© eric_xiangeng Eyeem

N\ L

E E X

B4 FE /EE N O |
EBel P ENX 30/
x.. BB SO ENENaS @R )|
R!IOH! %A ER COEEARMER O E

» £ 3
.,f BR T %
5 Ak
o & X P
R Ay 155
M o AL 4
NN -
POPalT Yahal 4 ! adil
"5\, RN s




ABOUT THIS DOCUMENT

l EAT NOx xEE AAZEI cOOO OE 30@xEEAOx ! Ol A1 O EOEAT AxIi NE
2023

Centred on collaborative action, the SEACAR Alliance emphasisesthe importance of nature -based solutions

(NbS), climate analytics, and artificial intelligence (Al) . These tools are instrumental in fortifying the

resilience of cities and communities across six key interlocking themesh agriculture, water, health, natural
ecosystens, infrastructure , and trade.

This report, launched on 6 December 2023 at COP28 in Dubai,encapsulates the collective perspective of

3 %! # ! fAadndhg partners and a call to action for climate adaptation and resilience in Southeast Asia.
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on climate adaptation and resilience in Southeast Asia continues to evolve, so will our perspectives. Future
publications will reflect these ongoing refinements with spotlight on the key themes.

The SEACAR Alliance is a collaboration

9
that emphasises the importance of u (X )
nature based solutions, climate =
analytics and Al in advancing the ©

- ®
resilience of cities and communities. WWF
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countries like Vietham, Cambodia, Lao PDR, Myanmar, and Malaysia. Unfortunately, this was but one of

the many climate hazards we have seen increasdan frequency and severity in the region over recent years.
Fourofthe 11 £0@Nx Ol EO I N 30@xEEAOx ! OI A EI NC xEEDOEI UEO ¢/
natural disasters, with five out of 11 at high vulnerabili ty due to climate change'h making the region a

global hotspot for climate challenges.

3O@xEEAOx 1 Ol AT O U@l NEOGAAT T 1 xU 1 Geathiogimplicgtions forthe OEET ON
ET OAAT AOPDPOGNI xU A0 UE irajedoryastaiiticipatedid nakelit he famO-Brgest] /£
AONx Ol Agx OO0 gross domigdfic ptb@uét (GDP)EY 2030. It is also home to the thirdlargest global

labour pool and renowned for rich biodiversity, both terrestrial and marine. Three o f the 17 megadiverse

countries of the world are in Southeast Asia. In spite of its significance, the region often finds itself eclipsed

in global climate conversations, particularly on adaptation and resilience.

However, within these challenges lie immense OO0 000 x NI x1 EO® 3 0GxEEAOx ! Ol AV «
example, allow the region to leverage NoS@ 7 E Z£AN OEE xEI O I N - UANDPAOT O ! |
mangrove conservation not only reinforces defencesagainst sealevel surges but also fosters sustainable

local livelihoods.

Technological advancements, especially advanced analytics andAl, offer another avenue of promise. For
example, Al and advanced analytics introduce decision-making support that enables more effective
deployment of climate adaptation and resilience (A&R) solutions. In the Philippines, advanced analytics
and Al-enabled modelling support municipal 1evel planning and decision making to effectively prioriti se
and channel resources to protect the most vulnerable communities.

The true transformative potential, however, lies in the convergence of nature and technology, as outlined in
our report. This document, the first in the Road to Resilience series calledThe Might of Nature and the
Power of Technology: Charting a Climate-Resilient Course for Southeast Asig encapsulates this unified
vision of the SEACARAIliance. It also serves as a call to action for stakeholders acoss the region to tap into
the combined strength of nature and technology.

Formed in 2023, the SEACAR Alliancéh a collaborative endeavour between BCG, Think City, and WWF-
Malaysia h is committed to raising the bar on A&R awareness and fostering impactful collaboration.

We encourage government entities, city authorities, industry leaders, and non -profit groups keen on
championing A&R initiatives in the region to utili sethe insights and strategies outlined in this document to
forge meaningful pathways for Southeast Asia. With collaboration that extends beyond borders and
industries, plus the undeniable power of nature and Al, we believe this is the perfect recipe to set the region
on a climate-resilient course.

The SEACAR Alliance
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Southeast Asia is a global socieeconomic and biodiversity powerhouse. It is a region brimming with
OOxENxI AT @ "U yrer&d 30OxEEAOx ! Ol A4 AO A &@btli EEx]1 UE
economy, hosting the third-argestlabour force globally.

4EE OEEI ONYV O Al OCI UEOOI xU 106 Ai 60 A Ul xAl threedeO £E @
UOOT ¢ diverBeRighAountries,itsNAx gOAT xEOOATI NO&A AOxE ON SodtHeast ANC
1 Ol dch tépestry, but serve as a lifeline, providing ecosystem services that extend beyond its bordersin
Southeast Asia, there are a few landscapes and seascaps management of natural resources that are

transboundary and includes large areas. The coral triangle is one of the most biodiverse areasin the world,

with more than 500 species of corals and spanning the Philippines, Malaysia, Indonesia, Papua New

Guinea, Solomon Islands and Timor -Leste. The Heart of Borneo is one of the largestintact transboundary
rainforests, and is being managed by Brunei, Malaysig and Indonesia. The Lower Mekong Basin traverses
Myanmar, LaoPDRA 4 EAIl | ANCA #ADPAOCI A4 ANC 61 ExNADPZ )x 10 x
UOOT ¢ O Ol miedvé@sity AOEAO OE

7EITE 30OxEEAOx ! Ol AT O AOOExO AOE AONOI cBd\Kdefds 1 x O
GDPis anticipated to be wiped away by the climate crisis and natural hazards by 2050 under the projected
worst-casescenario. Half of its vibrant population and over 4,000 species are also on the frontline of these
impending climate impacts.

Despite the glaring stakes, the region is severely underprepared to counter these challenges. Ther is a
pressing need to bolster local A&R plans to protect people, the economy and nature in the region. Given
xEE OEEI ONY O OE Aadiihe@rcddhe@dd Glric, thétedteriany spportunities for
collaborative action. Southeast Asia is also anajor trading region with the rest of the world, generating an
average annual export value of US$1.3 trillion and import value of US$1.2 trillion from 2011 to 2020. The
region must assert its narrative on the global stage: a vulnerable Southeast Asia is not just a regional
concernh it means a vulnerable globe.

In response to these interconnected challenges, theSEACARAIliance was established in 2023 out of a
OOEOOI NE NEEC EOO A @gNIxEC !'x2 NAOOAxI UE ANC AEENCA
awarenessand foster meaningful collaboration. Tapping into the collective knowledge and experience of

Southeast Asia, SEACAR aims to bridge gaps aoss sectorscontributing to successful A&R action.

