C rise
in temperature under the RCP2.6 scenario will reduce flowering by 50%) (Numata et al., 2022).
Pine species, important in watershed areas and for reforestation, could have varying
responses: P. kesiya growing at higher elevations in Myanmar, Thailand and elsewhere are
expected to be less affected, while P. merkusii (Sumatran Pine) is vulnerable at lower
elevations where temperatures exceed 36°C (van Zonneveld et al., 2009).

Both the length of wildfire seasons, and the areas that are susceptible to them, may
increase as a result of higher temperatures and heat extremes (FAO and UNEP, 2020 -
see also Section 2). Natural fires help maintain forest productivity, but they can spread and
become unmanageable (FAO, 2022). In Indonesia, higher summer temperatures could create
drier soil conditions through evapotranspiration, particularly during El Nifio years, increasing
fire risk — see below (Ometto et al., 2022). In Borneo, fire risks are intensified when
meteorological droughts interact with hydrological droughts and land use changes (Ometto et
al., 2022). Smoke from forest and peatland fires can also spread across countries (see below)
with risks to health (see Section 3.3). More intense droughts could also lead to forest dieback.
The impact of drought on forest conditions remains poorly understood but is known to alter
leaf chemistry and increase mortality rates in trees, and is likely to alter forest composition
(Hughes, 2017; Parmesan, 2022).

Regional forest cover has declined by around 13% between 1990 and 2015 because of
land clearance for agriculture and other uses, although rates of loss vary significantly
between countries (IPBES, 2018; Shaw et al, 2022). Southeast Asia is home to nearly 15%
of the world’s tropical forests, supporting rich tropical biodiversity and above ground forest
carbon stocks (Estoque et al, 2019). However, the region is also among the world’s major
deforestation hotspots, driven mainly by agricultural expansion, mining, urban encroachment,
and clearance for tree plantations. Data probably underestimate losses to natural forest
because it is difficult to distinguish between natural forest and tree plantations for rubber, palm
oil, wood pulp and fruit, often grown in monocultures (Hughes, 2017). In Philippines, a
biodiversity hotspot, deforestation has already removed over 90% of original forest cover
(Hughes, 2017). Lao PDR, Cambodia, Indonesia, and Malaysia all recorded losses of between
5% and 15% between 1970 and 2009; more recently Lao PDR lost almost 2% of primary forest
in 2023 alone, driven largely by agricultural investment from China (Global Forest Watch,
2014). Continued deforestation could disproportionately impact forest biodiversity as
remaining areas become more fragmented and the risk of climate-driven species loss
increases - see below (FAO and UNEP, 2020). The tropical forests of the Mekong region are
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among the most fragmented with cascading impacts on biodiversity losses (FAO and UNEP,
2020).

Wetlands provide vital provisioning and regulating services, including carbon storage,
but are being degraded or lost, largely because of agricultural expansion but are under
further threat from sea level rise. The region’s wetlands (Figure 12) are under pressure from
agricultural expansion and, to a lesser extent, urban encroachment. Once degraded or lost,
they are difficult to restore or replace. Future climate suitability for wetland species remains a
research gap in Southeast Asia. Yet sea level rise is known to cause permanent inundation
and subsequent loss of mangroves in coastal areas, and results in permanent saltwater
inundation areas which are not suitable for the survival and development of Melaleuca cajuputi
(inland wetland forest) species (Dang et al. 2021). One study by Dang et al. (2021) suggests
that projected wetland habitat suitability could reduce by up to 30% by 2070 in the Mekong
Delta (Vietnam) (under the worst-case scenario RCP 8.5) due to the combined effects of sea
level rise, rising temperatures, and shifts in seasonal rainfall (Dang et al., 2021).

Indonesia accounts for approximately 55% of the global peatland total with around
60,000 km? of wetlands, containing the majority of southeast Asia’s peatlands,
coexisting with swamp forests (Liu et al., 2022). Its peatlands are a major carbon sink
storing around 57 Gigatonnes of carbon (Kiely et al., 2021). Agriculture is the main driver of
tropical swamp forest deforestation and drainage of the underlying peat (see below). Slash
and burn practices to clear land leave peat exposed, drying quickly and burning deep
underground, especially during hot and dry El Nifio events. Fires have generated seasonal
cycles of haze across much of the region with impacts on air quality and health (Kiely et al.,
2021 — see also Section 3.3). The cross-sectoral economic costs of Indonesia’s peatland fires
in 2015 and 2019 were estimated at around USD16 billion and USD5 billion, respectively, and
drained peatlands also contributed to the country’s carbon emissions, with peatland fires alone
accounting for roughly 8% of global fire carbon emissions between 1997 and 2016 (Kiely et
al., 2021). Indonesia’s Peatland Restoration Agency, founded in 2016, aims to restore almost
2.5 million hectares of degraded lands through peat re-wetting, restrictions on clearing, and a
zero-fire policy (World Bank Group, 2023).
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Figure 12: left) percentage of wetland cover lost (% of wetland area in 1700), and
right) decline of wetland cover since 1700 (% of cell). Source Fluet-Chouinard, et a.,
2023.
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Wetlands could be impacted by higher temperatures, heat extremes and more variable
rainfall, though evidence on climate sensitivities and impacts is limited. There are very
few studies of climate-wetland interactions in Southeast Asia. One of the few focusses on the
Stung Sen Ramsar Site on the Tonle Sap floodplain in Cambodia, already under pressure
from human encroachment and the construction of upstream hydropower (Mufioz and Vong,
2022). Here, open water, flooded forests and grassland habitats are vulnerable to higher
temperatures, droughts and rainfall variability, increasing evaporation and heat stress.
Impacts vary across seasons, with higher maximum temperatures and more variable rainfall
during wet seasons negatively impacting flooded habitats (Mufioz and Vong, 2022). In the dry
season (December to April), higher temperatures may lead to more forest fires in surrounding
areas, reducing water quality feeding the wetland, lowering inflows and water levels, and
reducing fish stocks (Mufioz and Vong, 2022). Open water habitats were also found to be most
at risk at the Boueng Prek Lapouv Protected Landscape in Cambodia, already under pressure
from agricultural land conversion (Sophanna et al., 2019).

Wetlands play a key role in storing carbon and reducing greenhouse emissions.
Wetland greenhouse gas budgets are highly sensitive to changes in wetland area, and wetland
restoration — specifically rewetting — can be a very effective Nature-based Solution (NbS) for
reducing GHGs. A global study by Zou et al (2022) indicates a volume equivalent to 10% of
anthropogenic CO, emissions could be reduced through wetland restoration. This is higher
than potential GHG reductions from the rehabilitation of other types of ecosystem, for example
forest re-growth or afforestation (Zou et al, 2022). While some Nationally Determined
Contributions (NDCs) in the region note the role wetlands can play in providing provisioning
and regulating services, references to specific targets and actions remain limited. Indonesia
(see above) is an important exception (Convention on Wetlands, 2021).

3.6.3 Biodiversity and species loss

The main drivers of biodiversity and species loss are land conversion, habitat
fragmentation, and, for some species, wildlife trade. Fragmented ecosystems are
particularly vulnerable to climate change (Hughes, 2017; IPBES, 2018). Agricultural and
urban expansion, including the growth or plantation monocultures, plus mining for critical
minerals (essential to the production of solar panels, electric vehicles and other ‘green’
manufacturing) will increase pressure on key biodiversity areas. Further habitat fragmentation
is a key risk because it prevents species movement in response to rising temperatures — see
below (Hughes, 2017; Sonter et al., 2020). By 2000, over 50% of Southeast Asia’s rapidly
expanding urban areas had already fallen within the region’s biodiversity hotspots (Hughes,
2017). Southeast Asia is a source, transit point and destination for illegal wildlife trade with
cascading impacts on biodiversity and ecosystem services such as eco-tourism.
Transboundary cooperation in tackling the issue remains limited (OECD, 2019). Pangolins,
African elephant ivory and rhino horns are trafficked through the region, but native animals,
including endemic species such as pig-nosed turtles from Indonesia’s Papua province are also
poached in the tens of thousands (Krishnasamy and Zavagli, 2020).

Ecosystems that are fragmented, either naturally or as a result of habitat destruction,
are likely to be most at risk from climate-related losses. This is because species unable
to survive changes in climate may become regionally extict if they are unable to disperse or
migrate, for example by moving along elevational (temperature) gradients which allow them
to ‘track climate change’ (Hughes, 2017; Shaw, 2022). This is a key reason for prioritising
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south-north altitude corridors and, if necessary, moving the boundaries of protected areas to
facilitate species movement.

Species range, dispersal, ecological interactions, and behaviour patterns will likely be
affected by higher temperatures and higher rainfall variability (IPBES, 2018; Shaw et al,
2022). The open water habitats of flagship bird and fish species including painted stork, cranes
pelicans and Kontor in Cambodia’s Boeung Prek Lapouv Protected Landscape have moderate
to high baseline conservation status and were found to be most at risk in a changing climate,
particularly the impacts of higher temperatures and droughts in dry seasons (Sophanna et al.,
2019). In Thailand’s protected areas, where the habitat of many species is restricted by
hunting and other human pressures, modelling for almost 900 animal and 600 plant species
shows that by 2070 over half will be threatened and 11 extinct under RCP 8.5, including plant,
bird and animal species distributed across northern and southern Thailand (Pomoim et al.,
2022). However, climate impacts across species will be uneven with potential declines for
birds, mammals and plants and increases for amphibians and reptiles (Pomoim et al, 2022).

While many Southeast Asian countries were on track to achieve UN-Aichi targets for
protected areas, securing species habitats in the future will need to account for climate
impacts on species distribution as biome boundaries shift (IPBES, 2018). UN targets on
global biodiversity (Aichi targets) include Strategic Goal C: Improve the status of biodiversity
by safeguarding ecosystems, species and genetic diversity targets for protected areas
(IPBES, 2018). Poorer countries such as Myanmar can struggle to find the resources for
conservation monitoring and enforcement (Xu et al., 2019). Conversely in Thailand, which has
exceeded Aichi targets of 17% protected area coverage, rising temperatures will likely alter
species range and require increasing north-south altitude corridors and potentially assisted
migration. Integrating transboundary approaches and regional cooperation is critical in
transboundary biodiversity hotspots across Asia, where 82% of global border hotspots are
located (Xu et al., 2019; Farhadinia et al., 2022).

3.6.4 Ecosystem services

The services provided by ecosystems can be monetised. Their future value will likely
increase. Across the Asia-Pacific region the value of services provided by terrestrial
ecosystems is estimated at USD14 trillion, with USD1.7 trillion in Indonesia alone and around
USD 0.6 trillion in Cambodia, Viet Nam, Lao PDR and Thailand (Kubiszewski et al., 2016). In
Myanmar, the value provided by forests has been estimated at around USD7 billion (Xu et al.,
2019; Emerton and Aung, 2013). Valuation studies can help gain political traction for
ecosystem protection and restoration, although capturing and quantifying the services
ecosystems provide, particularly their regulatory functions and contributions to adaptation and
mitigation efforts, is difficult. Even without monetisation, however, there is growing recognition
of service types and contributions, reflected in NbS programmes and initiatives.

Nature-based solutions offer potential to tackle both climate mitigation and adaptation
challenges, although the evidence base for impact at scale remains limited. Cambodia
is among the countries in the region to have recognised the value of ecosystems in societal
adaptation. Its NDC acknowledges the role environmental conservation can play in addressing
both climate adaptation and mitigation (The General Secretariat of the National Council for
Sustainable Development and Ministry of Environment of Cambodia, 2020). Viet Nam has
similar plans for “carrying out sustainable management of forest resources associated with
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biodiversity protection and the enhancement of ecosystem services”. Across the ASEAN
region, however, financial and political obstacles act as a break on implementation (ASEAN
Secretariat, 2023). In addition, the empirical evidence linking NbS with flood mitigation and
other benefits remains limited. Monitoring the impacts of NbS over the long time periods
needed to restore catchments and landscapes is costly, and differences between areas makes
it difficult to transfer empirical evidence from one location to another (Seddon et al, 2020 —
see also Section 3.2, Focus Box 4).

Roughly 58% of Southeast Asia’s forests threatened by loss could be protected as
financially viable carbon projects (Sarira et al, 2022). Nature-based interventions and the
uptake of nature-based carbon credits could potentially save 835 MtCO2e of emissions
annually, protect 25 million hectares of key biodiversity areas, and support forest-dependent
livelihoods (Sarira et al., 2022). Forests in the Indonesian provinces of Riau and West
Kalimantan have the greatest climate mitigation potential in Southeast Asia (Sarira et al,
2022).
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3.7 Blue economy and the marine environment

Image location: Thailand

Summary of risks relevant to the blue economy and the marine environment

o ASEAN countries account for 15% of global fish production, 33% of seagrass beds, 34% of coral reef cover, and
35% of mangrove forests, but key services are at risk from rising sea temperatures, sea-level rise, more intense
cyclones, and ocean acidification. Across the 10 ASEAN member states roughly 625 million depend on the marine
environment for their livelihoods, significantly more than most other global regions.

o Reef survival in the Coral Triangle off the coasts of Philippines, Malaysia and Indonesia is threatened by rising sea
surface temperatures, marine heatwaves, and more intense cyclones. The Coral Triangle is a globally significant
biodiversity hotspot supporting the livelihoods of over 100 million people, with reefs throughout the region providing
coastal protection benefits estimated at USD19 billion/year.

o Mangrove forests and seagrass meadows are threatened by rising sea levels, more intense cyclones, and storm
surges. Southeast Asia has the world’s most extensive area of mangrove forests, protecting coasts from erosion and
flooding and providing nursery habitats for fish. Roughly one-third has been cleared to provide land for aquaculture
and coastal development.

o Marine fisheries, including marine aquaculture, will be negatively affected by higher sea temperatures and ocean
acidification, amplifying existing pressures from overfishing, pollution, and habitat destruction. Indonesia, Viet Nam
and Philippines are among the world’s ten largest marine fisheries producers, but fishery potential in Indonesia where
fish account for over 60% of all dietary animal protein could decrease 13-29% by the 2050s.

o Artisanal fishers and the coastal communities they support likely face the biggest risks from climate hazards as well
as coastal habitat destruction, the loss of fish nurseries, and the intensifying ‘squeeze’ on coastal space. Fish unable
to adapt to higher ocean temperatures will likely migrate to higher latitudes and different fishing grounds. While
commercial fleets have the means to track migrating stocks, poorer artisanal fishers operating near-coast vessels do
not, potentially undermining their access to traditional target species and the diets and incomes they support.

¢ Risks to coastal and marine habitats could potentially affect the tourism industry which generated around 12% of the
region’s GDP pre-Covid-19. Scuba-diving alone is worth around USD4.5 billion/year in Thailand, Indonesia and
Malaysia.

¢ Climate pressures related to ocean warming and marine heatwaves could further undermine progress in Southeast
Asia towards SDG14: Conserve and sustainably use the oceans, seas and marine resources for sustainable
development.

o Climate risks to marine species and fisheries remain poorly understood, climate sensitivities and impact pathways
are complex, and projections for fish productivity and distribution are uncertain — a key evidence gap given the
importance of fish to regional economies, livelihoods and food security.
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3.7.1 Context

All Southeast Asia countries, except for landlocked Lao PDR, are maritime nations. The region
hosts one of the world’s most extensive and diverse marine ecoregions and is considered a
global hotspot for both its marine biodiversity and the potential of its blue economy to power
economic growth (ADB, 2021).

ASEANT° countries have two million kilometers of coastline and over 25,000 islands, home to
more than 50% of the population, with territorial waters covering three times the size of
constituent members’ aggregate landmass (Gopal and Anbumozhi, 2019; ADB, 2021). Within
the ASEAN region, roughly 625 million depend on the ocean for their livelihoods, significantly
more than most other global regions. The region also accounts for roughly 15% of global fish
production, 33% of seagrass beds, 34% of coral reef cover, and 35% of mangrove forests
(ADB, 2021). Fish also account for over 35% of animal protein intake in Malaysia, Myanmar,
Thailand and Indonesia (Gopal and Anbumozhi, 2019; FAO, 2021).

The compound effect of multiple climate hazards (sea-level rise, extreme weather events,
marine heatwaves, and ocean acidification — see Section 2.1) and the impacts of pollution,
coastal habitat destruction and overfishing are putting the coastal economies of the region
under growing pressures, impacting the livelihoods of the poorest communities (ADB, 2021).
Risks to the blue economy in Southeast Asia vary depending on location, ecosystem and
reliance on ecosystem services for coastline activities and livelihoods.

Rising sea levels combined with more intense typhoons are likely to further increase the
vulnerability of the poorest populations living in coastal zones as coastal communities,
infrastructure, marine environment and blue economy become more exposed to impacts from
extreme weather events (see Section 2.1.2 and Section 3.4). Over the period 1993-2018,
ASEAN countries incurred direct economic losses of USD124 billion due to weather-related
events (Beirne et al., 2021). Thailand experienced the highest economic losses (USD574
million) while Philippines experienced the highest number of climate-related natural disasters
- 273 for this specific period (Beirne et al., 2021).

The following section discusses climate change risks to the blue economy and marine
environment arising from rising sea levels, typhoons, marine heatwaves and ocean
acidification, and their interaction with non-climate pressures. The blue economy can be
described as the ‘sustainable use of ocean resources to improve livelihoods and employment
as well as support economic growth’ (World Bank, 2017).

3.7.2 Biodiversity and ecosystem services

Coral reefs

Reef systems in the Coral Triangle, a global biodiversity hotspot, are threatened by
rising sea temperatures, marine heatwaves and ocean acidification, as well as
pollution, coral mining and destructive fishing practices (Lam et al., 2019; Fordyce et al.,
2019). The Coral Triangle is a one million square kilometer area between Philippines, Malaysia

70 The Association of Southeast Asian Nations (ASEAN), established in 1967, currently includes 10
member states: Indonesia, Malaysia, Philippines, Singapore, Thailand, Brunei Darussalam, Viet Nam,
Lao PDR, Myanmar and Cambodia.
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and Indonesia and a global hotspot for coral reef habitats and biodiversity. Some 76% of all
coral species are found in the area, along with six species of sea turtle and roughly 2,000
species of fish (Burke et al., 2012). Reef systems are particularly sensitive to rising sea surface
temperatures and marine heatwaves,”" with reefs in Indonesia, Brunei Darussalam, Malaysia,
and Singapore already close to their thermal tolerance limits. Warmer seas and marine
heatwaves can stunt reef growth, cause coral bleaching, and lead to coral death (van Woesik
et al.,, 2022). Ocean acidification poses further risks because acidification affects marine
invertebrates with calcium carbonate skeletons, including zooplankton, shellfish and corals
(Focus Box 8). Climate-related risks act as an additional stressor on reef systems already
under threat from destructive fishing practices, coral mining and pollution (White et al, 2014).
For example, pollution from terrestrial watersheds has been identified as a key issue affecting
the health of reef systems around the Maluka islands of Indonesia (Januar et al, 2023).

Marine heatwaves pose the biggest climate-related threat to coral systems, with
heatwaves of just 1-2°C above average conditions for the location able to cause coral
bleaching in both the Coral Triangle and Gulf of Thailand (Yeemin et al, 2013; McManus
et al, 2019; Obura et al, 2021). Bleached corals can recover, but are more susceptible to
disease in a bleached state (van Woesik et al., 2022). For the Coral Triangle as a whole,
projections suggest that reef survival probability and mean (percent) coral cover over time are
determined largely by the presence or absence of interannual sea surface temperature
extremes as well as absolute temperature increase, both driving long-term coral decline
(McManus et al, 2019). Major coral bleaching has been reported in Philippine reefs during
severe El Nifio events (Raitzer et al, 2015), as well as in reef systems outside the Coral
Triangle in the Gulf of Thailand (Yeemin et al, 2013). The most extreme marine heatwaves
are projected for tropical Central and West Pacific and Indian Oceans by the end of the century
(Cheng et al., 2023) — see also Section 2.1.

Coral reefs help protect coastlines, drive tourism, provide nurseries for fish and
support shallow water artisanal fishers, so the health of coral ecosystems is important.
Coral reefs help dissipate wave energy, especially during storms, protecting coastlines from
erosion and flooding (Ferrario et al, 2014; Burke and Spalding, 2022). Reefs also provide
important nurseries and habitats for fish, important to near-coast artisanal fishers and coastal
tourism (see below). McManus et al (2019) suggest that Coral Triangle reefs serve as direct
providers of livelihoods for over 100 million people living in coastal communities in the region.
Estimates by Ramadhan et al. (2017) show that the total economic value of protected coral
reef areas in the Tropical Coral Triangle region amounts to USD10 million per hectare per
year. Lam et al (2019) estimate’? that coral reefs in Southeast Asia provide coastal protection
benefits of around USD19 billion annually.

A marine heatwave is a period of abnormally high ocean temperatures relative to the average
seasonal temperature in a particular marine region (Hobday et al., 2016).

72 Drawing on 2017 data from the International Coral Reef Initiative (ICRI) forum: https://icriforum.org/
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Focus Box 8: Ocean acidification

Oceans are becoming more acidic (lower pH) as they absorb excess amounts of atmospheric CO:2
released from human activities. Ocean acidification interacts with pre-existing stressors such as
pollution, sedimentation, overfishing, warming and habitat destruction (Lam et al., 2019). The
consequences of less alkaline conditions on marine life are the subject of intense research efforts.
Reported effects include changes in cellular biology, physiology, population dynamics, and
ecosystem function (Hansson and Gattuso, 2011). There is still considerable uncertainty over the
likely impacts on many ecosystems, organisms and species, and their ability to tolerate and/or adapt
to less alkaline conditions (Doney et al., 2020). For example, emerging evidence suggests the
physiology of some fish species can adapt to a lower pH in their blood, while marine invertebrates
with calcium carbonate skeletons - such as corals, zooplankton, and shellfish - are likely to grow
more slowly (Esbaugh, 2017; Lam et al., 2019). Further uncertainty remains over how these effects
will interact in complex ecosystem dynamics, for example in pelagic or coral reef food webs where
the nutrition of commercially important fish relies on the productivity of zooplankton or corals (Doney
et al.,, 2020). However, it is clear that ocean acidification adds further pressure to marine
ecosystems under stress.

Mangroves

Mangroves provide important provisioning and regulating services but face multiple
threats. Southeast Asia has the most extensive area of mangroves of any global region,
covering an estimated 48,000 km? in 2020, roughly 35% of the global total (see Section 3.6.2,
Figure 12, Sakti et al., 2020; ADB, 2021). Mangroves provide a range of services, helping to
protect coasts through wave attenuation, shoreline stabilistion and shelter from high winds
(see Section 3.6.2, Figure 12). They also provide an important source of timber, livestock
forage and food, sequester and store significant amounts of carbon,” and provide important
habitats for fish and invertebrates (Giri et al, 2015; Rahman et al, 2021). However, roughly
one third of mangroves in Southeast Asia were deforested between 1980 and 2020 (see also
Figure 12, Section 3.6.2), mainly for aquaculture and agricultural expansion, while a significant
proportion of mangroves continue to suffer from degradation, the causes of which are difficult
to unravel but include sea level rise, pollution, and reductions in sediment delivery to coastal
areas (see Section 3.6.2, Sakti et al. 2020).

Country-level data highlight the scale of mangrove loss, although national
governments now recognise the importance of mangrove protection and restoration
for coastal resilience. Indonesia accounts for roughly 23% of the world’s mangrove forests
and supports the greatest variety of mangrove species globally, but 40% of forests have been
lost to aquaculture over the last three decades (Kazi et al, 2022). In Philippines, over 50% of
the country’s mangroves were cleared for aquaculture between 1980 and 2020 (Fallin et al.,
2021). In Indonesia, halting mangrove loss for aquaculture development (concentrated in
Kalimantan and Sulawesi) and for oil palm (concentrated in Sumatra) is expected to protect
coastlines and support local communities. The government has committed to restore 600,000
hectares of mangroves by 2024 — the largest such effort in the world (World Bank Group,
2023).

73 Tropical mangrove forests have a higher carbon density than tropical rainforest and sequester carbon
faster than any other terrestrial ecosystem (Donato et al, 2011).
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Mangroves are potentially vulnerable to rising sea levels and more intense cyclones
and storm surges, but risks are likely to be site-specific (Ward et al., 2016; Woodroffe et
al., 2016; Kazi et al, 2022). Rising sea levels can increase the frequency, depth, and duration
of inundation experienced by mangroves, for example during storm surges, making them
vulnerable to drowning or coastal squeeze — the loss of inter-tidal habitat (Woodroffe et al.,
2016). Some studies conclude that mangrove sediment accretion can keep pace with sea
level rise as long as sufficient sediments continue flowing to coastal areas (Woodroffe et al.,
2016). However, Lovelock et al (2015) suggest that mangrove forests at sites with low tidal
range and low sediment supply could be submerged as early as 2070. The World Bank (ADB
and World Bank Group, 2021d) highlight research suggesting that all of Malaysia’s mangroves
could be at risk from rising sea levels and storm surges by 2040.

Seagrasses

Seagrasses provide important ecosystem services but are threatened by a combination
of climate and non-climate hazards (Fortes et al, 2018). Sea grass occurs in the waters of
all non-landlocked countries of Southeast Asia (Fortes et al., 2018). Sea grasses provide
nurseries and breeding grounds for other organisms including commercially important fish,
help stabilise sediments and prevent erosion, improve the habitability for coral reefs by
trapping heavy metals and nutrients, provide a source of forage and food for marine turtles
and dugongs, and capture and store carbon (Patro et al., 2017; Unsworth et al, 2019). In
Philippines and Indonesia, for example, seagrass meadows provide habitats that support both
artisanal fishers and larger commercial operators (Fortes et al, 2018; Unsworth et al, 2019;
Supriyadi et al, 2023 — see also Section 3.7.3 below). Southeast Asia has 21 seagrass
species, with the highest diversity (and area coverage) in Philippines (Fortes et al., 2018).
Some 33% of the world’s seagrass beds are found in the territorial waters of East Asian seas
(ADB, 2021).

Rising sea levels can prevent seagrass meadow growth, and warmer seas can lead to
seagrass mortality. However, most damage is likely caused by pollution, dredging, and
excess sedimentation linked to inland deforestation. Despite their importance, regional
research on sea grass status and trends, and responses to different pressures, is scarce: we
can point to trends and likely impacts in broad terms, not to evidenced climate-related impacts
in the region (Fortes et al, 2018). When seagrass is lost, however, there is strong evidence
globally that fisheries and their stocks often become compromised with negative economic
consequences (Gillanders, 2006).

3.7.3 Marine fisheries

Marine fisheries are significant contributors to livelihoods and economies in the region,
so climate-related impacts on fish stocks, productivity and distribution could have far-
reaching consequences. The fisheries sector, including ocean fishing and marine
aquaculture, is a key source of employment, revenue and food security (ADB, 2021). ASEAN’s
10 member states account for almost 20% of global fisheries production, with export earnings
valued at around USD1.95 billion in 2018 (Gopal and Anbumozhi, 2019; ADB, 2021).
Indonesia, Viet Nam, and Philippines are among the world’s 10 largest marine fisheries
producers (FAO, 2021), and while the fisheries sector of Timor-Leste is small and under-
developed it is a key source of livelihoods and has potential for growth (ADB and World Bank
Group, 2021e). However, statistics do not disaggregate the socioeconomic contributions of
marine fisheries from those of inland (freshwater) fisheries. Fisheries employ almost two
million fishers in Philippines, and 2.8 million fishers and 4.2 fish farmers in Indonesia; it is
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reasonable to assume that most of these fishers and a minority of these fish farmers are
employed in marine production (FAO, 2021). In Viet Nam, where the sector is more mixed
between inland and marine fisheries, 2.6 million are employed directly as fishers or fish
farmers, and a further 254 thousand people are engaged in fish processing (FAO, 2021). In
2021, fish and crustacean exports generated over USD 9 billion for Viet Nam, USD 5.3 billion
for Thailand, USD 5.2 billion for Indonesia and USD 919,000 for Philippines (FAO, 2023a,b),
implying that most of the large catches of these two nations are consumed domestically. Fish
is also a significant contributor to food security in the region (Gopal and Anbumozhi, 2019;
ADB, 2021; FAO, 2021). This is particularly so in Indonesia, where fish accounts for over 60%
of all dietary animal protein, but also in Malaysia, Myanmar, and Thailand where fish contribute
over 35% of animal protein (FAO, 2021) — see also Section 3.1.

Marine species are likely to experience average and maximum temperatures above, and
pH and oxygen below, the levels to which they are adapted, with negative impacts on
fish production. Evidence remains limited, but the fisheries potential of Indonesian
waters could decrease by 13-29% by the 2050s (Barange et al, 2018). Southeast Asian
seas are projected to warm by 1.2 °C by the 2050s and by around 3°C by the end of the
century (Gutiérrez et al., 2021 - CMIPG; Kay et al., 2023), reducing fish productivity. Indirect
climate effects may also include the loss of nursery habitats for fish such as mangroves and
coral reefs due to sea-level rise and increasing temperatures (see above). These trends will
likely exacerbate existing pressures on fish stocks from overfishing, pollution and habitat
destruction (Gopal and Anbumozhi, 2019; ADB, 2021). Data for the region are sparse, but
fisheries catch potential in Indonesian waters could potentially decline by 13-29% to the 2050s,
depending on the emissions scenario, rising to 18-63% by the end of the century, though with
some gains possible off the south coast of Java (Barange et al, 2018). Uncertainty intervals
are large reflecting difficulties in identifying and quantifying fish sensitivities to compound
hazards, but marine species generally are likely to experience sea temperatures, pH and
dissolved oxygen levels beyond their adapted range (Barange et al, 2018). Risks to port
infrastructure and maritime trade are discussed in Section 3.4.

Existing pressures on fish stocks, particularly from overfishing and habitat destruction,
exacerbate climate-related risks. FAO assessments report roughly 21% of western Pacific
and 35% of eastern Indian Ocean fish stocks as overfished and exploited beyond their
sustainable limits (FAO, 2019; 2022). Part of this overfishing effort comes from East Asian
vessels moving beyond their own waters, where 45% of stocks are overfished (FAO, 2022).
lllegal, unreported, and unregulated activities also contribute to overfishing (FAO, 2018). Other
pressures on fish stocks include marine pollution, the loss of nursery habitats to aquaculture
and agriculture, and destructive fishing methods. This baseline of environmental degradation
exacerbates vulnerability to climate impacts. Small-scale fisheries and coastal communities in
Southeast Asia must negotiate deepening commodification, worsening environmental
degradation, loss of access to fishing grounds, degradation of fish nurseries (see above) and
an intensifying ‘squeeze’ on coastal space (Fabinyi et al., 2022).

Southeast Asia’s fisheries sector is transforming, and this will affect the distribution of
risks between different fishing sectors and groups of people. Inland aquaculture
production in the region increased by 460% between 2000 and 2015 (FAO, 2023b). However,
most nations still derive the majority of their fish production from marine areas (OECD and
FAO, 2017). For example, Indonesia is the world’s third largest fish producer and in 2021,
53% of the 13 million tonnes it produced came from marine capture fisheries, 15% from marine
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aquaculture, and 33% from inland waters (FAO, 2023a,b). Similar patterns hold in Malaysia,
Philippines, Thailand, and Viet Nam, which respectively produce 93%, 82%, 77%, and 66% of
their fish from marine waters (FAO, 2023a,b). Marine aquaculture is also a large and growing
sector in many of these nations. Marine aquaculture generates 25% of Viet Nam’s 8.3 million
tonnes of annual fisheries production and includes over one million tonnes of crustacea each
year, primarily commercially valuable shrimp, and a further 300,000 tonnes of marine snails
(FAO, 2023b). Indonesia’s marine aquaculture produces almost one million tonnes of
crustacea but also over nine million tonnes of seaweed, primarily for industrial applications.
Marine aquaculture represents a significant and growing use of sea space in Southeast Asia
and has contributed significantly to the loss of mangrove ecosystems — see above (McSherry
et al., 2023).

As fish unable to adapt to higher sea temperatures migrate to higher latitudes, target
species accessible to poorer, artisanal fishers operating smaller, near-coast vessels
may change. Over the last two decades Southeast Asia’s marine fisheries have evolved from
small-scale production for domestic consumption to a mixture of small- and larger-scale
export-oriented production (OECD and Food and Agriculture Organization of the United
Nations, 2017). As part of this transformation, in most countries the number of traditional
unpowered fishing vessels has declined while the number and average size of powered
vessels has increased. For example, between 2000 and 2019 the number of unpowered
vessels in Indonesia decreased from 252,515 to 165,050 while the number of powered vessels
grew from 352,332 to 460,657 (FAO, 2021). Over the same period, the average tonnage of
Indonesian tuna longliners grew from 67 to 75 tons, purse seiners from between 30-120 tons
to 147 tons, and pole-and-line vessels from 10-50 tons to 80 tons (FAO, 2020). This
development of the fishing sector to supply global food chains is therefore likely to have
reduced some aspects of climate vulnerability, with commercial fleets able to access finance,
invest in new gear and track target species. However, small, unpowered artisanal vessels
continue to provide livelihoods for some of the poorest and most climate-vulnerable members
of society, particularly in Indonesia and Philippines (292,182 vessels), and pockets remain in
countries such as Myanmar (5,122 vessels) and Malaysia (3,155 vessels) (FAO, 2021). For
these fishers and the communities, they support, changes in species composition and
accessibility could have negative impacts on diets and incomes. This is a tentative conclusion
as data are sparse, however, and the main risks they face will likely come from habitat
destruction in coastal areas — see above (Fabinyi et al, 2022).

Intensifying typhoons are likely to disproportionately affect artisanal fishers because
of their smaller boats and limited coastal protection compared to larger fishing fleets
with access to port infrastructure. When not at sea industrial fleets are more likely to be
protected against typhoons in port facilities, although those facilities may need upgrading to
cope with sea-level rise and more intense storms (see Section 3.4). In contrast, artisanal
fishers in smaller (often unpowered) vessels are more exposed: less able to travel to more
distant fishing grounds, and less able to access shelter from intense storms.

Marine aquaculture production is also vulnerable to climate hazards. Marine aquaculture
made up 25% of Viet Nam’s and 15% of Indonesia’s fishery production in 2021 (authors’
calculation from FAO, 2023a,b) and will be negatively affected by higher water temperatures,
particularly in shallow systems. Aquaculture production will also be unable to move production
towards more tolerable conditions as sea temperatures rise. With coastal flooding also comes
higher risk of saline intrusion, damaging freshwater capture fisheries and decreasing
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freshwater availability for aquaculture (FAO, 2011 — see also Section 3.1). In addition,
crustacea and mollusk species are likely to be particularly vulnerable to ocean acidification
(Focus Box 8), impacting commercially important species.

3.7.4 Coastal and Marine Tourism

Climate risks to coastal and marine habitats could also affect the tourism industry.
Travel and tourism generated around 12% of Southeast Asia’s GDP pre-Covid (OECD, 2023),
with the scuba-diving industry alone estimated at around USD4.5 billion/year in the early
2000s in Thailand, Indonesia, and Malaysia (Pascoe et al., 2014).

Over three million people are employed by roughly 8000 businesses depending directly
or indirectly on coral reefs in Southeast Asia (Lam et al., 2019).” There are around 3.4
million coral reef fishers in Southeast Asia. Although revenues from coral reef fisheries
represent a small share of agricultural GDP, the benefits mainly accrue to small-scale artisanal
fishers and poorer communities dependent on shallower, near-coast waters (Lam et al., 2019).
Countries with a predominantly rural economy are more directly dependent on ecosystem
services and biodiversity, including Myanmar, Lao PDR, Cambodia, and Viet Nam (Renaud et
al., 2021).

Proactive policies to restore the health of the Coral Triangle could generate substantial
economic returns. According to a quantitative model looking at interactions between coral
reefs, tourism, coastal development and fisheries, policies to deliver a healthy coral reef could
deliver additional economic benefits amounting to USD36.7 billion by 2030, although coral
reefs themselves may (UN environment et al., 2018).

74 Drawing on 2017 data from the International Coral Reef Initiative forum: https://icriforum.org/

106

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://icriforum.org/

g Met Ofﬁce @ D I . Image location: Thailand

Hadley Centre

Source: © Crown Copyright 2024, Met Office



4 References

Section 1 — Introduction

Liu, B., Yang, X., Wang, Z., Ding, Y., Zhang, J. and Meng, D. (2023) A Comparison of Six
Forest Mapping Products in Southeast Asia, Aided by Field Validation Data, Remote Sensing,
15(18), 4584, https://doi.org/10.3390/rs15184584

Richardson, K., Lewis, K., Osborne, R., Doherty, A., Mayhew, L. and Burgin, L. (2022) Climate
in context: An interdisciplinary approach for climate risk analysis and communication, Met
Office Hadley Centre.

WorldPop (2018) www.worldpop.org — School of Geography and Environmental Science,
University of Southampton; Department of Geography and Geosciences, University of
Louisville; Departement de Geographie, Universite de Namur) and Center for International
Earth Science Information Network (CIESIN), Columbia University, Global High Resolution
Population Denominators Project — Funded by The Bill and Melinda Gates
Foundation, Accessed from https://worldpop.arcgis.com/arcgis/rest/services/WorldPop Total

Population _1km/ImageServer, which was acquired from https://www.worldpop.org/doi/10.5
258/SOTON/WP00647 on 15 Sep, 2021.

108

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.3390/rs15184584
http://www.worldpop.org/
https://worldpop.arcgis.com/arcgis/rest/services/WorldPop_Total_Population_1km/ImageServer
https://worldpop.arcgis.com/arcgis/rest/services/WorldPop_Total_Population_1km/ImageServer
https://www.worldpop.org/doi/10.5258/SOTON/WP00647
https://www.worldpop.org/doi/10.5258/SOTON/WP00647

Section 2 — Current and future climate in the Southeast Asia region

ADB (2017) A Region at Risk: The Human Dimensions of Climate Change in Asia and Pacific.
Asian Development Bank, July 2017. https://dx.doi.org/10.22617/TCS178839-2

ADB (2021a) Asian Development Outlook 2021 Update: Transforming Agriculture in Asia.
Asian Development Bank, September 2021. https://www.adb.org/outlook/editions/september-
2021/theme-chapter

ADB (2021b) Asian Development Bank. “Financing the Ocean back to Health in Southeast
Asia: Approaches for Mainstreaming Blue Finance.” Dec. 2021.

Almazroui, M., Saeed, F., Saeed, S., Ismail, M., Ehsan, M., Islam, M., Abid, M., O-Brien, E.,
Kamil, S., Rashid, I. and Nadeem, |. (2021) Projected Changes in Climate Extremes Using
CMIP6 Simulations Over SREX Regions, Earth Systems and Environment, 5. 481-497,
https://doi.org/10.1007/s41748-021-00250-5

ASEAN (2022) Sustainable Urbanisation Report 2022: Sustainable Cities Towards 2025 and
Beyond. ASEAN Secretariat, December 2022._htips://asean.org/book/asean-sustainable-
urbanisation-report/

Becker, A., Finger, P., Meyer-Christoffer, A., Rudolf, B., Schamm, K., Schneider, U. and Ziese,
M. (2013) A description of the global land-surface precipitation data products of the Global
Precipitation Climatology Centre with sample applications including centennial (trend) analysis
from 1901-present, Earth System Science Data, 5(1): 71-99, https://doi.org/10.5194/essd-5-
71-2013

Begum, A., R., R. Lempert, E. Ali, T.A. Benjaminsen, T. Bernauer, W. Cramer, X. Cui, K. Mach,
G. Nagy, N.C. Stenseth, R. Sukumar, and P. Wester (2022) Point of Departure and Key
Concepts. In: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of
Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [H.-O. Pértner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria,
M. Craig, S. Langsdorf, S. Léschke, V. Moller, A. Okem, B. Rama (eds.)]. Cambridge
University Press, Cambridge, UK and New York, NY, USA, pp. 121-196,
doi:10.1017/9781009325844.003

Bhatia, K., Vecchi, G., Murakami, H., Underwood, S. and Kossin, J. (2018) Projected
Response of Typhoon Intensity and Intensification in a Global Climate Model, American
Meteorological Society, 8281-8303, https://doi.org/10.1175/JCLI-D-17-0898.1

Collins, M., Sutherland, M., Bouwer, L., Cheong, S.-M., Frélicher, T., Jacot Des Combes, H.,
Koll Roxy, M., Losada, |, Mclnnes, K., Ratter, B., Rivera-Arriaga, E., Susanto, R.,
Swingedouw, D. and Tibig, L. (2019) Extremes, Abrupt Changes and Managing Risk. In: IPCC
Special Report on the Ocean and Cryosphere in a Changing Climate [Poértner, H.-O., Roberts,
D., Masson-Delmotte, V., Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegria, A.,
Nicolai, M., Okem, A., Petzold, J., Rama, B. and Weyer, N. (eds.)]. Cambridge University
Press, Cambridge, UK and New York, NY, USA, pp. 589-655.
https://doi.org/10.1017/9781009157964.008.

CRED-EM-DAT (2023) Em-dat: international disaster database. Centre for Research on the
Epidemiology of Disasters, Universidad Catdlic a de Lovaina, Bruselas. https://www.emdat.be/

109

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://dx.doi.org/10.22617/TCS178839-2
https://www.adb.org/outlook/editions/september-2021/theme-chapter
https://www.adb.org/outlook/editions/september-2021/theme-chapter
https://doi.org/10.1007/s41748-021-00250-5
https://asean.org/book/asean-sustainable-urbanisation-report/
https://asean.org/book/asean-sustainable-urbanisation-report/
https://doi.org/10.5194/essd-5-71-2013
https://doi.org/10.5194/essd-5-71-2013
https://doi.org/10.1175/JCLI-D-17-0898.1
https://doi.org/10.1017/9781009157964.008
https://www.emdat.be/

Dodman, D., B. Hayward, M. Pelling, V. Castan Broto, W. Chow, E. Chu, R. Dawson, L.
Khirfan, T. McPhearson, A. Prakash, Y. Zheng, and G. Ziervogel, (2022) Cities, Settlements
and Key Infrastructure. In: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.
Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdller, A. Okem, B. Rama
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 907-1040,
doi:10.1017/9781009325844.008.

Dong, Z., Wang, L., Sun, Y., Hu, T., Limsakul, A., Singhruck, P. and Pimonsree, S. (2021)
Heatwaves in Southeast Asia and Their Changes in a Warmer World, Earth’s Future, 9(7):
e2021EF001992, https://doi.org/10.1029/2021EF001992

ESCAP (2020) Asia and the Pacific SDG Progress Report. Bangkok: United Nations Economic
and Social Commission for Asia and the Pacific. https://www.unescap.org/publications/asia-
and-pacific-sdg-progress-report-2020

FAO, UNICEF, WFP and WHO (2023). Asia and the Pacific — Regional Overview of Food
Security and Nutrition 2022. Urban food security and nutrition. Bangkok, FAO.
https://doi.org/10.4060/cc3990en

Fox-Kemper, B., Hewitt, H., Xiao, C., Adalgeirsdottir, G., Drijfhout, S., Edwards, T., Golledge,
N., Hemer, M., Kopp, R., Krinner, G., Mix, A., Notz, D., Nowicki, S., Nurhati, |., Ruiz, L., Sallée,
J.-B., Slangen, A. and Yu, Y. (2021) Ocean, Cryosphere and Sea Level Change. In Climate
Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte,
V., Zhai, P., Pirani, A., Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L.,
Gomis, M., Huang, M., Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T.,
Yelekgi, O., Yu, R. and Zhou, B. (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, pp. 1211-1362, doi:10.1017/9781009157896.011.