)N xET O EIl 6O0x OEOOOEAx|I UEA UE EI EET1EEx xEE OOI E OE
urban centres are particularly vital h over half of the population resides in these areas, and they serve as the

heart of socioeconomic, administrative, and governmental activities. Yet, the preparation is alarmingly

inadequate. Only 25 out of 127 cities in the region have clear adaptation plans. Financial challenges further

hinder progress. The US$10.42 billion receivedrom both the public and private sectors between 2000 and

2019 only represents 1.6% of what is required annually.? With the prospect of 200 additional cities in the

region by 2050, the planning and development of cities will set the trajectory h either paving a path of

resilience or one of increased vulnerability for the region.

To effecti\N/er build climate resilieng e in Southeast Asian cities, we believ~e there is enormous potential to
i EUEOAEE xEE UOOI CT O ONbS, & techhoibgy infhe 10ren GfxAl t6 lp gordudd N O &
advanced analytics.
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Nature -based solutions

The region, with its ecological richness, is in a prime position to leverage NbS for A&R. Solutions such as
urban forests, mangrove restoration, and submerged aquatic vegetation, contribute to A&R by increasing
protection againstcoastal erosion, storm surgesand flooding, amongst others. NbS are also unique in that
they provide additional co -benefits such as natural carbon sequestration, biodiversity conservation,and
local job creation to name a few. Furthermore, integrating NbS with traditional built infrastructure is
emerging as an effective method to build climate resilience. An example is building a combination of
mangrove forests and seawalls to decrease wave energythereby protecting against coastal flooding and
erosion.

NbS has been growing in popularity among the public and private sectors, but there exists a significant gap
in adoption. In 2020, NbS received only 0.3% of overall spending on urban infrastructure, and investments
are unequally distributed across and within cities .> Several challenges exist hindering NbSscalability to
achieve our climate goals. These challenges include difficulty in measuring impacts its vulnerability to
changing climate dynamics, and complexity in reaching consensus among a wider range of stakeholders.
Nevertheless, given its potential, NbS suitability and application should be thoroughly assessed and applied
as part of broader A&R strategies. NbS can contribute to potential cost savings ofUS$393 billion by 2050 in
developing countries.* This provides promising options for the region. As with all A&R measures, NbS
should be thoroughly assessed in each context to guard against maladaptation.

Climate Al

Technology in the form of Al and advanced analytics, when applied to climate data, provides
transformative insights in the realm of climate action for adaptation. These technologies offer enormous
benefits in decision-making support. For example, simulating varying climate scenarios and quantifying the
cost of inaction to people, the economy, and nature enables better prioriti sation and optimal resource
allocation towards A&R projects and programmes. In the remainder of this publication, we will refer to this
as Climate Al.

In a case studyfrom the Philippines, for example, Climate Al was instrumental to quantify the social,
economic, and natural impacts of sealevel rise in a local municipality. Findings include the number of
people at risk, cost of inaction in GDP terms, critical infrastructure (e.g., hospitals and school9 and natural
assets (e.g.wetland areas) exposed. These insightdelp the prioriti sation of specific vulnerable
communities and economic sectors,identifying opportunities for private -public partnerships and potential
sources of funding for A&R. Beyond higher resolution risk assessmentsClimate Al can also be used to build
early warning systems, strengthen infrastructure, predict large-scale migrations and preserve biodiversity,
amongst others.

Despite its substantial potential, Climate Al still faces some notable limitations. These include challenges in
data availability and uncertainty , limited data accessibility due to technological infrastru cture constraints
and the technical capacity needed to apply Al for climate A&R where it is most needed. Notwithstanding
these challenges, rapid progress is being made to ensure responsible and effective integration of Al into the
climate A&R efforts.

One fundamental aspect to consider in the deployment of these adaptation and climate-related solutions is
the interrelation of various risk factors. Recognising these interactions and relations is essential for decision
makers. It is critical to understand both opportunities and challenges for solutions with multi -faceted
impacts across multiple risks. The understanding of how risks intersect and affect each other can lead to
more comprehensive and effective strategies for climate adaptation.

SOUTHEAST ASIA CLIMATE ADAPTATION AND RESILIENCE 6



Combining nature and Al to build A&R for Southeast Asia

While nature and Al are high -impact solutions to adaptation, we b elieve the combination holds great
potential to bring about transformative change for the region. Therefore, consolidating learnings from the
collective experience of the SEACAR Alliance and several case studies from across the globe, Chapter 5
offers a playbook to actionably combine and deploy NbS and Al for A&R in Southeast Asian cities.

This playbook is designed as a simple framework involving three primary phasesh each of which contains
specific substeps leveraging nature, Al and collaborative action, and case studies that depict how these are
implemented in real -world settings.

1. Planning: Engage diverse stakeholders such as local communities, academia, and governnrgal
bodies; undertake rigorous climate risk modelling and assess the natural landscape and its value.

2. Financing: Involve relevant entities, devise strategies for funding, and emphasiseproject
prioriti sation.

3. Implementation: Ensure consistent stakeholcer engagement, conduct technical assessments of
priority A&R solutions, and create mechanisms for ongoing monitoring and learning.

In this light, our perspective is not just an analysish it is a call to action to stakeholders from across sectors
to collaborate, leverage, and take full advantage of the potential of these solutions for climate A&R,and
deliver meaningful outcomes for 3 Odx EEAOx ! Ol AT O | OBONEU xO OEOI I | EN.
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Southeast Asiais avibrant region comprised of 11 distinct nations with significant combined economic,
social, and cultural importance. The region is woven together by a rich tapestry of history, culture, and
innovation, with each nation standing asa distinct entity . [Exhibit 1.1]

Diverse landscapes from lush forests to bustling cities, varying socioc-economic backdrops, and rich cultural
heritages coalesceto give Southeast Asia its undeniable character. Yet, beneath this tapestry, lies a

concerning threadh x EE OEE]I ONT O AAGxE U@I NEOAAT T1 xU xO A1 bPAx
ranked as the top 15 most climatethreatened countries worldwide .> The shared experience of rising

temperatures, coastal flooding, droughts, and heatwaves casts a shadow oveour collective future.

4EE 1 DPOT I £ZAx1 ONO AOE NOx i @0x ENUI OONPENxAT @ 4EEOE
and population. Yet, despite the looming threats, comprehensive A&R measures across the region are more
aspirational than reali sed. Less than half o the countries have formulated an adaptation plan, and most

lack the critical components necessary for effective action, such as datadriven decision-making, a pipeline

of bankable projects, and private sector involvement.

Exhibit 1.1: Southeast Asia asa global economic, labour, and biodiversity powerhouse

et atate

AN :\/’:::J =~
o o / \
Economic and Attractive Vibrant Ecolo
trade powerhouse labour force gy
4th Largest economy 3rd Largest labour pool in 3 Transboundary
projected by 2030 the world ecologically
connected areas
B O _o o Wage levels are more Home to Coral Triangle,
?f;d? ci%fﬁﬁfe global ('DE)HH‘ attractive than other 9><@» Heart of Borneo and
O S 72211 Asian counterparts Lower Mekong Basis

Economic powerhouse and global trade giant

By 2030, Southeast Asia is projected to be the fourthlargest global economy with an anticipated GDP of
US$7 trillion, trailing only the United States (US), China, and India .° Within the context of emerging
markets, it has consistently outperformed, boasting the swiftest economic growth. Additionally, th e
International Monetary Fund (IMF) projects that the region will have a GDP growth of 4.9% by 2028,
surpassing the global projection of 3.1%/

As the region continues to gain traction in global trade, Southeast Asia is set to become an even stronger
economic player on the world stage. The increasing need to diversify global supply chains, combined with

xEE OEEI ONT O AxxOAZEx1 UE bA NuttieA @8 I0I0F QIEEZEO)Ox &I G NGO GHAB
Southeast Asia GDP growth will surpass that of theglobal GDP growth. [Exhibit 1.2.]