Gutiérrez, J., Jones, R., Narisma, G., Alves, L., Amjad, M., Gorodetskaya, |., Grose, M.,
Klutse, N., Krakovska, S., Li, J., Martinez-Castro, D., Mearns, L., Mernild, S., Ngo-Duc, T.,
van den Hurk, B. and Yoon, J.-H. (2021a) Atlas. In Climate Change 2021: The Physical
Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A,
Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T., Yelekgi, O., Yu, R. and
Zhou, B. (eds.)]. Cambridge University Press. In Press. Interactive Atlas available from
Available from http://interactive-atlas.ipcc.ch/.

Gutiérrez, J., Jones, R., Narisma, G., Alves, L., Amjad, M., Gorodetskaya, |., Grose, M.,
Klutse, N., Krakovska, S., Li, J., Martinez-Castro, D., Mearns, L., Mernild, S., Ngo-Duc, T.,
van den Hurk, B. and Yoon, J.-H. (2021b) Atlas. In Climate Change 2021: The Physical
Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A,
Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T., Yelekgi, O., Yu, R. and
Zhou, B. (eds.)]. Cambridge University Press. Cambridge, United Kingdom and New York,
NY, USA, pp. 1927-2058, https://dx.doi.org/10.1017/9781009157896.021.

110

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1029/2021EF001992
https://www.unescap.org/publications/asia-and-pacific-sdg-progress-report-2020
https://www.unescap.org/publications/asia-and-pacific-sdg-progress-report-2020
https://doi.org/10.4060/cc3990en
doi:10.1017/9781009157896.011
http://interactive-atlas.ipcc.ch/
https://dx.doi.org/10.1017/9781009157896.021

Hallegatte, S. (2016) Shock waves: managing the impacts of climate change on poverty.
World Bank Publications.

Hallegatte, S., Rentschler, J. and Rozenberg, J. (2019) Lifelines: The Resilient Infrastructure
Opportunity. Sustainable Infrastructure Series. Washington DC: World Bank.
https://openknowledge.worldbank.org/handle/10986/31805

Hansen, J., Hellin, J., Rosenstock, T., Fisher, E., Cairns, J., Stirling, C., Lamanna, C., van
Etten, J., Rose, A. and Campbell, B. (2019) Climate risk management and rural poverty
reduction. Agricultural Systems, 172: 28-46

Hariadi, M.H., Van Der Schrier, G., Steeneveld, G., Ratri, D.N., Sopaheluwakan, A., Tank,
A.K., Aldrian, E., Gunawan, D., Moine, M., Bellucci, A., Senan, R., Tourigny, E., Putrasahan,
D.A., Linarka, U.A. (2022) Evaluation of extreme precipitation over Southeast Asia in the
Coupled Model Intercomparison Project Phase 5 regional climate model results and
HighResMIP global climate models. Intl Journal of Climatology 43, 1639-1659.
https://doi.org/10.1002/joc.7938

Harris, I., Osborn, T., Jones, P. and Lister, D. (2020) Version 4 of the CRU TS monthly high-
resolution gridded multivariate climate dataset, Scientific Data, 7:109,
https://doi.org/10.1038/s41597-020-0453-3

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horanyi, A., Mufioz-Sabater, J., Nicolas,
J., Peubey, C., Radu, R., Schepers, D., Simmons, A., Soci, C., Abdalla, S., Abellan, X.,
Balsamo, G., Bechtold, P., Biavati, G., Bidlot, J., Bonavita, M., Chiara, G., Dahlgren, P., Dee,
D., Diamantakis, M., Dragani, R., Flemming, J., Forbes, R., Fuentes, M., Geer, A,
Haimberger, L., Healy, S., Hogan, R., H6lm, E., Janiskova, M., Keeley, S., Laloyaux, P.,
Lopez, P., Lupu, C., Radnoti, G., Rosnay, P., Rozum, |., Vamborg, F., Villaume, S. and
Thépaut, J-N. (2020) The ERA5 (global reanalysis, Royal Meteorological
Society, https://doi.org/10.1002/qj.3803

IEA (2022) Southeast Asia Energy Outlook 2022. |IEA, Paris (www.iea.org/reports/southeast-
asia-energy-outlook-2022).

IHME-GBD (2019) Global Burden of Disease (GBD) Study 2019. Institute for Health Metrics
and Evaluation/The Lancet. See: https://www.healthdata.org/research-analysis/gbd

Im, E-S., Kang, S. and Eltahir, E. (2018) Projections of rising heat stress over the western
Maritime Continent from dynamically downscaled climate simulations, Global and Planetary
Change, 165: 160-172, https://doi.org/10.1016/j.gloplacha.2018.02.014

Iskandar, M. R., Ismail, M. F. A., Arifin, T. and Chandra, H. (2021) Marine heatwaves of sea
surface temperature off south Java, Heliyon, 7(12): e08618,
https://doi.org/10.1016/j.heliyon.2021.e08618

IPCC (2021a) Climate Change 2021: The Physical Science Basis. Contribution of Working
Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
[Masson-Delmotte, V., Zhai, P., Pirani, A., Connors, S., Péan, C., Berger, S., Caud, N., Chen,
Y., Goldfarb, L., Gomis, M., Huang, M., Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T.,
Waterfield, T., Yelek¢i, O., Yu, R. and Zhou, B. (eds.)l. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, 2391 pp. doi:10.1017/9781009157896.

111

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://openknowledge.worldbank.org/handle/10986/31805
https://doi.org/10.1002/joc.7938
https://doi.org/10.1038/s41597-020-0453-3
https://doi.org/10.1002/qj.3803
http://www.iea.org/reports/southeast-asia-energy-outlook-2022
http://www.iea.org/reports/southeast-asia-energy-outlook-2022
https://www.healthdata.org/research-analysis/gbd
https://doi.org/10.1016/j.gloplacha.2018.02.014
https://doi.org/10.1016/j.heliyon.2021.e08618
doi:10.1017/9781009157896

IPCC (2021b) Summary for Policymakers. In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A,
Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T., Yelekei, O., Yu, R. and
Zhou, B. (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA, pp. 3-32, doi:10.1017/9781009157896.001.

King, A.D., Karoly, D.J. and Van Oldenborgh, G.J. (2016) ‘Climate Change and EIl Nifo
Increase Likelihood of Indonesian Heat and Drought’, Bulletin of the American Meteorological
Society, 97(12), pp. S113-S117. Available at: https://doi.org/10.1175/BAMS-D-16-0164.1.

Kishtawal, C., Jaiswal, N., Singh, R. and Niyogi, D. (2012) Typhoon intensification trends
during satellite era (1986-2010), Geophysical Research Letters, 39(10),
https://doi.org/10.1029/2012GL051700

Kitoh, A. and Endo, H. (2019) Future Changes in Precipitation Extremes Associated with
Typhoons Projected by Large-Ensemble Simulations, Journal of Meteorological Society of
Japan, 97(1), 141-152, https://doi.org/10.2151/jmsj.2019-007

Knutson, T., Camargo, S., Chan, J., Emanuel, K., Ho, C-H., Kossin, J., Mohapatra, M., Satoh,
M., Sugi, M., Walsh, K. and Wu, L. (2020) Typical Typhoons and Climate Change Assessment:
Part Il: Projected Response to Anthropogenic Warming, American Meteorological Society:
E303-E322, https://doi.org/10.1175/BAMS-D-18-0194.1

Lee, T-C., Knutson, T., Nakaegawa, T., Ying, M. and Cha, E. (2020) Third assessment on
impacts of climate change on typhoons in the Typhoon Committee Region — Part |: Observed
changes, detection and attribution, Typhoon Research and Review, 9(1): 1-22,
https://doi.org/10.1016/j.tcrr.2020.03.001

Li, X., Yuan, C. and Hang, J. (2022) ‘Heat Wave Trends in Southeast Asia: Comparison of
Results From Observation and Reanalysis Data’, Geophysical Research Letters, 49(4), p.
e2021GL097151. Available at: https://doi.org/10.1029/2021GL097151.
https://doi.org/10.1029/2021GL097151.

Luu, L., Scussolini, P., Kew, S., Philip, S., Hariadi, M., Vautard, R., Mai, K., Vu, T., Truong, K.,
Otto, F., Schrier, G., van Aalst, M. and van Oldenborgh, G. (2021) Attribution of typhoon-
induced torrential precipitation in Central Vietnam, October 2020, Climatic Change, 169: 24,
https://doi.org/10.1007/s10584-021-03261-3

Ma, Z. et al. (2022) ‘AERAS-Asia: A Long-Term Asian Precipitation Dataset (0.1°, 1-hourly,
1951-2015, Asia) Anchoring the ERAS-Land under the Total Volume Control by
APHRODITE’, Bulletin of the American Meteorological Society, 103(4), pp. E1146-E1171.
Available at: https://doi.org/10.1175/BAMS-D-20-0328.1.

Matsumoto, J., Olaguera, L., Nguyen-Le, D., Kubota, H. and Villafuerte 1l, M. (2020)
Climatological seasonal changes of wind and rainfall in the Philippines, International Journal
of Climatology, 40: 4843-4857, https://doi.org/10.1002/joc.6492.

112

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


doi:10.1017/9781009157896.001
https://doi.org/10.1175/BAMS-D-16-0164.1
https://doi.org/10.1029/2012GL051700
https://doi.org/10.2151/jmsj.2019-007
https://doi.org/10.1175/BAMS-D-18-0194.1
https://doi.org/10.1016/j.tcrr.2020.03.001
https://doi.org/10.1029/2021GL097151
https://doi.org/10.1029/2021GL097151
https://doi.org/10.1007/s10584-021-03261-3
https://doi.org/10.1175/BAMS-D-20-0328.1
https://doi.org/10.1002/joc.6492

Met Office, Intertropical Convergence Zone (ITCZ), accessed January 2024, available
https://www.metoffice.gov.uk/weather/learn-about/weather/atmosphere/intertropical-
convergence-zone

Oliver, E.C.J., Perkins-Kirkpatrick, S.E., Holbrook, N.J. and Bindoff, N.L. (2018)
Anthropogenic and Natural Influences on Record 2016 Marine Heat waves. Bulletin of the
American Meteorological Society 99, S44-S48. https://doi.org/10.1175/BAMS-D-17-0093.1

Panwar, V., and Sen, S. (2019) Economic impact of natural disasters: An empirical re-
examination. Margin: The Journal of Applied Economic Research, 13(1), 109-139.
https://doi.org/10.1177/0973801018800087

Qin, L., Liao, X., Xu, W., Meng, C. and Zhai, G. (2023) Change in Population Exposure to
Future Typhoons in Northwest Pacific, Atmosphere, 14(1): 69,
https://doi.org/10.3390/atmos 14010069

Sachs, J., McArthur, J.W., Schmidt-Traub, G., Kruk, M., Bahadur, C., Faye, M. and McCord,
G. (2004). Ending Africa's poverty trap. Brookings papers on economic activity 2004(1): 117-
240.

Schipper, L. and Pelling, M. (2006). Disaster risk, climate change and international
development: scope for, and challenges to, integration. Disasters 30(1): 19-38

Seneviratne, S., Zhang, X., Adnan, M., Badi, W., Dereczynski, C., Di Luca, A., Ghosh, S.,
Iskandar, I., Kossin, J., Lewis, S., Otto, F., Pinto, I., Satoh, M., Vicente-Serrano, S., Wehner,
M. and Zhou, B. (2021) Weather and Climate Extreme Events in a Changing Climate. In
Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-
Delmotte, V., Zhai, P., Pirani, A., Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y.,
Goldfarb, L., Gomis, M., Huang, M., Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T.,
Waterfield, T., Yelek¢i, O., Yu, R. and Zhou, B. (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 1513-1766,
doi:10.1017/9781009157896.013.

Shaw, R., Luo, Y., Cheong, T., Abdul Halim, S., Chaturvedi, S., Hashizume, M., Insarov, G.,
Ishikawa, Y., Jafari, M., Kitoh, A., Pulhin, J., Singh, C., Vasant, K., and Zhang, Z. (2022) Asia.
In: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Working
Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change
[Portner, H.-O., Roberts, D., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegria, A., Craig,
M., Langsdorf, S., Loschke, S., Moller, V., Okem, A. and Rama, B. (eds.)]. Cambridge
University Press, Cambridge, UK and New York, NY, USA, pp. 1457-1579,
doi:10.1017/9781009325844.012.

Siswanto, Jan Van Oldenborgh, G., Van Der Schrier, G., Lenderink, G. and Van Den Hurk, B.
(2015) Trends in High-Daily Precipitation Events in Jakarta and the Flooding of January 2014.
Bull. Amer. Meteor. Soc. 96, S131-S135. https://doi.org/10.1175/BAMS-D-15-00128.1

Stojanovic, M., Liberato, M., Sori, R., Vazquez, M., Phan-Van, T., Duongvan, H., Hoang Cong,
T., Nguyen, P., Nieto, R. and Gimeno, L. (2020) Trends and Extremes of Drought Episodes in
Vietnam Sub-Regions during 1980-2017 at Different Timescales, Water, 12: 813,
https://doi.org/10.3390/w12030813

113

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.metoffice.gov.uk/weather/learn-about/weather/atmosphere/intertropical-convergence-zone
https://www.metoffice.gov.uk/weather/learn-about/weather/atmosphere/intertropical-convergence-zone
https://doi.org/10.1175/BAMS-D-17-0093.1
https://doi.org/10.1177/0973801018800087
https://doi.org/10.3390/atmos14010069
doi:10.1017/9781009157896.013
doi:10.1017/9781009325844.012
https://doi.org/10.1175/BAMS-D-15-00128.1
https://doi.org/10.3390/w12030813

Supari, Tangang, F., Juneng, L., Cruz, F., Chung, J., Ngai, S., Salimun, E., Mohd, M.,
Santisirisomboon, J., Singhruck, P., PhanVan, T., Ngo-Duc, T., Narisma, G., Aldrian, E.,
Gunawan, D. and Sopaheluwakan, A. (2020) Multi-model projections of precipitation extremes
in Southeast Asia based on CORDEX-Southeast Asia simulations, Environmental Research,
184: 109350, ISSN 0013-9351, https://doi.org/10.1016/j.envres.2020.109350

Takayabu, I., Hibino, K., Sasaki, H., Shiogama, H., Mori, N., Shibutani, Y. and Takemi, T.
(2015) Corrigendum: Climate change effects on the worst-case storm surge: a case study of
Typhoon Haiyan, Environmental Research Letters, 10(8), p. 089502. Available at:
https://doi.org/10.1088/1748-9326/10/8/089502.

Tasri, E. S., Karimi, K., and Muslim, I. (2022) The effect of economic variables on natural
disasters and the impact of disasters on economic variables. Heliyon, 8(1).
https://doi.org/10.1016/j.heliyon.2021.e08678

Villafuerte 1l, M. and Matsumoto, J. (2015) Significant Influences of Global Mean Temperature
and ENSO on Extreme Rainfall in Southeast Asia, American Meteorological Society, 1905-
1919, https://doi.org/10.1175/JCLI-D-14-00531.1

Villafuerte Il, M., Matsumoto, J., Akaska, |. and Takahashi, H. (2014) Long-term trends and
variability of rainfall extremes in the Philippines, Atmospheric Research, 137(D14): 1-13,
DOI:10.1016/j.atmosres.2013.09.021

Wehner, M., Reed, K., Loring, B., Stone, D. and Krishnan, H. (2018) Changes in typhoons
under stabilized 1.5 and 2.0 °C global warming scenarios as simulated by the Community
Atmospheric Model under the HAPPI protocols, Earth System Dynamics, 9(1): 187-195,
https://doi.org/10.5194/esd-9-187-2018

WHO (2019a) Domestic general government health expenditure (% of GDP) 2019 data. WHO
via World Bank, processed by Our World in Data. https://ourworldindata.org/financing-
healthcare#public-spending-on-health

WHO (2019b) Out-of-pocket expenditure (% of current health expenditure) 2019 data. WHO
via World Bank, processed by Our World in Data. https://ourworldindata.org/financing-
healthcare#how-important-are-out-of-pocket-expenditures-around-the-world

Wisner, B., Blaikie, P., Cannon, T. and Dauvis, |. (2003) At Risk: natural hazards, people’s
vulnerability and disasters (2nd Ed.) New York, NY, Routledge, 464 pp.

World Bank (2020) Demographic Trends and Urbanisation. Washington D.C.: World Bank.
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-
Trends-and-Urbanization.pdf

World Meteorological Organization (WMO) (2024) State of the Climate in Asia 2023,
https://library.wmo.int/viewer/68890/download?file=1350 State-of-the-Climate-in-Asia-2023.
pdf&type=pdf&navigator=1

Wu, P-C., Wei, M. and D’Hondt, S. (2022) Subsidence in Coastal Cities Throughout the World
Observed by InSAR, Geophysical Research Letters, 49(7): €2022GL098477,
https://doi.org/10.1029/2022GL 098477

114

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1016/j.envres.2020.109350
https://doi.org/10.1088/1748-9326/10/8/089502
https://doi.org/10.1016/j.heliyon.2021.e08678
https://doi.org/10.1175/JCLI-D-14-00531.1
http://dx.doi.org/10.1016/j.atmosres.2013.09.021
https://doi.org/10.5194/esd-9-187-2018
https://ourworldindata.org/financing-healthcare#public-spending-on-health
https://ourworldindata.org/financing-healthcare#public-spending-on-health
https://ourworldindata.org/financing-healthcare#how-important-are-out-of-pocket-expenditures-around-the-world
https://ourworldindata.org/financing-healthcare#how-important-are-out-of-pocket-expenditures-around-the-world
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf
https://library.wmo.int/viewer/68890/download?file=1350_StateoftheClimateinAsia2023.pdf&type=pdf&navigator=1
https://library.wmo.int/viewer/68890/download?file=1350_StateoftheClimateinAsia2023.pdf&type=pdf&navigator=1
https://doi.org/10.1029/2022GL098477

Xu, T., Newman, M., Capotondi, A., Stevenson, S., Lorenzo, E. and Alexander, M. (2022) An
increase in marine heatwaves without significant changes in surface ocean temperature
variability, Nature Communications, 13: 7396, https://doi.org/10.1038/s41467-022-34934-x

Yamaguchi, M. and Maeda, S. (2020) Slowdown of Typhoon Translation Speeds in Mid-
latitudes in September Influenced by the Pacific Decadal Oscillation and Global Warming.
Journal of the Meteorological Society of Japan 98, 1321-1334.
https://doi.org/10.2151/imsj.2020-068

Yatagai, A., Kamiguchi, K., Arakawa, O., Hamada, A., Yasutomi, N. and Kitoh, A. (2012)
APHRODITE: Constructing a Long-Term Daily Gridded Precipitation Dataset for Asia Based
on a Dense Network of Rain Gauges, Bulletin of the American Meteorological Society, 93(9):
1401-1415, https://doi.org/10.1175/BAMS-D-11-00122.1

Yun, X., Tang, Q., Wang, J., Liu, X.,, Zhang, Y., Lu, H., Wang, Y., Zhang, L. and Chen, D.
(2020) Impacts of climate change and reservoir operation on streamflow and flood
characteristics in the Lancang-Mekong River Basin, Journal of Hydrology, 590, 125472,
https://doi.org/10.1016/j.jhydrol.2020.125472

115

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1038/s41467-022-34934-x
https://doi.org/10.2151/jmsj.2020-068
https://doi.org/10.1175/BAMS-D-11-00122.1
https://doi.org/10.1016/j.jhydrol.2020.125472

Section 3.1 — Agriculture and food security

ADB (2017) A Region at Risk: The Human Dimensions of Climate Change in Asia and Pacific.
Asian Development Bank, July 2017. https://dx.doi.org/10.22617/TCS178839-2

ADB (2021) Asian Development Outlook 2021 Update: Transforming Agriculture in Asia. Asian
Development Bank, September 2021. https://www.adb.org/outlook/editions/september-
2021/theme-chapter

Allison, E.H., Perry, A.L., Badjeck, M-C., Adger, W.N., Brown, K., Conway, D., Halls, A.S.,
Pilling, G.M., Reynolds, J.D., Andrew, N.L. & Dulvy, N.K. (2009). Vulnerability of national
economies to the impacts of climate change on fisheries. Fish and Fisheries, 10(2): 173-196.

Bezner Kerr, R., T. Hasegawa, R. Lasco, |. Bhatt, D. Deryng, A. Farrell, H. Gurney-Smith, H.
Ju, S. Lluch-Cota, F. Meza, G. Nelson, H. Neufeldt, and P. Thornton (2022): Food, Fibre, and
Other Ecosystem Products. In: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.
Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V. Mdéller, A. Okem, B. Rama
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 713-906,
doi:10.1017/9781009325844.007.

Cai. Y., Jayatilleke S. B. and Newth, D. (2016) A framework for integrated assessment of food
production economics in South Asia under climate change. Environmental Modelling &
Software, Volume 75, 2016, pp459-497. https://doi.org/10.1016/j.envsoft.2015.10.024.

Chakraborti, R., Davis, K.F., DeFries, R. et al (2023) Crop switching for water sustainability in
India’s food bowl yields co-benefits for food security and farmers’ profits. Nat Water 1, 864—
878 (2023). https://doi.org/10.1038/s44221-023-00135-z

Chau, T.N. and Scrimgeour (2023). Will climate change jeopardise the Vietnamese target of
maintaining farmland for food security? A fractional multinomial analysis of land use choice.
Agricultural Economics 2023, 54: 570-587. https://doi.org/10.1111/agec.12787

Darby, S.E., Appeaning Addo, K., Hazra, S., Rahman, M.M., Nicholls, R.J. (2020) Fluvial
Sediment Supply and Relative Sea-Level Rise. In: Nicholls, R., Adger, W., Hutton, C., Hanson,
S. (eds) Deltas in the Anthropocene. Palgrave Macmillan, Cham. https://doi.org/10.1007/978-
3-030-23517-8 5

Deutsch, C.A., etal. (2018) Increase in crop losses to insect pests in a warming climate.
Science, 361(6405), 916-919, doi:10.1126/science.aat3466.

Dikitanan, R., Grosjean, G., Nowak, A., Leyte, J. (2017) Climate-Resilient Agriculture in
Philippines. CSA Country Profiles for Asia Series. International Center for Tropical Agriculture
(CIAT); Department of Agriculture - Adaptation and Mitigation Initiatives in Agriculture,
Government of the Philippines. Manila, Philippines. https://hdl.handle.net/10568/82572

FAO (2015) Climate change and food security: risks and responses. Food and Agriculture
Organisation of the United Nations, 2015. Rome.

FAO (2019) data from FAOSTAT: https://www.fao.org/faostat/en/#home

116

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://dx.doi.org/10.22617/TCS178839-2
https://www.adb.org/outlook/editions/september-2021/theme-chapter
https://www.adb.org/outlook/editions/september-2021/theme-chapter
https://doi.org/10.1016/j.envsoft.2015.10.024
https://doi.org/10.1038/s44221-023-00135-z
https://doi.org/10.1111/agec.12787
https://doi.org/10.1007/978-3-030-23517-8_5
https://doi.org/10.1007/978-3-030-23517-8_5
https://hdl.handle.net/10568/82572
https://www.fao.org/faostat/en/#home

FAO (2023a) Fishery and Aquaculture Statistics. Global capture production 1950-2021
(FishStatJ). In: FAO Fisheries and Aquaculture Division [online]. Rome. Updated 2023.
www.fao.org/fishery/en/statistics/software/fishstat]

FAO (2023b) Fishery and Aquaculture Statistics. Global aquaculture production 1950-2021
(FishStatJ). In: FAO Fisheries and Aquaculture Division [online]. Rome. Updated 2023.
www.fao.org/fishery/en/statistics/software/fishstatj

FAO, UNICEF, WFP and WHO (2023). Asia and the Pacific — Regional Overview of Food
Security and Nutrition 2022. Urban food security and nutrition. Bangkok, FAO.
https://doi.org/10.4060/cc3990en

Franke, J. A., Mller, C., Elliott, J., Ruane, A. C., Jagermeyr, J., Balkovic, J., Ciais, P., Dury,
M., Falloon, P. D., Folberth, C., Frangois, L., Hank, T., Hoffmann, M., lzaurralde, R. C.,
Jacquemin, 1., Jones, C., Khabarov, N., Koch, M., Li, M., Liu, W., Olin, S., Phillips, M., Pugh,
T. A. M., Reddy, A., Wang, X., Williams, K., Zabel, F., and Moyer, E. J. (2020) The GGCMI
Phase 2 experiment: global gridded crop model simulations under uniform changes in CO2,
temperature, water, and nitrogen levels (protocol version 1.0), Geosci. Model Dev., 13, 2315—
2336, https://doi.org/10.5194/gmd-13-2315-2020

Froehlich, H.E., R.R. Gentry and B.S. Halpern (2018) Global change in marine aquaculture
production potential under climate change. Nat. Ecol. Evol., 2(11), 1745-1750,
doi:10.1038/s41559-018-0669-1.

Ha, T., Uereyen, S., Kuenzer, C (2023) Agricultural drought conditions over mainland
Southeast Asia: Spatiotemporal characteristics revealed from MODIS-based vegetation time-
series. International Journal of Applied Earth Observation and Geoinformation. 121.
https://doi.org/10.1016/j.jag.2023.103378.

Hallegatte, Stephane; Bangalore, Mook; Bonzanigo, Laura; Fay, Marianne; Kane, Tamaro;
Narloch, UIf; Rozenberg, Julie; Treguer, David; Vogt-Schilb, Adrien (2016) Shock Waves:
Managing the Impacts of Climate Change on Poverty. Climate Change and Development.
Washington, DC: World Bank. http://hdl.handle.net/10986/22787

ILO (2019) Working on a warmer planet: The impact of heat stress on labour productivity and
decent work. International Labour Office — Geneva, ILO, 2019. ISBN 978-92-2-132967-1
(print) ISBN 978-92-2-132968-8

Jafino, Bramka Arga; Walsh, Brian; Rozenberg, Julie; Hallegatte, Stephane (2020) Revised
Estimates of the Impact of Climate Change on Extreme Poverty by 2030. Policy Research
Working Paper 9417. World Bank, Washington, DC. http://hdl.handle.net/10986/34555

Kang, H., Sridhar, V., Mainuddin, M. et al (2021) Future rice farming threatened by drought in
the Lower Mekong Basin. Sci Rep 11, 9383 (2021). https://doi.org/10.1038/s41598-021-
88405-2

Li, S., Wang, Q. and Chun, J.A. (2017) Impact assessment of climate change on rice
productivity in the Indochinese Peninsula using a regional-scale crop model. Int. J. Climatol.
2017. https://doi.org/10.1002/joc.5072

117

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


http://www.fao.org/fishery/en/statistics/software/fishstatj
http://www.fao.org/fishery/en/statistics/software/fishstatj
https://doi.org/10.4060/cc3990en
https://doi.org/10.5194/gmd-13-2315-2020
https://doi.org/10.1016/j.jag.2023.103378
http://hdl.handle.net/10986/22787
http://hdl.handle.net/10986/34555
https://doi.org/10.1038/s41598-021-88405-2
https://doi.org/10.1038/s41598-021-88405-2
https://doi.org/10.1002/joc.5072

Lin H-I, Yu Y-Y, Wen F-I, Liu P-T. (2022) Status of Food Security in East and Southeast Asia
and Challenges of Climate Change. Climate. 2022; 10(3):40.
https://doi.org/10.3390/cli10030040

Lei, J., Chen, L. & Li, H. (2017) Using ensemble forecasting to examine how climate change
promotes worldwide invasion of the golden apple snail (Pomacea canaliculata). Environ Monit
Assess 189, 404 (2017). https://doi.org/10.1007/s10661-017-6124-y

Lima, C., Buzan, J., Moore, F., Baldos, U., Huber, M. Hertel, T. (2021) Heat Stress on
agricultural workers exacerbates crop impacts of climate change. Environmental Research
Letters. 16. https://doi.org/10.1088/1748-9326/abeb9f

Menegat, S., Ledo, A. & Tirado, R. (2022) Greenhouse gas emissions from global production
and use of nitrogen synthetic fertilisers in agriculture. Sci Rep 12, 14490 (2022).
https://doi.org/10.1038/s41598-022-18773-w

Mishra, A., Ketelaar, J., Uphoff, N. and Whitten, M. (2021) Food security and climate-smart
agriculture in the lower Mekong basin of Southeast Asia: evaluating impacts of system of rice
intensification with special reference to rainfed agriculture, International Journal of Agricultural
Sustainability, 19(2): 152-174, https://doi.org/10.1080/14735903.2020.1866852

MRC (2017). Mekong basin-wide fisheries management and development strategy 2018-
2022. Mekong River Commission, November 2017. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.mrcmekong.org/assets/Publicatio
ns/BFMS-Feb20-v-Final.pdf

Nguyen, TTN., Roehrig, F., Grosjean, G., Tran, DN., Vu, TM. (2017). Climate Smart
Agriculture in Vietnam. CSA Country Profiles for Asia Series. International Center for Tropical
Agriculture  (CIAT); The Food and Agriculture Organization. Hanoi, Vietnam.
https://hdl.handle.net/10568/96227

Noack, Frederik; Wunder,Sven; Angelsen,Arild; Borner,Jan (2015). Responses to weather
and climate: a cross-section analysis of rural incomes. Policy Research Working Paper WPS
7478 Washington, D.C. World Bank Group, http://documents.worldbank.org/curated/en/6845
71467991989362/Responses-to-weather-and-climate-a-cross-section-analysis-of-rural-
incomes

Omori, K., Sakai, T., Miyamoto, J. et al. (2021) Assessment of paddy fields’ damage caused
by Typhoon Nargis using MODIS time-series images (2004—2013). Paddy Water Environ 19,
271-281 (2021). https://doi.org/10.1007/s10333-020-00829-0

Pretty, J. (2018). Intensification for redesigned and sustainable agricultural systems. Science
362, 908 (2018). https://doi.org/10.1126/science.aav0294

Savelli, A.; Atieno, M.; Giles, J.; Santos, J.; Leyte, J.; Nguyen, N.V.B.; Koostanto, H.;
Sulaeman, Y.; Douxchamps, S.; Grosjean, G. (2021) Climate-Smart Agriculture in Indonesia.
CSA Country Profiles for Asia Series. Hanoi (Vietnam): The Alliance of Biodiversity and CIAT;
The World Bank Group. https://hdl.handle.net/10568/114898

Sekhar, C.S.C. (2018) Climate change and rice economy in Asia: Implications for trade policy.
Rome, FAO. 62 pp. Licence: CC BY-NC-SA 3.0 IGO.

118

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.3390/cli10030040
https://doi.org/10.1007/s10661-017-6124-y
https://doi.org/10.1088/1748-9326/abeb9f
https://doi.org/10.1038/s41598-022-18773-w
https://doi.org/10.1080/14735903.2020.1866852
https://hdl.handle.net/10568/96227
http://documents.worldbank.org/curated/en/684571467991989362/Responses-to-weather-and-climate-a-cross-section-analysis-of-rural-incomes
http://documents.worldbank.org/curated/en/684571467991989362/Responses-to-weather-and-climate-a-cross-section-analysis-of-rural-incomes
http://documents.worldbank.org/curated/en/684571467991989362/Responses-to-weather-and-climate-a-cross-section-analysis-of-rural-incomes
https://doi.org/10.1007/s10333-020-00829-0
https://doi.org/10.1126/science.aav0294
https://hdl.handle.net/10568/114898

Shaw, R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, M. Hashizume, G.E. Insarov,
Y. Ishikawa, M. Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, and Z. Zhang (2022): Asia. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.
Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S.
Langsdorf, S. Léschke, V. Mdéller, A. Okem, B. Rama (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 1457-1579, doi:10.1017/9781009325844.012.

Smaijgl, A., Toan, T.Q., Nhan, D.K., Ward, J., Trung, N.H., Tri, L.Q., Tri, V.P.D. and Vu, P.T.
(2015) Responding to rising sea levels in the Mekong Delta. Nature Clim Change 5, 167-174,
https://doi.org/10.1038/nclimate2469

Smolenaars, W., Muhammad Khalid Jamil, Sanita Dhaubanjar, Arthur F. Lutz, Walter
Immerzeel, Fulco Ludwig and Hester Biemans (2023) Exploring the potential of agricultural
system change as an integrated adaptation strategy for water and food security in the Indus
basin. Environment, Development and Sustainability. https://doi.org/10.1007/s10668-023-
03245-6

Suzuki, A. (2021) Rising Importance of Aquaculture in Asia: Current Status, Issues, and
Recommendations. Background Paper for ADB. DOI: https://doi.org/10.16997/srjed.19

The Straits Times (2023) Meet the local farmers growing vegetables in underused spaces to
feed S’pore sustainably. News article 12 January 2023.
https://www.straitstimes.com/singapore/environment/rolex-perpetual-planet-we-the-earth-
urban-farmers-bjorn-low-allan-lim-food-security

Thornton, P., Mensah, C. and Enahoro, D. (2022) Modelling the effects of climate change on
livestock: Towards Identifying the priorities. ILRI Discussion Paper 45. Nairobi, Kenya: ILRI.

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

Wassmann, R.. S. V. K. Jagadish, K. Sumfleth, H. Pathak, G. Howell, A. Ismail, R. Serraj, E.
Redona, R. K. Singh, and S.Heuer (2009). Regional Vulnerability of Climate Change Impacts
on Asian Rice Production and Scope for Adaptation. Advances in Agronomy, 2009, Vol. 102,
Elsevier INC, DOI:10.1016/S0065-2113(09)01003-7.

Wassmann, R., Ngo Dang Phong, Tran Quang Tho, Chu Thai Hoanh, Nguyen Huy Khoi,
Nguyen Xuan Hien, Thi Bach Thuong Vo, To Phuc Tuong (2019) High-resolution mapping of
flood and salinity risks for rice production in the Viet Namese Mekong Delta. Field Crops
Research, Volume 236, Pages 111-120, ISSN 0378-4290.
https://doi.org/10.1016/j.fcr.2019.03.007.

Wiggins, S. (2022) Impacts of War on Food Prices and Food Security in Potentially Vulnerable
Countries. ODI Policy Brief, April 2022.

World Bank (2022a) Philippines Country Climate and Development Report. CCDR Series.
Washington, DC: World Bank.

World Bank (2022b) Viet Nam Country Climate and Development Report. CCDR Series.
Washington, DC: World Bank. http://hdl.handle.net/10986/37618

119

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1038/nclimate2469
https://doi.org/10.1007/s10668-023-03245-6
https://doi.org/10.1007/s10668-023-03245-6
https://doi.org/10.16997/srjed.19
https://www.straitstimes.com/singapore/environment/rolex-perpetual-planet-we-the-earth-urban-farmers-bjorn-low-allan-lim-food-security
https://www.straitstimes.com/singapore/environment/rolex-perpetual-planet-we-the-earth-urban-farmers-bjorn-low-allan-lim-food-security
https://sdgs.un.org/goals
https://doi.org/10.1016/j.fcr.2019.03.007
http://hdl.handle.net/10986/37618

World Bank (2023a) Cambodia Country Climate and Development Report. Washington, D.C.
: World Bank Group. http://documents.worldbank.org/curated/en/099092823045083987/P17
887106c6c2d0e909aa1090f3e10505¢1

World Bank Group (2023b) Indonesia Country Climate and Development Report. CCDR
Series. World Bank, Washington DC. http://hdl.handle.net/10986/39750

World Food Summit (1996) Rome Declaration on World Food Security.
https://www.fao.org/3/w3613e/w3613e00.htm

WWF (2017) A Business Case for Improved Environmental Performance in Southeast Asian
Shrimp Aquaculture. WWF, June 2017. See: https://www.worldwildlife.org/industries/farmed-

shrimp

Yuan, S., Linquist, B.A., Wilson, L.T. et al. (2021) Sustainable intensification for a larger global
rice bowl. Nat Commun 12, 7163 (2021). https://doi.org/10.1038/s41467-021-27424-z

Yuan, S., Stuart, A.M., Laborte, A.G. et al (2022) Southeast Asia must narrow down the yield
gap to continue to be a major rice bowl. Nat Food 3, 217-226 (2022).
https://doi.org/10.1038/s43016-022-00477-z

120

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


http://documents.worldbank.org/curated/en/099092823045083987/P17887106c6c2d0e909aa1090f3e10505c1
http://documents.worldbank.org/curated/en/099092823045083987/P17887106c6c2d0e909aa1090f3e10505c1
http://hdl.handle.net/10986/39750
https://www.fao.org/3/w3613e/w3613e00.htm
https://www.worldwildlife.org/industries/farmed-shrimp
https://www.worldwildlife.org/industries/farmed-shrimp
https://doi.org/10.1038/s41467-021-27424-z
https://doi.org/10.1038/s43016-022-00477-z

Section 3.2 — Water resources and water-dependent services

Alderman, K., Turner, L.R. and Tong, S. (2012) Floods and human health: a systematic review.
Environ. Int. 47:37-47.

Bezner Kerr, R., T. Hasegawa, R. Lasco, |. Bhatt, D. Deryng, A. Farrell, H. Gurney-Smith, H.
Ju, S. Lluch-Cota, F. Meza, G. Nelson, H. Neufeldt, and P. Thornton (2022) Food, Fibre, and
Other Ecosystem Products. In: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.
Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdéller, A. Okem, B. Rama
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 713-906,
doi:10.1017/9781009325844.007 .

Biancalani R, Marinelli M (2021) Assessing SDG indicator 6.4.2 ‘level of water stress’ at major
basins level. UCL Open: Environment. ;(3):05.
https://dx.doi.org/10.14324/111.444/ucloe.000026

Brown, C. and Lall, U. (2006) Water and economic development: The role of variability and a
framework for resilience. Natural Resources Forum, 30: 306-317.
https://doi.org/10.1111/.1477-8947.2006.00118.x

Calder, I.R. and Aylward, B. (2006) Forest and Floods: Moving to an Evidence-based
Approach to Watershed and Integrated Flood Management. Water International, VVolume 31,
Number 1, March 2006

Calow, R.C., Mason, N., Mosello, B. and Ludi, E. (2017) Linking risk with response: options
for climate resilient WASH. Technical Brief for the GWP-UNICEF Strategic Framework for
WASH Climate Resilience. https://www.gwp.org/en/WashClimateResilience/

Calow, R.C., MacDonald, A.M. and Le Seve, M. (2018) The Environmental Dimensions of
Universal Access to Safe Water. Chapter 6 in: Equality in Water and Sanitation Services,
edited by Tom Slaymaker and Oliver Cummings. Earthscan Water, Routledge.
https://doi.org/10.4324/9781315471532

Caretta, M.A., A. Mukherji, M. Arfanuzzaman, R.A. et al Betts, A. Gelfan, Y. Hirabayashi, T.K.
Lissner, J. Liu, E. Lopez Gunn, R. Morgan, S. Mwanga, and S. Supratid (2022) Water. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 551-712,
doi:10.1017/9781009325844.006.

Carrard, Naomi, Tim Foster, and Juliet Willetts (2019) Groundwater as a Source of Drinking
Water in Southeast Asia and the Pacific: A Multi-Country Review of Current Reliance and
Resource Concerns. Water 11, no. 8: 1605. https://doi.org/10.3390/w11081605

Dadson, S.J. et al. (2017) A restatement of the natural science evidence concerning
catchment-based 'natural' flood management in the UK. Proc. R. Soc. A 473: 20160706.
https://dx.doi.org/10.1098/rspa.2016.0706

FAO (2011) AQUASTAT Transboundary River Basins — Mekong River Basin. Food and
Agriculture Organization of the United Nations (FAO). Rome, Italy.

121

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://dx.doi.org/10.14324/111.444/ucloe.000026
https://doi.org/10.1111/j.1477-8947.2006.00118.x
https://www.gwp.org/en/WashClimateResilience/
https://doi.org/10.4324/9781315471532
https://doi.org/10.3390/w11081605
https://dx.doi.org/10.1098/rspa.2016.0706

FAO AQUASTAT (2023) data for . FAO Global Information System on Agriculture and Water,
accessed July 2023. See: https://www.fao.org/aquastat/en/databases/

FAO, UNICEF, WFP and WHO (2023). Asia and the Pacific — Regional Overview of Food
Security and Nutrition 2022. Urban food security and nutrition. Bangkok, FAO.
https://doi.org/10.4060/cc3990en

Giao, N.T., Nhien, H.T.H., Anh, P.K. et al. (2023) Groundwater quality assessment for drinking
purposes: a case study in the Mekong Delta, Viet Nam. Sci Rep 13, 4380,
https://doi.org/10.1038/s41598-023-31621-9

Grey, D. and Sadoff, C. W. (2007) Sink or Swim? Water Security for Growth and Development.
Water Policy 9 (6): 545-571. https://doi.org/10.2166/wp.2007.021

Hamel, P., Tan, L. (2022) Blue—Green Infrastructure for Flood and Water Quality Management
in Southeast Asia: Evidence and Knowledge Gaps. Environmental Management 69, 699-718
https://doi.org/10.1007/s00267-021-01467-w

Hoang, L. P., Lauri, H., Kummu, M., Koponen, J., van Vliet, M. T. H., Supit, |., Leemans, R,,
Kabat, P., and Ludwig, F. (2016) Mekong River flow and hydrological extremes under climate
change, Hydrol. Earth Syst. Sci., 20, 3027-3041, https://doi.org/10.5194/hess-20-3027-2016

Howard, G., Calow, R.C., MacDonald, A.M. and Bartram, J. (2016) Climate Change and Water
and Sanitation: Likely Impacts and Emerging Trends for Action. Annual Review of
Environment and Resources. 41:8.1-8.24.

IPCC (2021) Summary for Policymakers. In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A,
Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T., Yelekg¢i, O., Yu, R. and
Zhou, B. (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA, pp. 3-32, doi:10.1017/9781009157896.001.

IPCC (2022) Summary for Policymakers [H.-O. Pértner, D.C. Roberts, E.S. Poloczanska, K.
Mintenbeck, M. Tignor, A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V. Mdller, A. Okem
(eds.)]. In: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of
Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [H.-O. Pértner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria,
M. Craig, S. Langsdorf, S. Ldschke, V. Mdller, A. Okem, B. Rama (eds.)]. Cambridge
University Press, Cambridge, UK and New York, NY, USA, pp.3-33,
doi:10.1017/9781009325844.001.