9 THE MIGHT OF NATURE AND THE POWER OF TECHNOLOGY:
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Exhibit 1.2: Global trade corridors

Future of Trade 2031 Outlook
Change in trade of goods, major corridors®
2031 vs 2021, in constant 2021 USS Billion
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trade flows 2031 vs 2021, USS Billion X Represents trades with ASEAN [ 507% 505,

*Corridors in the map above represent ~46 % of global trade.
Note: EU Intra trade estimated to grow by 1.5T US$ by 2031 CAGR 1.8%; inflation adjusted
Source: UN Comtrade, Oxford Economics, IHS, WTO, BCG Global Trade Model 2022, BCG analysis

30BxEEAOx | Ol Al s@adiygroving,afiheAeQien gériie® attention for being both an
attractive trade party and a reliable investment destination. Several of its key trade sectors are already
integral components of global supply chains:

1 Semiconductors. Efforts to diversify the global supply chain have benefited Thailand and Malaysia.
Singapore is also poised toreap similar advantages in the coming years.

1 Metals and mining. With production on the rise in Malaysia, Indonesia, and the Philippines, major
automotive players are increasingly incorporating Indonesian nickel into their battery supply chains.

9 Additional sectors. There is a noticeable growth across sectors such as consumer growth,
DPANGEAAEx @Ol NEA ANC AEOI A21 x@OEA EIEEIT I EEx]I NE xEE

Competitive labour advantage

Southeast Asia is currently home to more than 670 million people. By 2030, this number is expected to rise
to 720 million, making it the third -largest populated region globally.

With 67% of its populace within the working age bracket,® the region is expected to emerge as the secone
most rapidly expanding labour market globally in the lead -up to 2030° The number of individuals eligible

to work will continue to rise, spearheaded by nations like Indonesia and the Philippines. This surge
corresponds to an escalating demand for employment, subsequently moderating labour costs. According to

a Japan External Trade Organization (JETRO) survey, wage levels in most Southeast Asian nations are lower
than in other Asian counterparts, including South Korea, Taiwan, and China, thus boosting competitiveness.

P U

GiventEE OEEIT ONV O fad@abie busidedsienvifohntiént, it is possible to forecast an influx of
EOOEI EN 1 NUEOxDPENxO 1 gOEC lahdir ofed@x EEAOXx | O1 A1 O AOPOE
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Biodiversity hotspot

The region is a bastion of biodiversityh it is home to an impressive array of flora and fauna, both on its
terrains and beneath its waters.

1 The Coral Triangle is the most biodiverse marine region that includes the Philippines, Malaysia,
Indonesia, Papua New Guinea, Timor-Leste, and the Solomon Islands. The area is named after the
number of coral species with diversity spanning more than 500 species and a staggering 2000
species of reef fish Six of the seven species of marine turtlescan also be found in the Coral Triangle.
Almost 120 million people live in and rely on the marine resources that the Coral Triangle provides
for sustenance, livelihoods, and protection.

1 The Heart of Borneo refers to one of the largest transboundary forests in the world, and extends
into the territory of Brunei, Malaysia , and Indonesia on the island of Borneo. The forest covers the
size of Victoria in Australia or the whole of England and Scotland put together. The forest is not only
a natural treasure, but it also provides life and livelihood to 11 million Borneans.

1 The Mekong River region encompasses transboundary landscape#habited by more than 20,000
species of plants, 1,300 bird species],000 speciesof reptiles and amphibians, and 500 mammal
species.The Lower Mekong Basin traverse Myanmar, Lao PDR, Thailand, Gambodia, and Vietnam.
Many rare, threatened, and endemic specieslive in the region, including crested gibbons, forest
pheasants, box turtles, the Irrawaddy dolphin and the elusive saola.

4EE OEEI ONT O DAOI NE Al OCIOBEQEIDx B EIOOI BEOONED HOUE OA B
the regionishometoonex E1 OC OE xEE UOOI ¢V O PANEOOUEOA OEAEOAO(
source of 80% of worldwide aquaculture production and 60% of global capture fisheries*®

Preserving biodiversity is critical in ensuring the health of ecosystems that yield manifold socio-economic
AENEE]I x0&4 OOANNI NE OEAxO0OO 111TE AEOI A2l x@OEA EOOEOx
thriving ecosystems contribute to global imperatives such as climate regulation and carbon sequestration.

Notably, Southeast Asia boasts the largest blue carbon stocks in the world, offering an essential carbon sink

seagrass meadows, the need to protect these ecosystems extestheyond the region to the rest of the world.

11 THE MIGHT OF NATURE AND THE POWER OF TECHNOLOGY:
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Southeast Asia, while rich in its offerings to the world, faces formidable threats from climate change. The

World Risk Index, which evaluates the disaster risk of 193 countries, places four Southeast Asian

countriesh Philippines, Indonesia, Myanmar, Viemamh 1 N 1 xO x00 ¥o 11 0Ox4& @NCEOO
vulnerability. [Exhibit 1.3.]

Exhibit 1. 3: World Risk Index 2023

Rank Country Risk
1. Philippines 46.82
2. India 42.31
3. Indonesia 41.46
4, Colombia 38.37
5. Mexico 37.55
6. Myanm'ar 35.49
7. Mozambique 34.37
8. China 28.70
9. Bangladesh 27.90
10. Pakistan 26.75
11. Russian Federation 26.54
12. Vietnam 25.85
13, Peru 25.41
14. Somalia 25.07
15. Yemen 24.26

Source: WorldRiskindex 2023

Several climaterelated hazards persist across the region. The most common of these are heatwaves, rising
land temperatures, coastal flooding, and droughts that affect agriculture. [Exhibit 1. 4.]