Kang, H., Sridhar, V., Mainuddin, M. et al. (2021) Future rice farming threatened by drought
in the Lower Mekong Basin. Sci Rep 11, 9383 https://doi.org/10.1038/s41598-021-88405-2

Khanal, S., Lutz, A. F., Kraaijenbrink, P. D. A, van den Hurk, B., Yao, T., & Immerzeel, W. W.
(2021) Variable 21t century climate change response for rivers in High Mountain Asia at
seasonal to decadal time scales. Water  Resources Research, 57,
https://doi.org/10.1029/2020WR029266

122

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.fao.org/aquastat/en/databases/
https://doi.org/10.4060/cc3990en
https://doi.org/10.1038/s41598-023-31621-9
https://doi.org/10.2166/wp.2007.021
https://doi.org/10.1007/s00267-021-01467-w
https://doi.org/10.5194/hess-20-3027-2016
doi:10.1017/9781009157896.001
https://doi.org/10.1038/s41598-021-88405-2
https://doi.org/10.1029/2020WR029266

Lauri, H., H.de Moel, P.J. Ward, T.A. Rasanen, M. Keskinen, and M. Kummu (2012) Future
changes in Mekong River hydrology: impact of climate change and reservoir operation on
discharge. Hydrol. Earth Syst.Sci., 16, 4603-4619, 2012. www.hydrol-earth-syst-
sci.net/16/4603/2012/ doi:10.5194/hess-16-4603-2012

LMC Water Centre and MRC (2023) Technical report — Phase 1 of the Joint study on the
changing patterns of hydrological conditions of the Lancang-Mekong River Basin and
adaptation strategies. Beijing: LMC Water Centre and Vientiane MRC Secretariat. DOI:
10.52107/mrc.bc3v7s

Milman, A., Bunclark, L., Conway, D. and Adger, W.N. (2013) Assessment of institutional
capacity to adapt to climate change in transboundary river basins. Climatic Change. DOI
10.1007/s10584-013-0917-y

Minderhoud, P.S.J., Coumou, L., Erkens, G. et al. (2019) Mekong delta much lower than
previously assumed in sea-level rise impact assessments. Nat Commun 10, 3847 (2019).
https://doi.org/10.1038/s41467-019-11602-1

Mohammed, I.N., Bolten, J.D., Souter, N.J. et al (2022) Diagnosing challenges and setting
priorities for sustainable water resource management under climate change. Sci Rep 12, 796
(2022). https://doi.org/10.1038/s41598-022-04766-2

Mora, C., et al. (2018): Broad threat to humanity from cumulative climate hazards intensified
by greenhouse gas emissions. Nat. Clim. Change, 8(12), 1062.

MRC (2011) Agriculture and Irrigation Programme (AIP). Programme Document 2011-2015,
11 November 2011. Mekong River Commission.

MRC (2021) The integrated water resources management—based Basin Development
Strategy for the Lower Mekong Basin 2021-2030 and the MRC Strategic Plan 2021-2025.
Vientiane: Mekong River Commission Secretariat.

MRC  (2023) Flood and drought. Mekong River Commission  website:
https://www.mrcmekong.org/our-work/topics/flood-and-drought/

Nesbitt H, Johnston R and Solieng M. (2004) Mekong River water: will river flows meet future
agriculture needs in the Lower Mekong Basin? In ed. Seng V. Crasswell E, Fukai S and
Fischer K. ACIAR Proceeding No.114 Water in Agriculture. Canberra.

Rodella, Aude-Sophie, Esha Zaveri, and Francgois Bertone (2023) The Hidden Wealth of
Nations: The Economics of Groundwater in Times of Climate Change. Washington, DC: World
Bank. License: Creative Commons Attribution CC BY 3.0 IGO

Scanlon, B.R., Fakhreddine, S., Rateb, A. et al. Global water resources and the role of
groundwater in a resilient water future. Nat Rev Earth Environ 4, 87-101 (2023)
https://doi.org/10.1038/s43017-022-00378-6

Seddon, N., Chausson, A., Berry, P., Girardin, C.A.J., Smith, A. and Turner, B. (2020)
Understanding the value and limits of nature-based solutions to climate change and other
global challenges. Phil. Trans. R. Soc. B 375: 20190120.
http://dx.doi.org/10.1098/rstb.2019.0120.

123

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1038/s41467-019-11602-1
https://doi.org/10.1038/s41598-022-04766-2
https://www.mrcmekong.org/our-work/topics/flood-and-drought/
https://doi.org/10.1038/s43017-022-00378-6
http://dx.doi.org/10.1098/rstb.2019.0120

Sekhar, C.S.C. (2018) Climate change and rice economy in Asia: Implications for trade policy.
Rome, FAQ. 62 pp. Licence: CC BY-NC-SA 3.0 IGO.

Shaw, R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, M. Hashizume, G.E. Insarov,
Y. Ishikawa, M. Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, and Z. Zhang (2022) Asia. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.
Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S.
Langsdorf, S. Léschke, V. Mdéller, A. Okem, B. Rama (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 1457-1579, doi:10.1017/9781009325844.012.

Shiao, T., Kammeyer, C., Brill, G., Feinstein, L., Matosich, M., Vigerstol, K. and Muller-Zantop,
C. (2020) Business Case for Nature-Based Solutions: Landscape Assessment. United Nations
Global Compact CEO Water Mandate and Pacific Institute. Oakland, California.

Smaijgl, A., Toan, T., Nhan, D. et al. (2015) Responding to rising sea levels in the Mekong
Delta. Nature Clim Change 5, 167—174. https://doi.org/10.1038/nclimate2469

Tamura, T., Nguyen, V.L., Ta, T.K.O. et al. (2020) Long-term sediment decline causes ongoing
shrinkage of the Mekong megadelta, Viet Nam. Sci Rep 10, 8085.
https://doi.org/10.1038/s41598-020-64630-z

UNICEF and GWP (2022) WASH Climate-Resilient Development: Climate-Resilient
Sanitation in Practice. Technical Brief. Global Water Partnership and the United Nations
Children’s Fund.
https://www.unicef.org/media/131196/file/Technical%20Brief%20Climate%20Resilient%20S
anitation%20in%20Practice.pdf

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

Wang, K., etal. (2021) Understanding the impacts of climate change and socioeconomic
development through food-energy-water nexus: A case study of Mekong River delta. Resour.
Conserv. Recycl., 167, 105390, doi:10.1016/j. resconrec.2020.105390.

Wassmann, R.,, Ngo Dang Phong, Tran Quang Tho, Chu Thai Hoanh, Nguyen Huy Khoi,
Nguyen Xuan Hien, Thi Bach Thuong Vo, To Phuc Tuong (2019) High-resolution mapping of
flood and salinity risks for rice production in the Viet Namese Mekong Delta. Field Crops
Research, Volume 236, 2019, Pages 111-120, ISSN 0378-4290.
https://doi.org/10.1016/j.fcr.2019.03.007.

World Bank (2022) Lao People’s Democratic Republic Systematic Country Diagnostic: 2021
Update. Washington, DC: World Bank.

World Bank (2023) Cambodia Country Climate and Development Report. Washington, D.C.
: World Bank Group. http://documents.worldbank.org/curated/en/099092823045083987/P17
887106c6c2d0e909aa1090f3e10505¢1

World Bank Group (2022) Philippines Country Climate and Development Report. CCDR
Series; World Bank, Washington, DC. http://hdl.handle.net/10986/38280

124

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1038/nclimate2469
https://doi.org/10.1038/s41598-020-64630-z
https://www.unicef.org/media/131196/file/Technical%20Brief%20Climate%20Resilient%20Sanitation%20in%20Practice.pdf
https://www.unicef.org/media/131196/file/Technical%20Brief%20Climate%20Resilient%20Sanitation%20in%20Practice.pdf
https://sdgs.un.org/goals
https://doi.org/10.1016/j.fcr.2019.03.007
http://documents.worldbank.org/curated/en/099092823045083987/P17887106c6c2d0e909aa1090f3e10505c1
http://documents.worldbank.org/curated/en/099092823045083987/P17887106c6c2d0e909aa1090f3e10505c1
http://hdl.handle.net/10986/38280

World Bank Group (2023) Indonesia Country Climate and Development Report. CCDR Series.
World Bank, Washington DC. https://openknowledge.worldbank.org/handle/10986/39750

Yun, X., Qiuhong Tang, Jie Wang, Xingcai Liu, Yongqiang Zhang, Hui Lu, Yueling Wang, Lu
Zhang, Deliang Chen (2020) Impacts of climate change and reservoir operation on streamflow
and flood characteristics in the Lancang-Mekong River Basin. Journal of Hydrology, Volume
590, 2020, 125472. https://doi.org/10.1016/j.jhydrol.2020.125472.

Zeitoun, M. and Warner, J. (2006) Hydro-Hegemony- a Framework for Analysis of Trans-
Boundary Water Conflicts. Water Policy, 8(5). DOI: 10.2166/wp.2006.054

Zhang, B., Li, Y., Zhang, C. et al. (2023) Dual water-electricity cooperation improves economic
benefits and water equality in the Lancang-Mekong River Basin. Nat Commun 14, 6228
https://doi.org/10.1038/s41467-023-42009-8

125

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://openknowledge.worldbank.org/handle/10986/39750
https://doi.org/10.1016/j.jhydrol.2020.125472
https://doi.org/10.1038/s41467-023-42009-8

Section 3.3 — Health

Alderman, K., Turner, L.R. and Tong, S. (2012) Floods and human health: a systematic review.
Environ. Int. 47:37-47.

Carlton, E.J., Woster, A.P., DeWitt, P., Goldstein, R.S., Levy, K. (2016) ‘A systematic review
and meta-analysis of ambient temperature and diarrhoeal diseases’ Int J Epidemiol 45(1):
117-30

Cheong, K., Nicholas Jinghao Ngiam, Geoffrey G. Morgan, Pin Pin Pek, Benjamin Yong-Qiang
Tan, Joel Weijia Lai, Jin Ming Koh, Marcus Eng Hock Ong and Andrew Fu Wa Ho (2019) Int.
J. Environ. Res. Public Health 2019, 16, 3286; doi:10.3390/ijerph16183286

Cissé, G., R. McLeman, H. Adams, P. Aldunce, K. Bowen, D. Campbell-Lendrum, S. Clayton,
K.L. Ebi, J. Hess, C. Huang, Q. Liu, G. McGregor, J. Semenza, and M.C. Tirado (2022):
Health, Wellbeing, and the Changing Structure of Communities. In: Climate Change 2022:
Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [H.-O. Pértner, D.C.
Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S.
Ldschke, V. Mdller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK
and New York, NY, USA, pp. 1041-1170, doi:10.1017/9781009325844.009

Di Napoli, C., McGushin, A., Romanello, M. et al. (2022) Tracking the impacts of climate
change on human health via indicators: lessons from the Lancet Countdown. BMC Public
Health 22, 663. https://doi.org/10.1186/s12889-022-13055-6

Faurie C, Varghese BM, Liu J, Bi P. (2022) Association between high temperature and
heatwaves with heat-related illnesses: A systematic review and meta-analysis. Sci Total
Environ. Dec 15;852:158332. doi: 10.1016/j.scitotenv.2022.158332. Epub 2022 Aug 27.
PMID: 36041616.

Howard, G., Calow, R.C., MacDonald, A.M. and Bartram, J. (2016) Climate Change and Water
and Sanitation: Likely Impacts and Emerging Trends for Action. Annual Review of
Environment and Resources. 41:8.1-8.24.

IHME-GBD (2019) Global Burden of Disease (GBD) Study 2019. Institute for Health Metrics
and Evaluation/The Lancet. See: https://www.healthdata.org/research-analysis/gbd

Im, E. S., Pal, J. S., & Eltahir, E. A. B. (2017) Deadly heat waves projected in the densely
populated agricultural regions of South Asia. Science Advances, 3(8), 1-8. URL:
https://advances.sciencemag.org/content/3/8/e1603322

IPCC (2021) Climate Change 2021: The Physical Science Basis. Contribution of Working
Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
[Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen,
L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T.
Waterfield, O. Yelek¢i, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA, In press, doi:10.1017/9781009157896

Jafino, B.A., Walsh, B., Rozenberg, J. and Hallegatte, S. (2020) Revised Estimates of the
Impact of Climate Change on Extreme Poverty by 2030. Policy Research Working Paper 9417,
World Bank Group.

126

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1186/s12889-022-13055-6
https://www.healthdata.org/research-analysis/gbd
https://advances.sciencemag.org/content/3/8/e1603322

Jones, B., Tebaldi, C., O'Neill, B.C. et al. (2018) Avoiding population exposure to heat-related
extremes: demographic change vs climate change. Climatic Change 146, 423-437 (2018).
https://doi.org/10.1007/s10584-017-2133-7

Kim, Ella Jisun; Henry, Grace; Jain, Monica (2023) Urban Heat in South Asia: Integrating
People and Place in Adapting to Rising Temperatures. © World Bank, Washington DC.
http://hdl.handle.net/10986/39749

Lieber, M., Peter Chin-Hong, Knox Kelly, Madhavi Dandu & Sheri D. Weiser (2022) A
systematic review and meta-analysis assessing the impact of droughts, flooding, and climate
variability on malnutrition, Global Public Health, 17:1, 68-82, DOI:
10.1080/17441692.2020.1860247

Meade, R.D; Notley, S.R., Kirby, N.V. and Kenny, G.P. (2024) A critical review of the
effectiveness of electric fans as a personal cooling intervention in hot weather and heatwaves.
THE LANCET Planetary Health, Vol. 8, Issue 4. doi:https://doi.org/10.1016/S2542-
5196(24)00030-5

Nijhawan, A. and Howard, G. (2022) Associations between climate variables and water quality
in low- and middle-income countries: A scoping review. Water Res. 2022 Feb 15;210:117996.
doi: 10.1016/j.watres.2021.117996. Epub 2021 Dec 21. PMID: 34959067 .

Phalkey, R.K., Aranda-Jan, C., Marx, S., Hofle, B. and Sauerborn, R. (2015) Systematic
review of current efforts to quantify the impacts of climate change on undernutrition. PNAS
E4522-E4529. www.pnas.org/cgi/doi/10.1073/pnas.1409769112

Pruss-Ustun, A., Wolf, J., Bartram, J., Clasen, T., Cumming, O., Freeman, M.C., Gordon, B.,
Hunter, P.R., Medicott, K. and Johnston, R. (2019) Burden of disease from inadequate water,
sanitation and hygiene for selected adverse health outcomes: An updated analysis with a
focus on low-and middle-income countries. International Journal of Hygiene and
Environmental Health. https://doi.org/10.1016/j.ijeh.2019.05.004

Rekha, S., Nalini, S.J., Bhuvana, S., Kanmani, S., Hirst, J.E. and Venugopal, V. (2014) Heat
stress and adverse pregnancy outcome: Prospective cohort study. BJOG. 2024
Apr;131(5):612-622. doi: 10.1111/1471-0528.17680. Epub 2023 Oct 9. PMID: 37814395.

Rocque RJ, Beaudoin C, Ndjaboue R, Cameron L, Poirier-Bergeron L, Poulin-Rheault RA,
Fallon C, Tricco AC, Witteman HO. (2021) Health effects of climate change: an overview of
systematic reviews. BMJ Open. 2021 Jun 9;11(6):e046333. doi: 10.1136/bmjopen-2020-
046333. PMID: 34108165; PMCID: PMC8191619.

Sarkar, S., Gangare, V., Singh, P. and Dhiman, R.C. (2019) Shift in Potential Malaria
Transmission Areas in India, Using the Fuzzy-Based Climate Suitability Malaria Transmission
(FCSMT) Model under Changing Climatic Conditions. International Journal of Environmental
Research and Public Health 2019, 16, 3474; doi: 10.3390/ijerph16183474

SCF (2023) Dengue outbreaks threaten children across Asia as extreme weather spurs
mosquitos. News and Press Release, SCF, 23 July 2023. See:
https://reliefweb.int/report/world/dengue-outbreaks-threaten-children-across-asia-extreme-
weather-spurs-mosquitos

127

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1007/s10584-017-2133-7
http://hdl.handle.net/10986/39749
http://www.pnas.org/cgi/doi/10.1073/pnas.1409769112
https://doi.org/10.1016/j.ijeh.2019.05.004
https://reliefweb.int/report/world/dengue-outbreaks-threaten-children-across-asia-extreme-weather-spurs-mosquitos
https://reliefweb.int/report/world/dengue-outbreaks-threaten-children-across-asia-extreme-weather-spurs-mosquitos

SDC (2022) Chilling Prospects: Tracking Sustainable Cooling for All. See:
https://www.seforall.org/our-work/research-analysis/chilling-prospects-series

Shaw, R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, M. Hashizume, G.E. Insarov,
Y. Ishikawa, M. Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, and Z. Zhang (2022): Asia. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.
Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S.
Langsdorf, S. Léschke, V. Mdéller, A. Okem, B. Rama (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 1457-1579, doi:10.1017/9781009325844.012.

Shi, W., Qinghua Sun, Peng Du, Song Tang, Chen Chen, Zhiying Sun, Jiaonan Wang,
Tiantian Li, and Xiaoming Shi (2020) Modification Effects of Temperature on the Ozone-
Mortality Relationship: A Nationwide Multicounty Study in China. Environmental Science &
Technology 2020 54 (5), 2859-2868. DOI: 10.1021/acs.est.9b05978

Silva, R.A., West, J.J., Lamarque, J.F. et al (2017) Future global mortality from changes in air
pollution attributable to climate change. Nat Clim Chang. 2017 Sep;7(9):647-651. doi:
10.1038/nclimate3354. Epub 2017 Jul 31. PMID: 30245745; PMCID: PMC6150471.

Tasgaonkar, P., Zade, D., Ehsan, S., Gorti, G., Mamnun, N., Siderius, C. and Singh, T. (2022)
Indoor heat measurement data from low-income households in rural and urban South Asia.
Sci Data 9, 285. https://doi.org/10.1038/s41597-022-01314-5

Thirumalai K, DiNezio PN, Okumura Y, Deser C (2017) Extreme temperatures in Southeast
Asia caused by EI Nifo and worsened by global warming. Nat Commun. 2017 Jun 6;8:15531.
doi: 10.1038/ncomms15531. PMID: 28585927; PMCID: PMC5467164.

Tong, Q.X. (2023) Achieving a haze-free future in Southeast Asia: The case of third-sector
organisations in Malaysia. LSE blog: https://blogs.Ise.ac.uk/seac/2023/01/12/achieving-a-
haze-free-future-in-southeast-asia-the-case-of-third-sector-organisations-in-
malaysia/#:~:text=Transboundary%20Haze%20Pollution%20is%20Southeast,Indonesia%20
and%20parts%200f%20Malaysia

UNICEF/WHO/World Bank Group (2023) Levels and trends in child malnutrition, 2023 edition.
https://data.unicef.org/resources/jme-report-2023/

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

Vacellio, D., Kong, Q., Kenney, W.L. and Huber, M. (2023) Greatly enhanced risk to humans
as a consequence of empirically determined lower moist heat stress tolerance. PNAS Vol 120,
No 42. https://doi.org/10.1073/pnas.2305427120

WFP and FAO (2023) Hunger Hotspots. FAO-WFP early warnings on acute food insecurity,
June 2023 to November 2023 outlook. Rome. https://doi.org/10.4060/cc6206en

WHO (2014) Quantitative Risk Assessment of the effects of Climate Change on Selected
Causes of Death, 2030s and 2050s. Geneva: World Health Organisation.

WHO (2015) Strategy for Malaria Elimination in the Greater Mekong Subregion (2015-2030).
Geneva: World Health Organisation.

128

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.seforall.org/our-work/research-analysis/chilling-prospects-series
https://doi.org/10.1038/s41597-022-01314-5
https://blogs.lse.ac.uk/seac/2023/01/12/achieving-a-haze-free-future-in-southeast-asia-the-case-of-third-sector-organisations-in-malaysia/#:~:text=Transboundary%20Haze%20Pollution%20is%20Southeast,Indonesia%20and%20parts%20of%20Malaysia
https://blogs.lse.ac.uk/seac/2023/01/12/achieving-a-haze-free-future-in-southeast-asia-the-case-of-third-sector-organisations-in-malaysia/#:~:text=Transboundary%20Haze%20Pollution%20is%20Southeast,Indonesia%20and%20parts%20of%20Malaysia
https://blogs.lse.ac.uk/seac/2023/01/12/achieving-a-haze-free-future-in-southeast-asia-the-case-of-third-sector-organisations-in-malaysia/#:~:text=Transboundary%20Haze%20Pollution%20is%20Southeast,Indonesia%20and%20parts%20of%20Malaysia
https://blogs.lse.ac.uk/seac/2023/01/12/achieving-a-haze-free-future-in-southeast-asia-the-case-of-third-sector-organisations-in-malaysia/#:~:text=Transboundary%20Haze%20Pollution%20is%20Southeast,Indonesia%20and%20parts%20of%20Malaysia
https://data.unicef.org/resources/jme-report-2023/
https://sdgs.un.org/goals
https://doi.org/10.1073/pnas.2305427120
https://doi.org/10.4060/cc6206en

WHO (2017) Diarrhoeal disease: key facts. World Health Organisation Fact Sheet, May 2017.
Geneva: World Health Organisation. https://www.who.int/news-room/fact-
sheets/detail/diarrhoeal-disease

WHO (2019a) Domestic general government health expenditure (% of GDP) 2019 data. WHO
via World Bank, processed by Our World in Data. https://ourworldindata.org/financing-
healthcare#public-spending-on-health

WHO (2019b) Out-of-pocket expenditure (% of current health expenditure) 2019 data. WHO
via World Bank, processed by Our World in Data. https://ourworldindata.org/financing-
healthcare#how-important-are-out-of-pocket-expenditures-around-the-world

WHO (2022) World Malaria Report 2022. Geneva: World Health Organisation.

World Bank (2017) Improving Service Levels and Impact on the Poor: A Diagnostic of Water
Supply, Sanitation, Hygiene, and Poverty in Indonesia. WASH Poverty Diagnostic. World
Bank, Washington, DC.

World Bank (2019) Coverage of social protection and labour programmes (% population),
2019 data from World Bank, processed by Our World in Data.

World Bank (2021) Climate Risk Profile: Cambodia. The World Bank Group and Asian
Development Bank.

129

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://ourworldindata.org/financing-healthcare#public-spending-on-health
https://ourworldindata.org/financing-healthcare#public-spending-on-health
https://ourworldindata.org/financing-healthcare#how-important-are-out-of-pocket-expenditures-around-the-world
https://ourworldindata.org/financing-healthcare#how-important-are-out-of-pocket-expenditures-around-the-world

Section 3.4 - Infrastructure

ADB and World Bank Group (2021a) Climate Risk Country Profile: Vietnam (2021): The World
Bank Group and the Asian Development Bank

ADB and World Bank Group (2021b) Climate Risk Country Profile: Indonesia (2021b): The
World Bank Group and Asian Development Bank.

Ahmed, K., Philips, B. R., Pillai, P., Shyamsundar, P., and Wang, L. (2010) Climate risks and
adaptation in Asian coastal megacities: a synthesis report. Disclosure. World Bank.
http://documentsi.worldbank.org/curated/en/866821468339644916/pdf/571100WPOREPLA
1egacities01019110web.pdf

ASEAN (2022) Sustainable Urbanisation Report 2022: Sustainable Cities Towards 2025 and
Beyond. ASEAN Secretariat, December 2022. htips://asean.org/book/asean-sustainable-
urbanisation-report/

Barnes, L. (2020) Rising sea levels put Southeast Asia’s coastal cities at risk. Asia Property
Awards. Accessed on 15 August 2023. https://www.asiapropertyawards.com/en/rising-sea-
levels-puts-southeast-asias-coastal-cities-at-risk/

Boas, I., Farbotko, C., Adams, H. et al (2019) Climate migration myths. Nat. Clim. Chang. 9,
901-903 (2019). https://doi.org/10.1038/s41558-019-0633-3

Caretta, M.A., A. Mukherji, M. Arfanuzzaman, R.A. et al Betts, A. Gelfan, Y. Hirabayashi, T.K.
Lissner, J. Liu, E. Lopez Gunn, R. Morgan, S. Mwanga, and S. Supratid (2022) Water. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 551-712,
doi:10.1017/9781009325844.006.

Clement, V., Rigaud, K. K., De Sherbinin, A., Jones, B., Adamo, S., Schewe, J., and Shabahat,
E. (2021) Groundswell part 2: Acting on internal climate migration. World Bank.

CRED-EM-DAT (2023) Em-dat: international disaster database. Centre for Research on the
Epidemiology of Disasters, Universidad Catdlic a de Lovaina, Bruselas. https://www.emdat.be/

Dawson, R. J. (2015) Handling interdependencies in climate change risk
assessment. Climate, 3(4), 1079-1096. https://doi.org/10.3390/cli3041079

Dawson, R. J., Thompson, D., Johns, D., Wood, R., Darch, G., Chapman, L., ... and Hall, J.
W. (2018) A systems framework for national assessment of climate risks to
infrastructure. Philosophical Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, 376(2121), 20170298. https://doi.org/10.1098/rsta.2017.0298

Dodman, D., B. Hayward, M. Pelling, V. Castan Broto, W. Chow, E. Chu, R. Dawson, L.
Khirfan, T. McPhearson, A. Prakash, Y. Zheng, and G. Ziervogel (2022) Cities, Settlements
and Key Infrastructure. In: Climate Change (2022). Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.

130

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


http://documents1.worldbank.org/curated/en/866821468339644916/pdf/571100WP0REPLA1egacities01019110web.pdf
http://documents1.worldbank.org/curated/en/866821468339644916/pdf/571100WP0REPLA1egacities01019110web.pdf
https://asean.org/book/asean-sustainable-urbanisation-report/
https://asean.org/book/asean-sustainable-urbanisation-report/
https://www.asiapropertyawards.com/en/rising-sea-levels-puts-southeast-asias-coastal-cities-at-risk/
https://www.asiapropertyawards.com/en/rising-sea-levels-puts-southeast-asias-coastal-cities-at-risk/
https://www.emdat.be/
https://doi.org/10.3390/cli3041079
https://doi.org/10.1098/rsta.2017.0298

Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V. Moller, A. Okem, B. Rama
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 907-1040,
doi:10.1017/9781009325844.008.

ESCAP (2020) Asia and the Pacific SDG Progress Report. Bangkok: United Nations Economic
and Social Commission for Asia and the Pacific. https://www.unescap.org/publications/asia-
and-pacific-sdg-progress-report-2020

FAO, UNICEF, WFP and WHO (2023). Asia and the Pacific — Regional Overview of Food
Security and Nutrition 2022. Urban food security and nutrition. Bangkok, FAO.
https://doi.org/10.4060/cc3990en

Fiddian-Qasmiyeh, E. (2019) Looking forward: Disasters at 40. Disasters, 43: S36-S60.
https://doi.org/10.1111/disa.12327

Gemenne, F. (2011) Why the numbers don’t add up: A review of estimates and predictions of
people displaced by environmental changes. Global Environmental Change, Volume 21,
Supplement 1, 2011, ppS41-S49. https://doi.org/10.1016/j.gloenvcha.2011.09.005.

GoM (2015) Post Disaster Needs Assessment: Myanmar Floods 2015. Government of
Myanmar.

GoP (2014) Post Disaster Needs Assessment: Typhoon Yolanda 2013. Government of
Philippines.

Hallegatte, S. (2016) Shock waves: managing the impacts of climate change on poverty.
World Bank Publications.

Hallegatte, S., Vogt-Schilb, A., Bangalore, M., and Rozenberg, J. (2017) Unbreakable:
Building the Resilience of the Poor in the Face of Natural Disasters. Climate Change and
Development. Washington, DC: World Bank.

Hallegatte, S., Rentschler, J. and Rozenberg, J. (2019) Lifelines: The Resilient Infrastructure
Opportunity.  Sustainable Infrastructure Series. Washington DC: World Bank.
https://openknowledge.worldbank.org/handle/10986/31805

He, Y., Rentschler, J., Avner, P., Gao, J., Yue, X., and Radke, J. (2022) Mobility and
Resilience: A Global Assessment of Flood Impacts on Road Transportation Networks. World
Bank Policy Research Working Paper 10049. Washington DC: World Bank.
http://hdl.handle.net/10986/37452

Hulme, M., O’'Neil, S.J. and Dessai, S. (2011) Is weather event attribution necessary for
adaptation funding? Science, 334, 764-765. https://doi.org/10.1126/science.1211740

IPCC (2021) Summary for Policymakers. In: Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A,
Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T., Yelekgi, O., Yu, R. and

131

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.unescap.org/publications/asia-and-pacific-sdg-progress-report-2020
https://www.unescap.org/publications/asia-and-pacific-sdg-progress-report-2020
https://doi.org/10.4060/cc3990en
https://doi.org/10.1111/disa.12327
https://doi.org/10.1016/j.gloenvcha.2011.09.005
https://openknowledge.worldbank.org/handle/10986/31805
http://hdl.handle.net/10986/37452

Zhou, B. (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA, pp. 3-32, doi:10.1017/9781009157896.001.

IPCC (2022) Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of
Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [H.-O. Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria,
M. Craig, S. Langsdorf, S. Ldschke, V. Mdller, A. Okem, B. Rama (eds.)]. Cambridge
University Press. Cambridge University Press, Cambridge, UK and New York, NY, USA, 3056
pp., doi:10.1017/9781009325844.

Koks, E.E., Rozenberg, J., Zorn, C. et al. (2019) A global multi-hazard risk analysis of road
and railway infrastructure assets. Nat Commun 10, 2677 https://doi.org/10.1038/s41467-019-
10442-3

Lahsen, M. and Ribot, J. (2021) Politics of attributing extreme events and disasters to climate
change. WIREs Climate Change, Vol 13, Issue 1. https://doi.org/10.1002/wcc.750

Miller, D.S. (2017) ‘Climate Refugees and the Human Cost of Global Climate Change’,
Environmental Justice, 10(4), pp. 89-92. Available at:
https://doi.org/10.1089/env.2017.29027.dm.

Schwerdtle, N., Patricia, Julia Stockemer, Kathryn J. Bowen, Rainer Sauerborn, Celia
McMichael, and Ina Danquah. (2020) A Meta-Synthesis of Policy Recommendations
Regarding Human Mobility in the Context of Climate Change. International Journal of
Environmental Research and Public Health 17, no. 24: 9342.
https://doi.org/10.3390/ijerph17249342

Sven N. Willner et al. (2018) Adaptation required to preserve future high-end river flood risk at
present levels. Sci. Adv.4,eaa01914(2018).DOI:10.1126/sciadv.aao1914

OECD (2018) Climate Resilient Infrastructure. OECD Environment POLICY Paper No. 14.
Paris: OECD.

Oh, J. E., Espinet Alegre, X., Pant, R., Koks, E. E., Russell, T., Schoenmakers, R., and Hall,
J. W. (2019) Addressing Climate Change in Transport: Volume 2: Pathways to Resilient
Transport. World Bank Group. http://hdl.handle.net/10986/32412

Panwar, V., and Sen, S. (2019) Economic impact of natural disasters: An empirical re-
examination. Margin: The Journal of Applied Economic Research, 13(1), 109-139.
https://doi.org/10.1177/0973801018800087

Peterson, T. C., Stott, P. A., and Herring, S. (2012) Explaining extreme events of 2011 from a
climate perspective. Bulletin of the American Meteorological Society, 93(7), 1041-1067.
https://doi.org/10.1175/BAMS-D-12-00021.1

Rentschler, J. and Salhab, M. (2020) People in Harm’s Way: Flood Exposure and Poverty in
189 Countries. Policy Research Working Paper 9447, World Bank Group, October 2020.
https://openknowledge.worldbank.org/entities/publication/04ad161e-7144-5984-8b85-
91710f2900b4

132

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


doi:10.1017/9781009157896.001
https://doi.org/10.1038/s41467-019-10442-3
https://doi.org/10.1038/s41467-019-10442-3
https://doi.org/10.1002/wcc.750
https://doi.org/10.1089/env.2017.29027.dm
https://doi.org/10.3390/ijerph17249342
http://hdl.handle.net/10986/32412
https://doi.org/10.1177/0973801018800087
https://doi.org/10.1175/BAMS-D-12-00021.1
https://openknowledge.worldbank.org/entities/publication/04ad161e-7144-5984-8b85-91710f2900b4
https://openknowledge.worldbank.org/entities/publication/04ad161e-7144-5984-8b85-91710f2900b4

Sandhu, H. S., and Raja, S. (2019) No Broken Link: The Vulnerability of Telecommunication
Infrastructure to Natural Hazards. Washington D.C.: World Bank.

Selby J, Daoust G (2021) Rapid evidence assessment on the impacts of climate change on
migration patterns. London: Foreign, Commonwealth and Development Office.

Singh, G., and Gadgil, G. (2017) Navigating informality: Perils and prospects in Metro Manila’'s
slums. International Bank for Reconstruction and Development/The World Bank: Washington
D.C.: World Bank. https://pubdocs.worldbank.org/en/564861506978931790/Navigating-
Informality-Metro-Manila-7-26-17web.pdf

Tasri, E. S., Karimi, K., and Muslim, I. (2022) The effect of economic variables on natural
disasters and the impact of disasters on economic variables. Heliyon, 8(1).
https://doi.org/10.1016/j.heliyon.2021.e08678

Tay, C., Lindsey, E. O., Chin, S. T., McCaughey, J. W., Bekaert, D., Nguyen, M., ... and Hill,
E. M. (2022) Sea-level rise from land subsidence in major coastal cities. Nature
Sustainability, 5(12), 1049-1057. https://doi.org/10.1038/s41893-022-00947-z

Thacker, S., Pant, R., and Hall, J. W. (2017) System-of-systems formulation and disruption
analysis for multi-scale critical national infrastructures. Reliability Engineering and System
Safety, 167, 30-41. https://doi.org/10.1016/j.ress.2017.04.023

UN-HABITAT (2020) Housing, slums and informal settlements, Accessed January 2024,
https://data.unhabitat.org/pages/housing-slums-and-informal-settiements

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

Verschuur, J., Koks, E. E., Li, S., and Hall, J. W. (2023) Multi-hazard risk to global port
infrastructure and resulting trade and logistics losses. Communications Earth and
Environment, 4(1), 5. https://doi.org/10.1038/s43247-022-00656-7

Winsemius HC, Jongman B, Veldkamp TIE, Hallegatte S, Bangalore M, Ward PJ. (2018)
Disaster risk, climate change, and poverty: assessing the global exposure of poor people to
floods and droughts. Environment and Development Economics. 2018;23(3):328-348.
doi:10.1017/S1355770X17000444

World Bank (2018) 2017 Viet Nam Post-Typhoon Damrey Rapid Damage and Needs
Assessment. World Bank and GFDRR.

World Bank (2012) Thai Floods 2011: Rapid Assessment for Resilient Recovery and
Reconstruction Planning. World Bank and GFDRR.

World Bank (2020a) Demographic Trends and Urbanisation. Washington D.C.: World Bank.
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-
Trends-and-Urbanization.pdf

133

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://pubdocs.worldbank.org/en/564861506978931790/Navigating-Informality-Metro-Manila-7-26-17web.pdf
https://pubdocs.worldbank.org/en/564861506978931790/Navigating-Informality-Metro-Manila-7-26-17web.pdf
https://doi.org/10.1016/j.heliyon.2021.e08678
https://doi.org/10.1038/s41893-022-00947-z
https://doi.org/10.1016/j.ress.2017.04.023
https://data.unhabitat.org/pages/housing-slums-and-informal-settlements
https://sdgs.un.org/goals
https://doi.org/10.1038/s43247-022-00656-7
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf
https://documents1.worldbank.org/curated/en/260581617988607640/pdf/Demographic-Trends-and-Urbanization.pdf

World Bank Group (2022) Viet Nam Country Climate and Development Report. World Bank,
CCDR Series, July 2022. https://hdl.handle.net/10986/37618

134

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office



Section 3.5 — Energy

ADB (2022) ‘ADB-supported National Solar Park in Cambodia Connects to Grid’. News
Release, 15 November (www.adb.org/news/adb-supported-national-solar-park-cambodia-

connects-grid).

ADB (2023a) Asian Development Outlook (ADO) July 2023: Robust Growth with Moderating
Inflation. ADB: Manila.

ADB (2023b) ‘Cambodia: Grid Reinforcement Project’. Project webpage. ADB: Manila.

ADB (2023c) ‘Lao People's Democratic Republic: Greater Mekong Subregion Northern Power
Transmission Project’. Project webpage. ADB: Manila.

ADB (2023d) ‘Indonesia: Sustainable Energy Access in Eastern Indonesia-Electricity Grid
Development Program’. Project webpage. ADB: Manila.

ASEAN Centre for Energy (2017) “What is the Status of Energy Infrastructure in ASEAN
Power Sector?”. ASEAN Centre for Energy Blog, 7 March. ASEAN Centre for Energy: Jakarta.

Bartos, M. et al. (2016) Impacts of rising air temperatures on electric transmission ampacity
and peak electricity load in the United States. Environ. Res. Lett.

Buckley, L, Wang, H, Zhou, X and Norton, A (2022) What drives safeguarding for China’s
hydropower projects in LDCs? IIED, London. http://pubs.iied.org/20721iied

Burillo, D., Chester, M., Pincetl, S. and Fournier, E. (2018) ‘Electricity infrastructure
vulnerabilities due to long-term growth and extreme heat from climate change in Los Angeles
County’ Energy Policy 128: 943-953 (https://doi.org/10.1016/j.enpol.2018.12.053).

Christina, B. and Da Costa, A.B. (2019) “Indonesia president bashes state power company
over blackouts”. Reuters, 5 August (www.reuters.com/article/us-indonesia-power-
idUSKCN1UV0BQ).

Colelli, F.P., Wing, |.S. & Cian, E.D (2023) Air-conditioning adoption and electricity demand
highlight climate change mitigation—adaptation trade-offs. Sci Rep 13, 4413 (2023).
https://doi.org/10.1038/s41598-023-31469-z

Cook, M., King, C., Davidson, F. and Webber, M. (2015) ‘Assessing the impacts of droughts
and heat waves at thermoelectric power plants in the United States using integrated
regression, thermodynamic, and climate models’ Energy Reports 1: 193-203.

Dodman, D., B. Hayward, M. Pelling, V. Castan Broto, W. Chow, E. Chu, R. Dawson, L.
Khirfan, T. McPhearson, A. Prakash, Y. Zheng, and G. Ziervogel, (2022) Cities, Settlements
and Key Infrastructure. In: Climate Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [H.-O. Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.
Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V. Mdller, A. Okem, B. Rama
(eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 907-1040,
doi:10.1017/9781009325844.008.

Duffy, Patrick, Gabriel R. Zuckerman, Travis Williams, Alicia Key, Luis A. Martinez- Tossas,
Owen Roberts, Nina Choquette, Jaemo Yang, Haiku Sky, and Nate Blair. (2022) Wind Energy

135

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


http://www.adb.org/news/adb-supported-national-solar-park-cambodia-connects-grid
http://www.adb.org/news/adb-supported-national-solar-park-cambodia-connects-grid
http://www.reuters.com/article/us-indonesia-power-idUSKCN1UV0BQ
http://www.reuters.com/article/us-indonesia-power-idUSKCN1UV0BQ

Costs in Puerto Rico Through 2035. Golden, CO: National Renewable Energy Laboratory.
NREL/TP-5000-83434. https://www.nrel.gov/docs/fy220sti/83434.pdf.

Elsworth, J., and O. Van Geet (2020) Solar photovoltaics in severe weather: Cost
considerations for storm hardening pv systems for resilience. NREL/TP-7A40-75804. Golden:
National Renewable Energy Laboratory

Ember - Yearly Electricity Data (2023); Ember - European Electricity Review (2022); Energy
Institute - Statistical Review of World Energy (2023) — with major processing by Our World in
Data. “Share of electricity generated by hydropower” [dataset]. Ember, “Yearly Electricity
Data”; Ember, “European Electricity Review”; Energy Institute, “Statistical Review of World
Energy” [original data]. Retrieved February 19, 2024, from
https://ourworldindata.org/grapher/share-electricity-hydro

Ember - European Electricity Review (2022) https://ember-
climate.org/insights/research/european-electricity-review-2024/

Ember — Yearly Electricity Data (2023) https://ember-climate.org/

Energy Institute — Statistical Review of World Energy (2023). Processed by Our World In Data.
Retrived April 2024.https://ourworldindata.org/grapher/share-electricity-renewables

ESMAP (2019) Going Global: Expanding Offshore Wind to Emerging Markets. Washington,
DC: World Bank.

Feron, S., Cordero, R.R., Damiani, A. and Jackson, R.B. (2021) Climate change extremes and
photovoltaic power output. Nature Sustainability 4, 270-276 (2021).
https://doi.org/10.1038/s41893-020-0064 3-w

Gallagher Re (2023) Gallagher Re Natural Catastrophe Report of 2022. Expert analysis and
insurance implications. (www.ajg.com/gallagherre/-
/media/files/gallagher/qgallagherre/gallagher-re-nat-cat-review-2022.pdf).

Hallegatte, S., Rentschler, J. and Rozenberg, J. (2019). Lifelines: The Resilient Infrastructure
Opportunity.  Sustainable Infrastructure Series. Washington DC: World Bank.
https://openknowledge.worldbank.org/handle/10986/31805

Hamilton, Z. and Aranda, C. (2022) Typhoon Rai Response: The role of the mobile industry.
GSMA (www.gsma.com/mobilefordevelopment/wp-content/uploads/2022/03/Typhoon-Rai-
Response Final.pdf).

Handayani, K., Filatova, T. and Krozer, Y. (2019) The Vulnerability of the Power Sector to
Climate Variability and Change: Evidence from Indonesia. Energies 12 3640.
http://dx.doi.org/10.3390/en12193640

IEA (2018) The Future of Cooling. IEA, Paris. https://www.iea.org/reports/the-future-of-cooling

IEA (2019) The Future of cooling in Southeast Asia. |EA, Paris (www.iea.org/reports/the-
future-of-cooling-in-southeast-asia).

IEA (2020) Power Systems in Transition, |IEA, Paris (www.iea.org/reports/power-systems-in-
transition).

136

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.nrel.gov/docs/fy22osti/83434.pdf
https://ourworldindata.org/grapher/share-electricity-hydro
https://doi.org/10.1038/s41893-020-00643-w
http://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/gallagher-re-nat-cat-review-2022.pdf
http://www.ajg.com/gallagherre/-/media/files/gallagher/gallagherre/gallagher-re-nat-cat-review-2022.pdf
https://openknowledge.worldbank.org/handle/10986/31805
http://www.gsma.com/mobilefordevelopment/wp-content/uploads/2022/03/Typhoon-Rai-Response_Final.pdf
http://www.gsma.com/mobilefordevelopment/wp-content/uploads/2022/03/Typhoon-Rai-Response_Final.pdf
http://dx.doi.org/10.3390/en12193640
https://www.iea.org/reports/the-future-of-cooling
http://www.iea.org/reports/the-future-of-cooling-in-southeast-asia
http://www.iea.org/reports/the-future-of-cooling-in-southeast-asia

IEA (2021) Climate Impacts on South and Southeast Asian Hydropower. |IEA, Paris
(www.iea.org/reports/climate-impacts-on-south-and-southeast-asian-hydropower).

IEA (2022a) Southeast Asia Energy Outlook 2022. IEA, Paris (www.iea.org/reports/southeast-
asia-energy-outlook-2022).