SOUTHEAST ASIA CLIMATE ADAPTATION AND RESILIENCE 12



Exhibit 1. 4: Climate hazards in Southeast Asia

Lao PDR

Observed increase in extreme rainfall events,
drought, and flood event

Philippines

Myanmar
= Susceptible to cyclones due to location in typhoon belt
Observedincrease in sealevel rise, extreme rainfall

I events, hot days, droughts, forest fires, change in
\_‘ Vietnam @ & typhoon behavicr

! High coastal population
Observedincrease increases in droughts,
extreme rainfall events, super typhoons and
| typhoon period

Observedincrease in intensity and landfall of
cyclones, droughts, and floods

Thailand

Observed increase in sea level rise and rising
temperature damaging to agriculture and business

Riverine and extreme rainfall floods, high
rainfall variability, and droughts

Observed rising trend of extreme precipitation,
flooding and sealevel rise

Observed rise of frequent and significant flash
floods, forest fires, strong winds and landslides

Observed rising trend of extreme precipitation,
urban heat island effect and sea level rise

] -

Highest population of people living below tideline.
Observed increase in ENSO episodes, coastal
flooding, rising temperatures causing more wildfires

A |
: - T “ Coastal Z Riseland * Coastal ‘
— . - rban oasta P ise lan oasta .
kJ:) Heatwaves sea level rise Heat Island flooding r‘j) temperature : erosion "I" Fire weather
" Tropical . H . Agricultural River, inland " Hydrological . “ . Reduced
i ropica i eavy gricultura iver,inlandor| - .. ydrologica o - ) educe
{ cyclones LI) precipitation N drought flash Flooding | drought ’? Landslides (‘? rainfall
Note: Non-exhaustive
Source: ASCCR; IPCCARG6; WHO Climate and Health reports, Em-dat 2022, BCG analysis
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Climate impacts in Southeast Asia

Climate challenges impact the region in various ways. From an economic perspective, there istangible
damage to infrastructure, productivity loss from extreme heat, and costs associated with relocation and
business disruptions. Socially, climate risks bring about physical and mental health repercussions, as well as
impacts on well-being with damage to homes, loss of school days, and threats to food and water security.
Environmentally, habitats and species suffer losses which has a ripple effect on society and the economy
due to the attendant disruptions to ecosystem services. Aother direct consequence of these hazards is
climate migration, leading to further impacts such as heightened resource conflicts, intensified demographic
and cultural disparities, and an increased vulnerability to crimes and human rights violations. Criti cally, it's
the vulnerable populations h those with limited adaptive capacity and resourcesh who bear the brunt of
these climate risks.

According to the UN Office for the Coordination of Humanitarian Affairs (OCHA), this is already occurring .

It highlightsT 4 EE 3 O0@xEEAOx | O AN E£O@NxOI EO Ul xE xEE EIl EEE(
disaster in 2021 were the Philippines (5,681,000) Indonesia (749,000), Vietnam (780,000) and Myanmar
(158,000).Although Southeast Asia is known as beirE A 1 E O acutd €seriveathdd évents, it is also
vulnerable to the effects of more chronic environmental degradation or slow onset events. For example, the

large low-lying coastal areas of the region3 such as in Vietnam, Thailand and around the Mekong delta 3

are already being affected by sea level rise and its impacts on settlements through coastal erosion and

saltwater intrusion @'

2EZAENx OEOEAOQOALZE EOxI DAxEO @O0 atxisk of baing wiged awdyb@theElmat® x | O
crisis and natural hazards by 2050* The Philippines, Cambodia, and Lao PDR face the greatest losses, with
potential yearly reductions of 8 -9% of their GDP annually under an RCP8.5 scenario[Exhibit 1.5.]

Exhibit 1. 5: Average annual loss across Southeast Asia

Average Annual Loss (AAL)

Country AAL unit
1.5°C (RCP2.6) 2°C (RCP4.5) 4°C (RCP8.5)
Brunet USS, Millions 82 97 108
runet % of GDP <1 <1 <1
. USS, Millions 1,530 1,797 2,035
Cambodia % of GDP 6 7 8
Jones USS, Millions 31,224 37,081 44,238
Indonesia % of GDP 3 4 4
USS, Millions 1,077 1,274 1,429
Lao PDR % of GDP 6 7 8
" USS, Millions 3,864 4628 5.293
yanmar % of GDP 2 3 3
s USS, Millions 7,694 9,140 10,286
Malaysia % of GDP 5 6 7
Philion; USS, Millions 20,822 24,651 28,533
ippines % of GDP 6 7 9
G USS, Millions 354 418 468
ingapore o GDP <1 <1 <1
. USS$, Millions 13,041 15,237 17,807
Thailand % of GDP 3 3 4
) USS, Millions 11,423 13,781 16,375
Vietnam % of GDP 5 6 7

30080FE& 5N xEC . Ax1 ONO %ZONODPI £ ANGC 304& Al #0DDI 001 ON EOO ysisODI A AN«

Further economic setbacks arise from decreased productivity due to heat stress. By 20, an estimated 18%
increase in lost working hours and an 88% surge in productivity loss from 1995 levels are projected.
Cambodia, Thailand, Vietham, and Lao PDR, with sizeable agricultural and construction workforces, are
particularly vulnerable. [Exhibit 1.6.]
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Exhibit 1. 6: Impact of heat stress on working hours, productivity, and jobs in Southeast Asia

Projected working hours lost, loss of productivity and full-time
loss due to heat stress

+18% +88%
v '
4 12,999
3
6,913
I 1995
2030 (projected)
Working hours lost due to heat stress (total, %) Loss of productivity by 2030 (full time jobs, 000)

3

2

1

0
Brunei Cambodia  Indonesia Lao PDR Malaysia Myanmar  Philippines Singapore Thailand Vietnam
Darussalam

Note: 1. Data is based on 1.5C pathway (RCP2.6). Current trajectory of warming likely will exceed 1.5C pathway

The methodology used does not take into account Urban Heat Islands or heatwaves. Consequently, it is likely that the resultspresented here
underestimate the magnitude of labour productivity losses for highly urbani sed countries and those with high degree of employment in service
sector e.g., Singapore.

Source: International Labour Organisation (ILO) 2019, BCG analysis

Over 50% of the populations of Vietnam, Thailand, Philippines, Myanmar, Malaysia, and Lao PDRare
anticipated to face exposure to climate-induced disasters leading to death, displacement, or diseases, due to
susceptibility to multiple climate hazards with 4°C temperature rise. [Exhibit 1. 7.] These underscoresclearly
that every feasible mitigation effort must be taken to ensure average global temperatures do not exceed the
1.5°Climit. As we seek to adapt to a 1.5°C world, there must be matching efforts to reduce GHG emissions
to secure this future. Adaptation and mitigation are two sides of the same coin. Failure in either will result

in a greater extent of loss and damage.
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Exhibit 1. 7: Southeast Asian populations at risk of climate-induced disasters with 4°C temperature rise

Population negatively affected under 4°C pathway, %

100
Due to difficulties in predicting the full impact, we adopted a
conservative approach in estimation, i.e., basing it on 4°C scenario as an
indication of the broad impact 87
69
66 66
60
54
40 41
40
20
0

Cambodia Indonesia Lao PDR Malaysia Myanmar Philippines Thailand Vietnam

Note: 1. "Affected" is defined as death, displacement or diseases due to climate related disasters 2. ‘Multthazard hotspots' defined as locations of
medium to high exposure to more than one climate risk and/or hazard 3. Data for Brunei and Singapore not available 4. .
Source: United Nations Economic and Social @ BBl OOl ON EOO ! Ol A ANC xEE OAZAl EI £-Data®2! 0z | :

Flood-related disasters are also projected to affect up to 600 million people under a 4°C pathway.
Cambodia, the Philippines, and Vietham are especially at risk, given their significant coastal populations.