IEA (2022b) “Scaling up renewables in the Java-Bali power system: A case study”. IEA, Paris
(www.iea.org/articles/scaling-up-renewables-in-the-java-bali-power-system-a-case-study).

IEA (n.d.) ‘Wind: Overview’. Webpage. IEA, Paris.

IRE, IRENA, UNSD, World Bank, WHO (2023) Renewable energy consumption (% of total
final energy consumption, Tracking SDG 7: The Energy Process Report, World Bank,
Washington DC, accessed January 2024,
https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS?

IHA (2019) Hydropower Sector Climate Resilience Guide. London: International Association
of Hydropower.

IRENA & ACE (2022) Renewable energy outlook for ASEAN: Towards a regional energy
transition (2nd ed.), International Renewable, Energy Agency, Abu Dhabi; and ASEAN Centre
for Energy, Jakarta.

IRENA (2022) Indonesia energy transition outlook, International Renewable Energy Agency,
Abu Dhabi.

JICA (2022) Monsoon wind power project, Sekong and Attapeu. Environmental and Social
Impact Assessment, Lao PDR.
(www.jica.go.jp/Resource/english/our work/social _environmental/id/asia/southeast/laos/fp4rr
b000000rgsa-att/fh2qg4d0000000zra.pdf

Joshi, P., Rosenlieb, E. and Gadzanku, S. (2023) Enabling floating solar (FPV) deployment.
FPV Technical Potential Assessment for Southeast Asia. National Renewable Energy
Laboratory: Washington, DC.

Kaldellis, J., Kapsali, M. and Kavadias, K. (2014) ‘Temperature and wind speed impact on the
efficiency of PV installations. Experience obtained from outdoor measurements in Greece’
Renewable Energy 66: 612—-624.

Lee, A. D. and Gerner, F. (2020) Learning from Power Sector Reform Experiences: The Case
of Vietnam. Policy Research Working Paper; No. 9169. World Bank, Washington, DC.

Mima, S. and P. Criqui. (2015) The costs of climate change for the European energy system,
an assessment with the POLES model. Environ. Model. Assess., 20(4), 303-319.

Ministry of Environment, Kingdom of Cambodia (2022) Cambodia’s National Cooling Action
Plan. Phnom Penh, Cambodia.

MRC (2021) The integrated water resources management—based Basin Development
Strategy for the Lower Mekong Basin 2021-2030 and the MRC Strategic Plan 2021-2025.
Vientiane: Mekong River Commission Secretariat.

Opitz-Stapleton, S., Borodyna, O., Nijhar, |., Panwar, V. and Nadin, R. (2022) Managing
climate risks to protect net-zero energy goals: Net-zero transition opportunities in Kyrgyzstan,

137

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


http://www.iea.org/articles/scaling-up-renewables-in-the-java-bali-power-system-a-case-study
https://data.worldbank.org/indicator/EG.FEC.RNEW.ZS
http://www.jica.go.jp/Resource/english/our_work/social_environmental/id/asia/southeast/laos/fp4rrb000000rqsa-att/fh2q4d000000ozra.pdf
http://www.jica.go.jp/Resource/english/our_work/social_environmental/id/asia/southeast/laos/fp4rrb000000rqsa-att/fh2q4d000000ozra.pdf

Tajikistan and Uzbekistan. Report. London: ODI (www.odi.org/publications/managing-climate-
risks-to-protect-net-zero- energy-goals-net-zero-transition-opportunities-in-kyrgyzstan-
tajikistan-and-uzbekistan)

Our World In Data — Share of electricity production from hydropower, 2022, Accessed January
2024, https://ourworldindata.org/grapher/share-electricity-hydro?time=latest

Our World in Data — Fossil Fuels, Accessed January 2024, https://ourworldindata.org/fossil-
fuels

Pavanello, F., De Cian, E., Davide, M. et al. (2021) Air-conditioning and the adaptation cooling
deficit in emerging economies. Nat Commun 12, 6460. https://doi.org/10.1038/s41467-021-
26592-2.

Pouran, H., Mariana Padilha Campos Lopes, Tainan Nogueira, David Alves Castelo Branco,
Yong Sheng, Environmental and technical impacts of floating photovoltaic plants as an
emerging clean energy technology, iScience, Volume 25, Issue 11, 2022, 105253,
https://doi.org/10.1016/j.isci.2022.105253.

PwC (2021) Energy transition readiness in Southeast Asia. Report. PwC
(www.pwc.com/sg/en/publications/assets/page/energy-transition-readiness-in-southeast-

asia.pdf).

Ranger (2013). Topic Guide: Adaptation — Decision-making Under Uncertainty. Evidence on
Demand, DFID, June 2013. hitps://www.gov.uk/research-for-development-outputs/topic-
guide-adaptation-decision-making-under-uncertainty

Shaw, R.,, Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, M. Hashizume, G.E. Insarov,
Y. Ishikawa, M. Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, and Z. Zhang (2022): Asia. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.
Pdrtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S.
Langsdorf, S. Loschke, V. Moller, A. Okem, B. Rama (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 1457-1579, doi:10.1017/9781009325844.012.

UN OCHA (2022) Super Typhoon Rai: One Month On: In Numbers. UN Humanitarian, 11
January (https://unocha.exposure.co/nbsp-nbsp-super-typhoon-rainbsp-nbspnbsp?).

UNESCAP and ASEAN Centre for Energy (2020) Regional energy trends report 2020: tracking
SDG 7 in the ASEAN region. UN: New York.

UN-Habitat (2022) World Cities Report 2022: Envisaging the World of Cities. United Nations
Human Settlements Programme (UN-Habitat), Nairobi, Kenya.

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

Vu, K. and Guarascio, F. (2023b) Analysis: Heatwave lays bare Vietnam's structural electricity
woes. Reuters, 13 June (www.reuters.com/business/energy/heatwave-lays-bare-vietnams-
structural-electricity-woes-2023-06-12/).

138

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://ourworldindata.org/grapher/share-electricity-hydro?time=latest
https://ourworldindata.org/fossil-fuels
https://ourworldindata.org/fossil-fuels
https://doi.org/10.1038/s41467-021-26592-2
https://doi.org/10.1038/s41467-021-26592-2
https://doi.org/10.1016/j.isci.2022.105253
http://www.pwc.com/sg/en/publications/assets/page/energy-transition-readiness-in-southeast-asia.pdf
http://www.pwc.com/sg/en/publications/assets/page/energy-transition-readiness-in-southeast-asia.pdf
https://sdgs.un.org/goals
http://www.reuters.com/business/energy/heatwave-lays-bare-vietnams-structural-electricity-woes-2023-06-12/
http://www.reuters.com/business/energy/heatwave-lays-bare-vietnams-structural-electricity-woes-2023-06-12/

Vu,K. and Guarascio, F. (2023a) Vietnam approves plan to boost wind, LNG by 2030. Reuters,
16 March (www.reuters.com/business/energy/viethams-pm-approves-135-billion-power-plan-
2030-2023-05-15/).

Wang, Y., Byers, E., Parkinson, S., Wanders, N.,Wada, Y., Mao, J., & Bielicki, J.
M. (2019) Vulnerability of existing and planned coal-fired power plants in developing Asia to
changes in climate and water resources. Energy & Environmental Science, 12(10), 3164—
3181. https://doi.org/10.1039/COEE02058F.

Wang, K., etal. (2021) Understanding the impacts of climate change and socioeconomic
development through food-energy-water nexus: A case study of Mekong River delta. Resour.
Conserv. Recycl., 167, 105390, doi:10.1016/j. resconrec.2020.105390.

Martin Wild, Doris Folini, Florian Henschel, Natalie Fischer and Bjorn Miller (2015) Projections
of long-term changes in solar radiation based on CMIP5 climate models and their influence
on energy yields of photovoltaic systems. Solar Energy, Volume 116, 2015, Pages 12-24,
ISSN 0038-092X. https://doi.org/10.1016/j.solener.2015.03.039.

World Bank (2018) “Bringing power to Lao PDR’s rural poor’. Issue 13, March 2018. World
Bank, Washington, DC.

World Bank (2022) Offshore Wind Roadmap for the Philippines. World Bank, Washington, DC.
https://www.worldbank.org/en/news/press-release/2022/04/20/new-roadmap-shows-
potential-for-21gw-of-offshore-wind-by-2040-in-the-philippines

World Bank Group (2022) Philippines Country Climate and Development Report. CCDR
Series; World Bank, Washington, DC. http://hdl.handle.net/10986/38280

Zhang, B., Li, Y., Zhang, C. et al. (2023) Dual water-electricity cooperation improves economic
benefits and water equality in the Lancang-Mekong River Basin. Nat Commun 14, 6228
https://doi.org/10.1038/s41467-023-42009-8

139

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1039/C9EE02058F
https://doi.org/10.1038/s41467-023-42009-8

Section 3.6 — Environment

ASEAN Secretariat (2023) Study on Nature-based Solutions (NbS) in ASEAN. The ASEAN
Secretariat, Jakarta (https://asean.org/wp-content/uploads/2022/10/2023 Study-on-Nature-
based-Solutions-NbS-in-ASEAN Adopted.pdf).

CEPF (2001a) Ecosystem Profile: Sumatra Forest Ecosystems of the Sundaland Biodiversity
Hotspot  Indonesia. Critical Ecosystem Partnership Fund, December 2001.
https://www.cepf.net/our-work/biodiversity-hotspots/sundaland

CEPF (2001b) Ecosystem Profile: The Philippines Hotspot. Critical Ecosystem Partnership
Fund, December 2001. https://www.cepf.net/our-work/biodiversity-hotspots/philippines

CEPF (2014) Ecosystem Profile Summary: Wallecea Biodiversity Hotspot. Critical Ecosystem
Partnership Fund, June 2014. https://www.cepf.net/our-work/biodiversity-hotspots/wallacea

CEPF (2020) Indo-Burma Biodiversity Hotspot: 2020 Update. Critical Ecosystem Partnership
Fund. (www.cepf.net/sites/default/files/ep indoburma 2020 update final-sm 0.pdf).

CEPF (2017) Ecosystem Profile: Mountains of Central Asia Biodiversity Hotspot. Critical
Ecosystem Partnership Fund (www.cepf.net/sites/default/files/mountains-central-asia-
ecosystem-profile-english.pdf).

Convention on Wetlands. (2021) Global Wetland Outlook: Special Edition 2021. Gland,
Switzerland: Secretariat of the Convention on Wetlands.
(www.ramsar.org/sites/default/files/documents/library/gwo 2021 e.pdf).

Dang, A. T. N., Kumar, L., Reid, M. and Anh, L, N. T. (2021) Modelling the susceptibility of
wetland plant species under climate change in the Mekong Delta, Vietnam, Ecological
Informatics, 64, https://doi.org/10.1016/j.ecoinf.2021.101358

Emerton, L. and Aung, Y. (2013) The Economic Value of Forest Ecosystem Services in
Myanmar and Options for Sustainable Financing. 10.13140/2.1.1896.0968.

Estoque, R.C., Ooba, M., Avitabile, V. et al. (2019) The future of Southeast Asia’s forests. Nat
Commun 10, 1829 (2019). https://doi.org/10.1038/s41467-019-09646-4

FAO and UNEP (2020) The State of the World’s Forests 2020. Forests, biodiversity and
people. Rome. https://doi.org/10.4060/ca8642en

FAO and UNEP (2020) The State of the World’s Forests 2020. Forests, biodiversity and
people. Rome. https://doi.org/10.4060/ca8642en

FAO (2022) The State of the World’s Forests 2022. Forest pathways for green recovery and
building inclusive, resilient and sustainable economies. Rome, FAO.

Farhadinia M.S., Waldron A, Kaszta Z. et al (2022) Current trends suggest most Asian
countries are unlikely to meet future biodiversity targets on protected areas. Commun Biol.
Nov 29;5(1):1221. doi: 10.1038/s42003-022-04061-w. PMID: 36443482; PMCID:
PMC9705440.

Fluet-Chouinard, E., Stocker, B.D., Zhang, Z. et al. (2023) Extensive global wetland loss over
the past three centuries. Nature 614, 281-286 https://doi.org/10.1038/s41586-022-05572-6

140

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://asean.org/wp-content/uploads/2022/10/2023_Study-on-Nature-based-Solutions-NbS-in-ASEAN_Adopted.pdf
https://asean.org/wp-content/uploads/2022/10/2023_Study-on-Nature-based-Solutions-NbS-in-ASEAN_Adopted.pdf
http://www.cepf.net/sites/default/files/ep_indoburma_2020_update_final-sm_0.pdf
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cepf.net%2Fsites%2Fdefault%2Ffiles%2Fmountains-central-asia-ecosystem-profile-english.pdf&data=05%7C02%7Channah.griffith%40metoffice.gov.uk%7C9e901d0bb26f45cdf10e08dc27faf74e%7C17f1816120d7474687fd50fe3e3b6619%7C0%7C0%7C638429206207791269%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=u8Qzed%2F55%2FUYSvcJBCxrwjU2DhgCT2R2sxBQSZuUOD0%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cepf.net%2Fsites%2Fdefault%2Ffiles%2Fmountains-central-asia-ecosystem-profile-english.pdf&data=05%7C02%7Channah.griffith%40metoffice.gov.uk%7C9e901d0bb26f45cdf10e08dc27faf74e%7C17f1816120d7474687fd50fe3e3b6619%7C0%7C0%7C638429206207791269%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=u8Qzed%2F55%2FUYSvcJBCxrwjU2DhgCT2R2sxBQSZuUOD0%3D&reserved=0
http://www.ramsar.org/sites/default/files/documents/library/gwo_2021_e.pdf
https://doi.org/10.1016/j.ecoinf.2021.101358
https://doi.org/10.4060/ca8642en
https://doi.org/10.4060/ca8642en
https://doi.org/10.1038/s41586-022-05572-6

Global Forest Watch (2024) Forest Pulse: The Latest on the World’s Forests. Updated on April
4, 2024. World Resources Institute, Global Forest Review. See:
https://research.wri.org/gfr/latest-analysis-deforestation-
trends?utm_campaign=treecoverloss2023&utm_medium=bitly&utm_source=EmailBlast

IPBES. (2018) Summary for Policymakers of the Assessment Report on Biodiversity and
Ecosystem Services for Asia and the Pacific (summary for policy makers). Zenodo.
https://doi.org/10.5281/zenodo0.3237383

Kapos, V., Wicander, S., Salvaterra, T., Dawkins, K., Hicks, C. (2019) The Role of the Natural
Environment in Adaptation, Background Paper for the Global Commission on Adaptation.
Rotterdam and Washington, D.C.: Global Commission on Adaptation.

Kiely L, Spracklen, D.V., Arnold S.R., Papargyropoulou, E., Conibear, L., Wiedinmyer, C.,
Knote, C., Adrianto, H.A. (2021) “Assessing costs of Indonesian fires and the benefits of
restoring peatland”. Nat Commun. Dec 2;12(1):7044. doi: 10.1038/s41467-021-27353-x.
PMID: 34857766; PMCID: PMC8639972.

Krishnasamy, K. and Zavagli, M. (2020). Southeast Asia: At the heart of wildlife trade.
TRAFFIC, Southeast Asia Regional Office, Petaling Jaya, Selangor, Malaysia.

Kubiszewski, |., Anderson, S., Costanza, R. and Sutton, P. (2016) "The Future of Ecosystem
Services in Asia and the Pacific," Asia and the Pacific Policy Studies, Wiley Blackwell, vol.
3(3), pages 389-404, September.

Liu, Yang, Huaiging Zhang, Zeyu Cui, Yuanging Zuo, Kexin Lei, Jing Zhang, Tingdong Yang,
and Ping Ji. (2022) "Precise Wetland Mapping in Southeast Asia for the Ramsar Strategic
Plan 2016—-24" Remote Sensing 14, no. 22: 5730. https://doi.org/10.3390/rs14225730

Mandle, L., S. Wolny, N. Bhagabati, H. et al. (2017) “Assessing ecosystem service provision
under climate change to support conservation and development planning in Myanmar”. PLoS
ONE, 12, no. 9, e0184951, doi:10.1371/journal.pone.0184951

Mufoz, H., V. and Vong, V. (2022). Climate Change Vulnerability Assessment Stung Sen
Ramsar Site, Cambodia. Bangkok, Thailand: IUCN.

Neugarten, R.A., Langhammer, P.F., Osipova, E., et al. (2018). Tools for measuring,
modelling, and valuing ecosystem services: Guidance for Key Biodiversity Areas, Natural
World Heritage Sites, and Protected Areas. Gland, Switzerland: IUCN.

Numata, S., Yamaguchi, K., Shimizu, M. et al. (2022) Impacts of climate change on
reproductive phenology in tropical rainforests of Southeast Asia. Commun Biol 5, 311.
https://doi.org/10.1038/s42003-022-03245-8

OECD (2019) The lllegal Wildlife Trade in Southeast Asia: Institutional Capacities in
Indonesia, Singapore, Thailand and Viet Nam, lllicit Trade, OECD Publishing,
Paris, https://doi.org/10.1787/14fe3297-en.

Ometto, J.P., K. Kalaba, G.Z. Anshari, N. Chacén, A. Farrell, S.A. Halim, H. Neufeldt, and R.
Sukumar (2022) Cross- Chapter Paper 7: Tropical Forests. In: Climate Change 2022: Impacts,
Adaptation and Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change [H.-O. Poértner, D.C.Roberts, M.Tignor,

141

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.5281/zenodo.3237383
https://ideas.repec.org/a/bla/asiaps/v3y2016i3p389-404.html
https://ideas.repec.org/a/bla/asiaps/v3y2016i3p389-404.html
https://ideas.repec.org/s/bla/asiaps.html
https://doi.org/10.3390/rs14225730
https://doi.org/10.1038/s42003-022-03245-8
https://doi.org/10.1787/14fe3297-en

E.S.Poloczanska, K.Mintenbeck, A.Alegria, M.Craig, S.Langsdorf, S.Léschke, V.Mdller, A.
Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY,
USA, pp. 2369-2410, doi:10.1017/9781009325844.024.

Pang, S.E.H., De Alban, J.D.T. & Webb, E.L. (2021) Effects of climate change and land cover
on the distributions of a critical tree family in the Philippines. Sci Rep 11, 276.
https://doi.org/10.1038/s41598-020-79491-9

Parmesan, C., M.D. Morecroft, Y. Trisurat, R. Adrian, G.Z. Anshari, A. Arneth, Q. Gao, P.
Gonzalez, R. Harris, J. Price, N. Stevens, and G.H. Talukdarr, (2022): Terrestrial and
Freshwater Ecosystems and Their Services. In: Climate Change 2022: Impacts, Adaptation
and Vulnerability. Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [H.-O. Pértner, D.C. Roberts, M. Tignor, E.S.
Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdller, A.
Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY,
USA, pp. 197-377, doi:10.1017/9781009325844.004.

Pomoim, N., Hughes, A.C., Trisurat, Y., Corlett, R.T. (2022) Vulnerability to climate change of
species in protected areas in Thailand. Sci Rep. 12(1):5705. doi: 10.1038/s41598-022-09767-
9.

Sarira, T.V., Zeng, Y., Neugarten, R. et al. (2022) Co-benefits of forest carbon projects in
Southeast Asia. Nat Sustain 5, 393—-396 https://doi.org/10.1038/s41893-022-00849-0

Shaw, R., Y. Luo, T.S. Cheong, S. Abdul Halim, S. Chaturvedi, M. Hashizume, G.E. Insarov,
Y. Ishikawa, M. Jafari, A. Kitoh, J. Pulhin, C. Singh, K. Vasant, and Z. Zhang (2022): Asia. In:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [H.-O.
Pértner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S.
Langsdorf, S. Léschke, V. Mdéller, A. Okem, B. Rama (eds.)]. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 1457-1579, doi:10.1017/9781009325844.012.

Sonter L.J., Dade, M.C., Watson, J.E.M., Valenta, R.K. (2020) Renewable energy production
will exacerbate mining threats to biodiversity. Nat Commun. 11(1):4174. doi: 10.1038/s41467-
020-17928-5.

Sophanna,L., Pok,H. and Avent, T. (2019) Climate Change Vulnerability Assessment for
Boueng Prek Lapouv Protected Landscape, Cambodia. Bangkok, Thailand: [IUCN ARO.

Matthew J Struebig, Sabhrina G Aninta, Maria Beger, et al (2021) Safeguarding Imperilled
Biodiversity and Evolutionary Processes in the Wallacea Center of Endemism. BioScience,
Volume 72, Issue 11, November 2022, Pages 1118-1130,
https://doi.org/10.1093/biosci/biac085

Supriyadi, I.H. et al (2023) Current status of seagrass condition in coastal waters of Kendari
Southeast Sulawesi Indonesia. IOP Conf. Ser.: Earth Environ. Sci. 1137 012015

The General Secretariat of the National Council for Sustainable Development and Ministry of
Environment of Cambodia (2020) Cambodia’s Updated Nationally Determined Contribution
(NDC). The General Secretariat of the National Council for Sustainable Development/Ministry
of Environment: Phnom Penh, Cambodia.

142

= Met Office ¢ ] ==

Hadley Centre U|d © Crown Copyright 2024 Met Office



https://doi.org/10.1038/s41598-020-79491-9
https://doi.org/10.1038/s41893-022-00849-0

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

van Zonneveld, M., Koskela, J., Vinceti, B., and Jarvis, A. (2009) Impact of climate change on
the distribution of tropical pines in Southeast Asia. Unasylva.

Wilkinson, C., Ed. (2004) Status of Coral Reefs of the World: 2004, Volume 1. Australian
Institute of Marine Science, Townsville, 302 pp.