Weather-induced hazards like storms and floods have displaced more than 65 million people in the past
decade. As climate risks amplify these events in both frequency and severity, displacements will escalate,
leading to challenges such as increased competition for resources, potential civil unrest, andheightened
vulnerability to criminal activity and human rights violations. [Exhibit 1. 8.]

Exhibit 1. 8: Weather-induced displacement in the last decade

Disaster Extreme
displacements Storms Floods Landslides Wildfires Droughts temperatures  Earthquake Volcano Landslides
2,400,000
18,800,000
46,300,000

Climate risks are likely to worsen

weather-related disasters’

frequency and severity

69,087,500
6%
Weather-related B Geophysical

Source: International Displacement Monitoring Centre (IDMC)
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All climate pathways (1.5°C/2.0°C/4.0°C) project a medium to very high habitat loss in the region,
threatening food sources and reproductive conditions for diverse plant and animal species.** [Exhibit 1.9.]

Exhibit 1. 9: Present and projected habitat losses across three climate pathways

Present day 2.0°C pathway
Present habitat loss at [ Present habitat loss at
+1.09°C global warming T # +2.0°C global warming
level " 3, . ! P lev:L
o
. e ALY :
~ .
.. 2 - i
o ‘ - ’V N

RS “. / level\
3

Present and projected habitat losses of climatically suitable area in terrestrial biodiversity hotspots

Projected loss for present day (around 1°C warming) and at global warming levels of 1.5°C, 2°C and 3°C. Maps show the regional distribution of losses in five
categories of loss (very low loss 0-20%, low loss 20-40% medium loss 40-60%, high loss 60-80%, very high loss 80-100%). The clusters of circles show losses in the
five categories of loss in each of the 143 hotspots areas of high importance for terrestrial biodiversity conservation with circles scaled by area size.

Source: IPCC AR6WGII Annex |

1.5°C pathway - \ 4.0°C pathway

Present habitat loss at i . ” Present habitat loss at

+1.5°C global warming - +4.0°C global warming
level A r

Furthermore, as global warming intensifies in Southeast Asia, an essential biodiversity hotspot, the
existence of over 4,000 plant and animal species is at potential risk. [Exhibit 1.10.]

Exhibit 1.1 0: Climate change further exacerbates the risks to ~4,000 threatened plant and animal species

Threatened animals (No.)

1,000

317
500

Brunei Cambodia Lao PDR Indonesia Myanmar Malaysia Philippines Singapore Thailand Vietnam

Darussalam

Threatened plants (No.)

1,000
727
500 458
254 231
127
37 56
o | —
Brunei Cambodia Lao PDR Indonesia Myanmar Malaysia Philippines Singapore Thailand Vietnam
Darussalam

Note: Species assessed as Critically Endangere(CR), Endangered (EN) or Vulnerable (VU) are referred to as "threatened" species
Source: World Bank Databank, assessed 2022; International Union for Conservation of Nature (IUCN) Red List of Threatened Spetes, 2019
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Crossborder climate risks

4EE I NxEOEAONNEAXEC NAx@OE OE 30QOxEEAOx ! Ol A1 O EEOEOD
that transcend national borders.

The issue of transboundary haze pollution has grown notably in prominence, impacting Indonesia, Malaysia,
and Singapae. Originating from smouldering peat fires due to unsustainable agricultural practices, the
problem is further aggravated by climate -driven shifts in rainfall patterns. Drier seasons, which are anticipated
to become more frequent, are expected to magnify the intensity and duration of tr ansboundary haze?!®

Water quality, too, is an issue that is not limited by national borders. For example, the Mekong Delta in
Vietnam has faced declining water quality and saltwater intrusion. Unusual weather patterns altered water
levels, and dam projectsby China and Lao PDRintensify these challenges. Such issues not only negatively
impact farming communities but have also triggered migration away from the Mekong Delta. ¢

Presently, most climate-induced migrations are within national boundaries. However, it is anticipated that
the Greater Mekong subregion, encompassing Vietham, Cambodia, Thailand, andLao PDR, will see a surge
in crossborder migration. A report by the World Bank estimates that by 2050, the lower Mekong subregion
could witness between 3.3to 6.3 million new climate migrants. ** Such movements can lead to heightened
resource competition, potential civil conflicts, and increased human rights violations.

Moreover, the global supply chain remains vulnerable to disruptions caused by climate hazards. The 2011
floods in Bangkok demonstrate this vulnerability. While the direct economic impact on Thailand was
approximately 1.1% of its GDP, its ripple effects extended far beyond Thailand. Over 550 Japanesaffiliated
companies faced disruptions, which in turn affected factory operations in Indonesia, Malaysia, and Vietnam.
In total, this event resulted in an estimated decline of 2.5% in global industrial production that year. 2
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The SEACAR Alliance aims to build A&R across six key themes which correspond to sectorsnost impacted by climate hazards. These themes are especially
Ol ENT ET Z#ANXx xO 3 O@xEEAOx ! Ol A1 6 0@0OUl UAT ANGC CEUET OOPENx& AO CExAITEG I

Theme Significan ce Nature of climate hazards Example
Agriculture ' Agriculture is pivotal to the region, | This sector is highlyvulnerable to the In the Philippines, from 1990 to 2006,
ensuring food security for its vast increasing frequency and severity of extreme damages to agricultural production
population, while also being a major weather events such as erratic rainfall, averaged US$227 million annually.
contributor to GDP and employment. drought-driven water shortages, and flood- Typhoons were responsible for 70% of this
induced soil erosion. damage, droughts 18%and floods 5%%
9 It accounts for approximately 15% of
'$0 ANC yo> OE 1| O/f Sucheventscompromise crop yields and Prolonged drought caused supply
five primary agricultural economies. *° livestock productivity. disruptions in palm oil production and
caused a significant impact on the
Malaysian economy in the fourth quarter of
20109.
Water 1 Water, vital for human survival, serves { Climate changes threaten water In Vietnam, saltwater intrusion in the
as a crucial resource for drinking, availability and quality through factors like Mekong Delta has intensified since 2016,
sanitation, and hygiene. erratic rainfall, flood -driven saltwater persisting for four months compared to the
intrusion, temperature -induced algal usual one month. Factors include sea level
. . blooms, and degradation of ecosystems rise, drought, and unpredictable weather
T Italso underpins sectors like such as forests and wetlandswhich

19

agriculture, manufacturing, and
energy, highlighting its economic
significance.

provide water services like storage and
water quality .
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patterns. This phenomenon affects both
agriculture and household water usage.

On 16 December 2021, torrential
downpours landed on the eastern coastof
Peninsular Malaysia which later spread
across the whole pennsula, resulting in a
I ONilEEE/EENXx @ OUT ElTdb@Ca x
month and displaced over 125,000 people.
Malaysia was not prepared for the calamity,
leading to victims being trapped on the roof
for several days in wait for rescue.



Theme Significan ce

Nature of climate hazards

Example

Health ' Apart from the direct impact on life 1

and well-being, climate-induced health
issues strain economicactivities by
driving up healthcare costs, diverting
resources from other economic areas,
and reducing worker productivity. T
Loss of productivity is expected to
increase by 88% by 2030 from 1995
levels. 1

Ecosystems | Ecosystems deliver vital services such |

as carbon sequestration, water
regulation, and soil stabili sation.

1 They furnish critical habitats
supporting agriculture, fisheries, and
tourism sectors. i

1 They also serve as naturaldefence
barriers against extreme weather
events, safeguarding coastlines from
erosion and storm surges.

SOUTHEAST ASIA CLIMATE ADAPTATION AND RESILIENCE

Physical health: There is a surge in heat
related illn esses, waterborne diseases,
and vector-borne ailments.

Mental health: Disasters, displacement,
and loss escalate psychological distress.

Healthcare infrastructure: Climate events
strain healthcare capacities, damage
facilities, and pose challenges to the
system.

Rising sea levels reduceE £FOOUOXx EDY
capacity to serve key functions. For

instance, submerged mangroves cannot
offer protection and become

uninhabitable for fish and other wildlife.

Heavy rainfall intensifies flooding and
soil erosion, which degrade forest habitats
and increase tree mortality.

Dry spells and heatwaves can also cause
forest fires and severe haze that impact
human health due to an unhealthy air
pollutant index (API).

20

In April 2023, continental Southeast Asia
faced a oncein-200-years heatwave, caused
by climate change. This led to a spike in
hospitalisations and fatalities. Although
exact numbers remain uncertain, if this
trend persists, the ensuing two decades
could see an increase of 30 deaths per
million in Thailand and Myanmar, and 40

in Cambodia.?

In the Coral Triangle marine bio -ecoregion,
warming sea surface temperatures,

amplified by El Nifo, triggered coral
bleaching in various areas, especially the
coral reefs in Malaysia, Philippines
(Masinloc Fish Sanctuary and the Tubbataha
Reef in the Sulu Sea), and Indonesia.



Theme Significan ce Nature of climate hazards Example

Infrastructure  q |nfrastructure underpins our quality of { Rising sea levels threaten coastal cities ~ { In Indonesia, approximately 23 million
life, facilitating essential services like and settlements, potentially causing people residing in coastal cities, along with
housing, education, healthcare, damages to buildings, transportation a significant portion of Jakarta, face
transportation, water, sanitation, and systems, bridges, and more. potential inundation risks from rising seas
energy. by 2050. Sea level rise has already impacted

. . : *AUAT O EOAOGxAT AOEAOA
. _ _ _ 1 Increased flooding heightens the risk of and Karawang 2
1T)x 1O Ol UOxAI EOO landslides and erodes the foundations '
development, fuelling growth across where vital infrastructure stands.
various industrial sectors. | Severe weather events can displace
communities and cause damage to
buildings.

Trade I Trade within and outside Southeast 1 Rising sea levels and flooding can damage  Experts project that El Nifio will worsen in
' Ol A Ol ENI EI AANXx 1 U trade routes, including roads, bridges, 2023 and 2024 inSoutheast Asia, reducing
economy, with an impressive ~US$3 ports, railways, and airports. rice production and affecting global trade
trillion in goods traded in 2021 alone® and food security, as Thailand and Vietnam

o : are major rice exporters.®
9 Erratic rainfall alters water levels, posing
91 The region is poised to surpass global challenges to maritime navigation.?*
trade growth due to pressures to
diversify global value chains and o .
Vg 9 The intricate web of global value chains

21

attractive manufacturing costs.

magnifies the effect of climate
disruptions, as impacts in one region can
ripple across and impact another.
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A&R status in Southeast Asia

Despite the climate challenges faced by the region, Southeast Asia remains severely underprepared. Four
countries in the regionh Cambodia, Myanmar, Lao PDR, and the Philippinesh rank in the bottom 30%
globally for climate hazard readiness. [Exhibit 1.11.]

Exhibit 1.1 1: Southeast Asian countries are underprepared for climate hazards

Country Vulnerability' Ranking # Readiness? Ranking # Income group
Brunei Darussalam Upper
Malaysia Upper middle
Singapore Upper
Thailand Upper middle
Indonesia Lower middle
Philippines Lower middle
Vietnam Lower middle
Cambodia Low
Lao PDR Lower middle
Myanmar Lower middle

Timor-Leste

Low

1. Vulnerability relates to Exposure, Sensitivity, Adaptive Capacity. Lower ranking indicates lower level of risk. 2. Readine ss relates to level of
Economic, Governance,and Social readiness. Lower ranking indicates higher readiness 3. National adaptation plan, policy, strategy, or law in
place; Countries with no national adaptation plan, policy, strategy, or law may have an existing climate action plan with A&AR embedded
Note: Colour categories based on 3 equal distributions by ranking in the Climate Vulnerability and Readiness list

Source: Notre Dame Global Adaptation Initiative 2019 data, Based on 182 countries, UNFCCC, BCG analysis

Though there is growing attention to climate action in the region h as evidenced by nationally determined
contributions (NDCs) that pinpoint adaptation priorities in Southeast Asian countries h there remain
substantial gaps:

1 The majority of climate strategies emphasisemitigation, often side-linin g A&R; notably, only two of
11 countries have put forth a National Adaptation Plan (NAP) .

1 Current disaster risk management often responds afterthe-fact instead of taking preventative
measures.

i Effective action components are missing in adaptation strategies, such as datainformed decision -
making, a pipeline of bankable projects, clear financial requirements, and robust involvement from
both the government and private sectors. [Exhibit 1.12.]
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NDC identify financial
needs for implementing  NDC mention loss and NAP submitted to
NDC identify adaptation  adaptation priorities damage from climate UNFCCC as of 20 Nov
Country priorities identified change 2023

~&, Brunei (BN) N N Y N

u Cambodla (m) S
— |ndones1a(|[))
n Laos (LA) e

EE Malaysia (MY)

—yrom— (MM)
= Philippines (PH)

smgapo,-e (5(3)
E Thaﬂand‘TH)
n thnam{vm e
T1m°rLeste‘TL} S
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Z < Z Z Z < Z2 Z Z <

Note: Outside-in analysis, subject to validation by relevant stakeholders
Assessment of status ranked in order of data availability, adaptation strategy, national adaptation plans, expert input.
Source: UNESCAP Risk and Resilience Portal, 2022; Country policy papers, BCG analysis
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Southeast Asia is uniquely positioned to coordinate regional A&R against climate change. Common climate
hazards such as hatwaves, increasing land temperatures, coastal flooding, and agricultural drought affect

many countries across the region. Moreover, numerous climate hazards are transboundary in nature,

impacting the entire region rather than individual countries. A unifi ed narrative for Southeast Asia can

APOiT 1 EU xEE OEEI ONT O Ol ENIT EI ZANAZE ANC U@i NEOGAAI T 1 xU

Historically, the region has thrived on collective strength. The Association of Southeast Asian Nations
(ASEAN), encompassing ten Southeast Asian contries as members and Timor-Leste with observer status
has been instrumental in facilitating collaboration. Within the realm of climate action, ASEAN has
published several critical reports such as the State of Climate Change Report and the Regional Plan of
Action on Adaptation to Drought. It has also fostered initiatives like the ASEAN Climate Resilience
Network, emphasisng agricultural adaptation, and the ASEAN Smart Cities Network, promoting smart and
sustainable urban development.

However, a glaring gap remains in regional coordination for climate A&R. Nations often act individually,
leading to a fragmented approach within the region. This fragmentation is often evident at global climate
events, such as COP27, where Southeast Asia was noticeably underrepsented, thus losing out on potential
funding and support opportunities.

There is an urgent need for A&R in Southeast Asia, as manyof its nations are already facing the impacts of

climate change. When referringtothe CEET N1 x1 ON OE 1 000 ANC CAPAEEA xEE
consequences of climate change that go beyond what people can adapt to, or when options exist but a
AODPDPEONI xU COEORNY x EAUE x Bdx EGEW®WOQ GEEO OADEA B DR O 1AD
damage is and will continue to harm vulnerable communities the most, making addressing the issue a

PAxxEO OE Ai 1 PAxE | @0x1 £E@1T , 000 ANC <GoAdnik bsses/EAN AE
Economic L & D Non-economic L & D
Lossof resources, goods, and services Individual losses and damages (losses to life, health, and
mobility)

Loss of income, property, and physical assets
Societal losses and damages (such as loss of cultural and
indigenous knowledge)

Environmental losses and damages (such as biodiversity
loss and damage to our ecosystem services)

It is against this backdrop that the idea for a regional coalition dedicated to bolstering climate A&R was
conceived. In 2023, three founding partnersh BCG, Think City, and WWFh established the SEACAR
Alliance. The SEACAR Alliance prioriti ses collaborative action and emphasises NbS, climate analytics, and
Al to enhance resilience in cities and communities across six crucial theme$ natural ecosystems,
infrastructure, trade, water, agr iculture, and health. [Exhibit 2.1.]

SEACAR differentiates itself from other initiatives by highlighting the combined potential of nature and Al

in addressing climate risks at a city scale. We believe that Southeast Asia is in a prime position to harness

the power of nature, climate analytics, and Al to accelerate this endeavour. The actions we take in cities

ANC EOPDP@NI xI EO UIT1T OEAOE 30@xEEAOx ! Ol AV O OEOITIE
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SEACARIs committed to building knowledge capital, drawing from current data, research, and scientific

insights on A&R. By collaborating with diverse stakeholders, it also seeks to harness regional expertise and
establish essential partnerships for the successfi CET 1 UEOU OE ! x2 OOl @x]1 ONO@ 3
Il x2 AEENCA xEOOQEE OEOOEOENxAxI ON Ax ET OAAT &1 PAxXE
collective resilience narrative as a call to action at these events.
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In the vibrant tapestry of Southeast Asia, cities emerge as bustling hubs of activity, innovation, and
influence. Their steady evolution has positioned them as indispensable nervecentresin our modern world.

However, as crucial as cittesA OE  x O x E E -gddadiiic @alric, they@iSodcéemounting climate
challenges. These urban environments not only generatea significant share of worldwide emissions, but
also find themselves on the frontline of climate -induced hazards.

While the gravity of their position is undeniable, the potential for positive transformation is profound. The
SEACAR Alliance believes that cities, combined with the power of NbS and cutting-edge tools like climate
analytics and Al, will be instrumentalin EOOET NE 3 O0@xEEAOx 1 Ol AT O OEOITIT EN

Cities as both catalyst and casualty

Cities play a dual role in the climate sagah while they contribute significantly to climate change, they also

face its most pressing consequences. Consuming over twihirds of global energy, cities produce more than

70% of worldwide CO2 emissions?® At the same time, they grapple with climate hazards like flash floods,

heat waves, intense rainstorms, extreme temperatures, and droughts.These challenges pose direct threats

xO xEE @OAAN 000 Axi ON xEOOQEE | NEOEAOEC EEAx ARNC
way with risks of flooding and severe weather events, and increase health concerns due to air and water

pollutio n.?’

In 2022 alone, climate-induced calamities caused damages nearing US$400 billion globally, with major cities
shouldering much of this cost?® Research from a C40 Cities study revealghose costsfrom climate events
approach US$200 billion annually for prominent cities within the C40 Network.?° This observation is echoed
by a BCG analysis, which highlights the acute and sustained physical climate risks that cities face. [Exhibit
3.1]

Exhibit 3.1: Physical climate risks faced by the travel, cities, ard infrastructure sectors

Indicative

Physical climate risks - Travel, Cities and Infrastructure sector

o0

Severe Troplcal Wildfire Winter Higher Sea level Water
storm cyclone storm/hail temp's rise scarcity

Travel, Cities and Infrastructure are the most vulnerable industries to physical climate risk

Drought Flooding Freezing

Low Risk I High Risk
Acute risks Chronic risks

Source: BCG analysis

Current climate threats are not mere predictions, cities are already living these realities. Yet, there is a
discernible gap in how they project future vulnerabilities. While 42% of hazards reported by cities are
anticipated to materiali sein the near term h aligning with current global experiences®h there seems to be
an underreporting of medium - to long-term climate risks.
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Existing city infrastructures and services are already strained due © rapid urban expansion. Adding to this
is the intensifying impact of climate change, along with socio-economic stressors magnified to a level that
could jeopardise governance and business operations. The cost of inaction is particularly high for Southeast
Asia, which is primarily made up of low - and middle-income nations. For these countries, the annual
damage bill for natural disasters on essential assets like power and transportation could reach a staggering
US$18 billion. Furthermore, infrastructure d isruptions on households and firms could skyrocket to an
astounding US$641 billion yearly.®

Southeast Asia's unique urban landscape also presents a pressing concern as a significant proportion of the
region's cities are coastal, rendering them highly sus@ptible to the detrimental effects of climate and ocean
drivers. Coastal cities and communities are at the forefront of climate risk, as significant ocean and climate-
related drivers such asrising sea levels, increasing frequency of severe stams, and precipitation
unpredictability lead to evident consequential physical impacts.®? Adaptation actions in these cities are vital,
as they face an escalating risk profile, making resiliencebuilding strategies an urgent priority.

Being reactive is not a feasible strategy. Addressing damage the wake of climate catastrophes is not only
challenging, but also exorbitantly expensive. Thus, it is imperative for countries to invest in making their
city infrastructure resilient from the start . In fact, making our infrastruct ure climate resilient from the
outset could result in savings amounting to US$4.2 trillion for developing nations over the long run. *

However, a glance at the global landscape reveals a disheartening picture. Only 459 out of 812 cities which
have disclosal data through the Carbon Disclosure Project (CDP) worldwide have A&R strategies in place
About 9,000 cities have not disclosed to CDE** and many of these often overlook climate risks or actionable
countermeasures. Furthermore, only five out of 35 countries under the Organisation for Economic Co-
operation and Development (OECD) have modified at least one building code to account for climate risks.*®

For Sautheast Asia,manyE1 NEEO ON 1 xO /£l x| Edpdatidn ddll GrbaB drdashomeE\With O E E |
urbani sation showing no signs of slowing down, cities are expected to house nearly 68% of the population
by 2050.*° This urban concentration is not just about numbers, but also about influence:

T #1 x1 EO AOE OEOOONOI ATE EOO s¢f¥> OE xEE OEEI ONYT O
40% of its future GDP growth.®’

9 Cities serve asepicentres for essential services such as healthcarand education, alongside venues
for recreational, religious, and cultural activities .

9 Cities are the nerve centres for governmental operations, housing key government agencies,
parliaments, and judiciaries.

Given their critical role, it is evident that ci ties and their administrations have a monumental role to play in
driving climate action and spearheading the A&R movement. Their jurisdiction often includes systems
intrinsic to daily life, such as water, waste, transport, and energy, and they shoulder the weight of
safeguarding residents from an array of climate health threats.

On a more positive outlook, globally, cities are beginning to rally together, forming influential alliances to

champion sustainable practices and combat climate change. C40 CitiesUE1 AE AONNEAx O xEE |
megacities in a united effort against climate action, and the Local Governments for Sustainability (ICLEI),

an expansive network of over 2,500 local and regional governments championing sustainable urban

development, are prime examples. In addition, the Resilient Cities Network, backed by the Rockefeller

Foundation, helps cities to face physical, social, and economic challenges heagn.

Yet, a closer look at Southeast Asia reveals a concerning delay in A&R initiatives. Only 8 out of 127 cities
have reported to the CDP with clear adaptation plans. [Exhibit 3.2.] Furthermore, over half of the climate -
focused projects reported in the regionh covering mitigation, adaptation, and more h remain in the
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pipeline. Many are in their infancy, hovering at the scoping, pre-feasibility, or project feasibility stages, and
are in dire need of technical guidance and funding to advance towards implementation. [Exhibit 3.3.]

Exhibit 3.2: Southeast Asian cities that have reported an adaptation plan to CDP

Myanmar
0/4 ¢

Vietnam
3/12

Lao PDR
0/1

[

Thailand
1/29

Philippines
20/32

Singapore
1/1

L

Cambodia
0/2

Malaysia
3/11

Cities that reported an adaptation planto CDP

Indonesia

1. Jambi

2. Balikpapan

3. Bontang

4. Jakarta

5. Tanjungpinang

6. Bogor

7. Sukabumi
Malaysia

1. Iskandar

2. Seberang Perai
3. Kuala Lumpur

Vietnam
1. Ho Chi Minh
2. CanTho
3. Hanoi

Indonesia

7/34

Timor-Leste
0/1

Singapore

1

. Singapore

Thailand

1
Phil

1.

2
3
4
5.
6.
7
8
9
1

. Bangkok
ippines

Davao

Dipalog

Makati

Ormoc

Puerto Princesa
Quezon

San Carlos

San Frarcisco

. SanJose del Monte
0. Tagum City

Source: 2022 Cities Adaptation Plans, CDP; World Urbansation Prospects 2018, World Bank.
Note: Definition of cities in the World Urbani sation Prospects 2018 are urbanagglomerations with 300,000 inhabitants or more
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Exhibit 3.3: Climate-related projects reported to

Myanmar Vietnam
Nil * 4 projects
Lao PDR J W N Philippines
Nil N 32 projects
_
Thail-and Singapore
1 project . 6 projects
Cambod1:a R Indonesia
Nil 16 projects
P
Malaysia Timor-Leste
9 projects Nil

Exhibit 3.4: Over 50% of climaterelated projects require assistance to advance towards implementation

Project Sectors

14
11
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9 9
8
3
2
1 1
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No. of Projects
Source: Asia Pacific Cities Climate Finance Snapshot, CDP
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The reported projects fall under different project sectors. However, more than half of them is reported as
being at early stages of development (scoping, prefeasibility or project feasibility), requiring further
technical/funding assistance to advance towards implementation.

Even when initiatives are reported, there is a glaring imbalance in distribution. Of the 68 climate -related
projects that were reported to the CDP, over 70% were concentrated in the Philippines and Indonesia,
hinting at possible disparities in regional awareness, funding accessibility, and institutional capacities. This
imbalance is even more alarming considering that several countries in the region, particularly those with
lower to medium incomes, have not reported any climate initiatives at all.

Without structured plans and ready-to-implement projects, A&R strategies risk becoming disjointed,
suffering from a lack of coordination among stakeholders, and resulting in maladaptive outcomes. These
challenges are especially pronounced for developing nations, given theirincreased vulnerability to climate
impacts and their often limited institutional and technical means to incorporate climate concerns in
planning. Yet, this very limitation underscores the gravity and urgency of the situation.

10 30@xEEAOx | Ol AT O @OAAN T ANCOAEAOE AONx | HNeatkedwillx O EU
emerge within the next three decades®" U y+nfr & @OOAAN AOEAO AOGE TI1TEIT U x
populace. Every decision made today, everypiece of infrastructure built, and every policy formulated, has

profound implications for tomorrow. How we build these cities will determine whether we are able to steer

the region towards resilience or vulnerability.

Financial mobili sation remains a challenge, especially in light of disparities in climate initiative funding. In
20182019, Asia and the Pacific spent US$519.9 billion in climate finance. Southeast Asia only had a 5%

share (USP27.8 billion), with most of it publicly sourced through national, multilateral , and bilateral

development finance institutions. Mitigation projects in Southeast Asia accounted for 84% of its climate

finance, sevenfold the funds compared to adaptation efforts (12% or US$3.4 billion) .*°[Exhibit 3. 5] Despite

A1 EAO EUI CENZE EI EET 1 EExI NE 30@0xEEAOx ! Ol A1 O @OEENX
such projects remains insufficient. Southeast Asia needs to investUS$210 billion per year to construct
climate-resilient infrastructure tha t the region needs to maintain its economic growth, tackle poverty, and

address climate impacts® To rectify this, both the regional nations and global donors need to recalibrate

their commitments, ensuring that adaptation projects are not just viable, bu t are actively prioriti sed.
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Exhibit 3. 5: Estimated flows of urban mitigation financ e far outweigh those of urban adaptation finance

377

Project-level “

308

7

Mitigation and dual uses Adaption

Urban climate finance by uses, 2017-2018
(USS Billion)

Source: The State of Cities Climate Finance (Cities Climate Finance Leadership Alliance, 2021)

Mitigation, Adaptation, and Dual-Benefit Finance in Southeast Asia, 2018-2019
(USS Billion)

I 23.4 (84%) Mitigation
3.4 (12%) Adaptation
1.1 (4%) Dual-benefit

Source: ADB. 2023. Climate Finance landscape of Asia and the Pacific.

The road to climate resilience for