Xu, J. et al. (2019) Sustaining Biodiversity and Ecosystem Services in the Hindu Kush
Himalaya. In: Wester, P., Mishra, A., Mukherji, A., Shrestha, A. (eds) The Hindu Kush
Himalaya Assessment. Springer, Cham. https://doi.org/10.1007/978-3-319-92288-1 5

Zou, J., Ziegler, A.D., Chen, D. et al. (2022) Rewetting global wetlands effectively reduces
major greenhouse gas emissions. Nat. Geosci. 15, 627-632 https://doi.org/10.1038/s41561-
022-00989-0

143

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://sdgs.un.org/goals
https://doi.org/10.1007/978-3-319-92288-1_5
https://doi.org/10.1038/s41561-022-00989-0
https://doi.org/10.1038/s41561-022-00989-0

Section 3.7 — Blue economy and the marine environment

ADB (2021) Asian Development Bank. “Financing the Ocean back to Health in Southeast Asia:
Approaches for Mainstreaming Blue Finance.” Dec. 2021.

ADB and World Bank Group (2021a) Climate Risk Country Profile: Vietnam (2021): The World
Bank Group and the Asian Development Bank

ADB and World Bank Group (2021b) Climate Risk Country Profile: Indonesia (2021b): The
World Bank Group and Asian Development Bank.

ADB and World Bank Group (2021c) Climate Risk Country Profile: Philippines (2021): The
World Bank Group and the Asian Development Bank

ADB and World Bank Group (2021d) Climate Risk Country Profile: Malaysia (2021d): The
World Bank Group and the Asian Development Bank

ADB and World Bank Group (2021e) Climate Risk Country Profile: Timor-Leste (2021e): The
World Bank Group and the Asian Development Bank

Barange, M., Bahri, T., Beveridge, M., Cochrane, K., Funge-Smith, S., Poulain, F. (2018)
Impacts of climate change on fisheries and aquaculture: Synthesis of current knowledge,
adaptation and mitigation options. Food and Agriculture Organization of the United Nations
(FAO) Technical Paper No. 627. URL: http://www.fao.org/3/i9705en/i9705en.pdf

Beirne, J., N. Renzhi, and U. Volz. (2021) Bracing for the Typhoon: Climate Change and
Sovereign Risk in Southeast Asia. ADBI Working Paper 1223. Tokyo: Asian Development
Bank Institute. Available: https://onlinelibrary.wiley.com/doi/10.1002/sd.2199#:~:text=Southe
ast%20Asian%20countries%20will%20not,have%20a%20significant%20impact%20on

Burke, Lauretta, et al. (2012) Reefs at Risk Revisited in the Coral Triangle.

Burke, Lauretta & Spalding, Mark. (2022) Shoreline protection by the world’s coral reefs:
Mapping the benefits to people, assets, and infrastructure. Marine Policy. 146. 105311.
10.1016/j.marpol.2022.105311.

Cai, W., Santoso, A., Wang, G., Weller, E., Wu, L., Ashok, K., Masumoto, Y. and Yamagata,
T. (2014) Increased frequency of extreme Indian Ocean Dipole events due to greenhouse
warming. Nature, 510(7504), pp.254—258. doi:https://doi.org/10.1038/nature13327

Cai, W., Yang, K., Wu, L. et al. (2021) Opposite response of strong and moderate positive
Indian Ocean Dipole to global warming. Nat. Clim.  Chang. 11, 27-32
https://doi.org/10.1038/s41558-020-0094 3-1

Cheng, Y., Zhang, M., Song, Z., Wang, G., Zhao, C., Shu, Q., Zhang, Y. and Qiao, F. (2023)
A quantitative analysis of marine heatwaves in response to rising sea surface temperature.
881, pp.163396-163396. doi:https://doi.org/10.1016/j.scitotenv.2023.163396.

Cruz, R.\V., H. Harasawa, M. Lal, S. Wu, Y. Anokhin, B. Punsalmaa, Y. Honda, M. Jafari, C.
Li and N. Huu Ninh (2007) Asia. Climate Change 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and
C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 469-506

144

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


http://www.fao.org/3/i9705en/i9705en.pdf
https://onlinelibrary.wiley.com/doi/10.1002/sd.2199#:~:text=Southeast%20Asian%20countries%20will%20not,have%20a%20significant%20impact%20on
https://onlinelibrary.wiley.com/doi/10.1002/sd.2199#:~:text=Southeast%20Asian%20countries%20will%20not,have%20a%20significant%20impact%20on
https://doi.org/10.1038/s41558-020-00943-1

Doney, C., S., Busch, S., R. Cooley, S. and J. Kroeker, K. (2020) The Impacts of Ocean
Acidification on Marine Ecosystems and Reliant Human Communities.

Dong, Z.,Wang, L., Sun, Y. Hu, T, Limsakul, A., Singhruck, P., & Pimonsree,
S. (2021) Heatwaves in Southeast Asia and their changes in a warmer world. Earth's
Future, 9, e2021EF001992. https://doi.org/10.1029/2021EF001992

Esbaugh, A.J. (2017) Physiological implications of ocean acidification for marine fish:
emerging patterns and new insights. Journal of Comparative Physiology B, 188(1), pp.1-13.
doi:https://doi.org/10.1007/s00360-017-1105-6

Fabinyi, M., Belton, B., Dressler, W., Knudsen, M., Adhuri, D., Aziz, A., Akber, M., Kittitornkool,
J., Kongkaew, C., Marschke, M., Pido, M., Stacey, N, Steenberen, D., Vandeergeest, P.
(2022) Coastal transitions: small-scale fisheries, livelihoods, and maritime zone developments
in  Southeast Asia. [online] Journal of Rural Studies. Available at:
https://doi.org/10.1016/j.jrurstud.2022.02.006

Fallin, D., Tran Hudes, S., Ingram, A. and B. Polling , G. (2021) Oceans of Opportunity
Southeast Asia’s Shared Maritime Challenges. [online] Center for Strategic and International
Studies. Available at: https://csis-website-prod.s3.amazonaws.com/s3fs-
public/publication/210910 Fallin_Oceans of Opportunity.pdf?Versionld=1KmyoAQ32Y5Cp
JFWKIOaScMZ7RKmADb2B. Center for Strategic and International Studies, 10 Sept. 2021.

FAO (2018) Impacts of climate change on fisheries and aquaculture, synthesis of current
knowledge, adaptation and mitigation options, Food and Agriculture Organization of the United
Nations, https://www.fao.org/3/i9705en/i9705en.pdf

FAO (2019) data from FAOSTAT: https://www.fao.org/faostat/en/#home

FAO (2020) Review of the techno-economic performance of the main global fishing fleets,
Food and Agriculture Organization of the United Nations,
https://www.fao.org/3/cb4900en/cb4900en.pdf

FAO (2021) Fishery and Aquaculture Statistics, 2019, Yearbook, FAO statistics,
https://www.fao.org/3/cb7874t/cb7874t.pdf

FAO (2022) The State of World Fisheries and Aquaculture 2022. Towards Blue
Transformation. Rome, FAO. https://www.fao.org/3/cc0461en/online/sofia/2022/status-of-
fishery-resources.html

FAO (2023a) Fishery and Aquaculture Statistics. Global capture production 1950-2021
(FishStatJ). In: FAO Fisheries and Aquaculture Division [online]. Rome. Updated 2023.
https://www.fao.org/fishery/en/statistics/software/fishstatj

FAO (2023b) Fishery and Aquaculture Statistics. Global aquaculture production 1950-2021
(FishStatJ). In: FAO Fisheries and Aquaculture Division [online]. Rome. Updated 2023.
https://www.fao.org/fishery/en/statistics/software/fishstatj

145

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1029/2021EF001992
https://doi.org/10.1016/j.jrurstud.2022.02.006
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/210910_Fallin_Oceans_of_Opportunity.pdf?VersionId=1KmyoAQ32Y5CpJFWKlOaScMZ7RKmAb2B
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/210910_Fallin_Oceans_of_Opportunity.pdf?VersionId=1KmyoAQ32Y5CpJFWKlOaScMZ7RKmAb2B
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/210910_Fallin_Oceans_of_Opportunity.pdf?VersionId=1KmyoAQ32Y5CpJFWKlOaScMZ7RKmAb2B
https://www.fao.org/3/i9705en/i9705en.pdf
https://www.fao.org/faostat/en/#home
https://www.fao.org/3/cb4900en/cb4900en.pdf
https://www.fao.org/3/cb7874t/cb7874t.pdf
https://www.fao.org/3/cc0461en/online/sofia/2022/status-of-fishery-resources.html
https://www.fao.org/3/cc0461en/online/sofia/2022/status-of-fishery-resources.html
https://www.fao.org/fishery/en/statistics/software/fishstatj
https://www.fao.org/fishery/en/statistics/software/fishstatj

Ferrario, F. et al. (2014) The effectiveness of coral reefs for coastal hazard risk reduction and
adaptation, Nature Communications, 5(1), p. 3794. Available at:
https://doi.org/10.1038/ncomms4794.

Fordyce, J., A., D. Ainsworth, T., F. Herron, S. and Leggat, W. (2019) Marine Heatwave
Hotspots in Coral Reef Environments: Physical Drivers, Ecophysiological Outcomes, and
Impact Upon Structural Complexity. [online] Available at:
https://www.frontiersin.org/articles/10.3389/fmars.2019.00498/full.

Fortes, M.D., Ooi, J.L.S., Tan, Y.M., Prathep, A., Bujang, J.S. and Yaakub, S.M. (2018)
Seagrass in Southeast Asia: a review of status and knowledge gaps, and a road map for
conservation. Botanica Marina, 61(3), pp.269-288. doi:https://doi.org/10.1515/bot-2018-0008

Gillanders, B. (2006) Seagrasses, Fish, and Fisheries. Seagrasses: Biology, Ecology and
Conservation. 503-536. 10.1007/978-1-4020-2983-7_21.

Giri, C., Long, J., Abbas, S., Murali, R.M., Qamer, F.M., Pengra, B. and Thau, D. (2015)
Distribution and dynamics of mangrove forests of South Asia. Journal of environmental
management, [online] 148, pp.101-11. doi: https://doi.org/10.1016/j.jenvman.2014.01.020.

Gopal, T. and V. Anbumozhi (2019) ‘Effects of Disasters and Climate Change on Fisheries
Sectors and Implications for ASEAN Food Security’, in Anbumozhi, V., M. Breiling, and V.
Reddy (eds.), 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, pp. 161-188.

Gutiérrez, J., Jones, R., Narisma, G., Alves, L., Amjad, M., Gorodetskaya, |., Grose, M.,
Klutse, N., Krakovska, S., Li, J., Martinez-Castro, D., Mearns, L., Mernild, S., Ngo-Duc, T.,
van den Hurk, B. and Yoon, J.-H. (2021) Atlas. In Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., Zhai, P., Pirani, A,
Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J., Maycock, T., Waterfield, T., Yelekgi, O., Yu, R. and
Zhou, B. (eds.)]. Cambridge University Press. In Press. Interactive Atlas available from
Available from http://interactive-atlas.ipcc.ch/.

Hansson, L. and Gattuso, J.-P. (2011) Ocean Acidification. Oxford University Press.

Hobday, A.J. et al. (2016) A hierarchical approach to defining marine heatwaves, Progress in
Oceanography, 141, pp. 227-238. Available at: https://doi.org/10.1016/j.pocean.2015.12.014.

Januar, H. |., Hidayah, |., Humaida, N., Salnuddin, Iswani, S., & Hidayat, A. (2023) Habitat
suitability modeling of Acropora spp. distribution in Coral Triangle area of Maluku Waters,
Indonesia under influence of future climate change and coastal pollution. Agriculture and
Natural Resources, 57(5), 869-876. https://doi.org/10.34044/j.anres.2023.57.5.13

Kay S, Avillanosa AL, Cheung VV, Dao HN, Gonzales BJ, Palla HP, Praptiwi RA, Queirés AM,
Sailley SF, Sumeldan JDC, Syazwan WM, Then AY-H and Wee HB (2023) Projected effects
of climate change on marine ecosystems in Southeast Asian seas. Front. Mar.
Sci. 10:1082170. doi: 10.3389/fmars.2023.1082170

146

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1038/ncomms4794
https://www.frontiersin.org/articles/10.3389/fmars.2019.00498/full
https://doi.org/10.1016/j.jenvman.2014.01.020
http://interactive-atlas.ipcc.ch/
https://doi.org/10.1016/j.pocean.2015.12.014

Kazi, Swarna, Ignacio Urrutia, Mathijs van Ledden, Jean Henry Laboyrie, Jasper Verschuur,
Zahir-ul Haque Khan, Ruben Jongejan, Kasper Lendering, and Alejandra Gijén Manchefio.
(2022) Bangladesh: Enhancing Coastal Resilience in a Changing Climate. Washington, DC:
The World Bank.

Lam, W.V., Chavanich, S., Djoundourian, S. and Dupont, S. (2019) Dealing with the effects of
ocean acidification on coral reefs in the Indian Ocean and Asia. Regional Studies in Marine
Science, Volume 28, 2019. https://doi.org/10.1016/j.rsma.2019.100560.

Lovelock, C., Cahoon, D., Friess, D. et al. The vulnerability of Indo-Pacific mangrove forests
to sea-level rise. Nature 526, 559-563 (2015). https://doi.org/10.1038/nature 15538

McManus, L.C., Vasconcelos, V.V., Levin, S.A. et al (2019) Extreme temperature events will
drive coral decline in the Coral Triangle. Glob Change Biol. 2020; 26:2120-2133. DOI:
10.1111/gcb.14972

McSherry M, Davis RP, Andradi-Brown DA, Ahmadia GN, Van Kempen M and Wingard Brian
S (2023) Integrated mangrove aquaculture: The sustainable choice for mangroves and
aquaculture? Front. For. Glob. Change 6:1094306. doi: 10.3389/ffgc.2023.1094306

Obura, D., Gudka, M., Porter, S. N. and Abae, R. (2021) Status and trends of coral reefs of

the Western Indian Oceans region, In: The Sixth Status of Corals of the World: 2020 Report,

Global Coral Reef Monitoring Network, https://www.researchgate.net/publication/360262976
Status_and _trends of coral reefs of the Western Indian Ocean region

OECD (2023) Tourism must adapt to the post-pandemic environment to drive growth in
Emerging Asia. OECD. [online] 31 Mar. Available at:
https://www.oecd.org/development/economic-outlook-southeast-asia-china-india-tourism-
sector-post-pandemic.htm#:~:text=Before%20the%20COVID%2D19%20pandemic,Emergin
g%20Asia%20as%20a%20whole.

OECD and Food and Agriculture Organization of the United Nations (2017) OECD-FAO
Agricultural Outlook 2017-2026. OECD (OECD-FAO Agricultural Outlook). Available at:
https://doi.org/10.1787/agr outlook-2017-en.

Pascoe, S., Doshi, A., Thébaud, O., Thomas, C.R., Schuttenberg, H.Z., Heron, S.F., Setiasih,
N., Tan, J.C.H., True, J., Wallmo, K., Loper, C. and Calgaro, E. (2014) Estimating the potential
impact of entry fees for marine parks on dive tourism in South East Asia. Marine Policy, 47,
pp.147-152. doi:https://doi.org/10.1016/j.marpol.2014.02.017.

Patro, S., Krishnan, P., Deepak Samuel, V., Purvaja, R. and Ramesh, R. (2017) Seagrass and
Salt Marsh Ecosystems in South Asia: An Overview of Diversity, Distribution, Threats and
Conservation Status. Wetland Science, pp.87—104. doi:https://doi.org/10.1007/978-81-322-
3715-0_5.

Rahman, M.M., Zimmer, M., Ahmed, |. et al. (2021) Co-benefits of protecting mangroves for
biodiversity conservation and carbon storage. Nat Commun 12, 3875 (2021).
https://doi.org/10.1038/s41467-021-24207-4

Raitzer, D.A. and ADB (2015) Southeast Asia and the economics of global climate
stabilization. Metro Manila, Philippines: Asian Development Bank.

147

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1038/nature15538
https://www.researchgate.net/publication/360262976_Status_and_trends_of_coral_reefs_of_the_Western_Indian_Ocean_region
https://www.researchgate.net/publication/360262976_Status_and_trends_of_coral_reefs_of_the_Western_Indian_Ocean_region
https://www.oecd.org/development/economic-outlook-southeast-asia-china-india-tourism-sectorpostpandemic.htm#:~:text=Before%20the%20COVID%2D19%20pandemic,Emerging%20Asia%20as%20a%20whole
https://www.oecd.org/development/economic-outlook-southeast-asia-china-india-tourism-sectorpostpandemic.htm#:~:text=Before%20the%20COVID%2D19%20pandemic,Emerging%20Asia%20as%20a%20whole
https://www.oecd.org/development/economic-outlook-southeast-asia-china-india-tourism-sectorpostpandemic.htm#:~:text=Before%20the%20COVID%2D19%20pandemic,Emerging%20Asia%20as%20a%20whole
https://doi.org/10.1787/agr_outlook-2017-en

Ramadhan, A., Lindawati, L., Kurniasari, N. (2017) Economic value of coral reef ecosystem
in the Wakatobi District. Jurnal Sosial Ekonomi Kelautan dan Perikanan 11: 133—-146

Renaud, F.G., Chardot, L., Hamel, P., Cremin, E., Ng, D.K.S., Balke, T., Lallemant, D., Friend,
R., Shi, X., Lee, J.S.H., Ng, L.Y., Andiappan, V., Le, H., Djalante, R., Tortajada, C., Ebeler, L.,
Horton, B.P. (2021) Adaptation and Resilience in ASEAN: Managing Disaster Risks from
Natural Hazards (p30). UK Government, UK-Singapore COP26 ASEAN Climate Policy Report
Series.

Sakti, A.D. et al. (2020) ‘Multi-Source Remote Sensing Data Product Analysis: Investigating
Anthropogenic and Naturogenic Impacts on Mangroves in Southeast Asia’, Remote Sensing,
12(17), p. 2720. Available at: https://doi.org/10.3390/rs12172720.

Seneviratne, S.I.,, X. Zhang, M. Adnan, W. Badi, C. Dereczynski, A. Di Luca, S. Ghosh, I.
Iskandar, J. Kossin, S. Lewis, F. Otto, |. Pinto, M. Satoh, S.M. Vicente-Serrano, M. Wehner,
and B. Zhou (2021) Weather and Climate Extreme Events in a Changing Climate. In Climate
Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte,
V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I.
Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O.
Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA, pp. 1513-1766, doi: 10.1017/9781009157896.013.

Southerland, Dan (2019) Rising Coastal Sea Levels Pose Threat to Cities in Vietnam and
Thailand - Viet Nam. ReliefWeb, 13 Nov, reliefweb.int/report/viet-nam/rising-coastal-sea-
levels-pose-threat-cities-vietham-and-thailand. Accessed 7 May 2021.

Tran, T.V., Nguyen, T.D., Nguyen, H.H. and Nguyen, P.L. (2022) Investigating Sea Surface
Temperature and Coral Bleaching in the Coastal Area of Khanh Hoa Province. In: IOP Conf.
Series: Earth and Environmental Science. [online] IOP Publishing. Available at:
https://iopscience.iop.org/article/10.1088/1755-1315/964/1/012004/pdf.

UN Environment, ISU, ICRI and Trucost (2018) The Coral Reef Economy: The business case
for investment in the protection, preservation and enhancement of coral reef health. 36pp

United Nations (2015) Department of Economic and Social Affairs, Sustainable Development,
Accessed February 2024, https://sdgs.un.org/goals

Unsworth, R.K.F.; Nordlund, L.M. and Cullen-Unsworth, L.C. (2019) Seagrass meadows
support global fisheries production. Conservation Letters. 12:12566.
https://doi.org/10.1111/conl.12566

Ward, R.D., Friess, D.A., Day, R.H. and Mackenzie, R.A. (2016) Impacts of climate change
on mangrove ecosystems: a region-by-region overview. Ecosystem Health and Sustainability,
[online] 2(4), p.e01211. doi:https://doi.org/10.1002/ehs2.1211.

Alan T. White; Porfirio M. Alifio; Annick Cros et al (2014) Marine Protected Areas in the Coral
Triangle: Progress, Issues, and Options. Coastal Management, 42:2, 87-106, DOI:
10.1080/08920753.2014.878177

Woodroffe, C.D., Rogers, K., McKee, K.L., Lovelock, C.E., Mendelssohn, |.A. and Saintilan,
N. (2016) Mangrove Sedimentation and Response to Relative Sea-Level Rise. Annual Review

148

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://doi.org/10.1017/9781009157896.013
https://iopscience.iop.org/article/10.1088/1755-1315/964/1/012004/pdf
https://sdgs.un.org/goals

of Marine Science, 8(1), pp.243—266. doi:https://doi.org/10.1146/annurev-marine-122414-
034025.

World Bank (2017) What is the Blue Economy? Available at:
https://www.worldbank.org/en/news/infographic/2017/06/06/blue-economy.

Yeemin, Thamasak & Pengsakun, Sittiporn & Yucharoen, Mathinee & Klinthong, Wanlaya &
Sangmanee, Kanwara & Sutthacheep, Makamas. (2012) Long-term decline in Acropora
species at Kut Island, Thailand, in relation to coral bleaching events. Marine Biodiversity. 43.
10.1007/s12526-012-0138-z.

149

= Met Office

Hadley Centre

© Crown Copyright 2024 Met Office


https://www.worldbank.org/en/news/infographic/2017/06/06/blue-economy

= Met Office
Hadley Centre

Image location: Bohey Dulang island, Malaysia

registered trademarks

www.metoffice.gov.uk Source: © Crown Copyright 2024, Met Office



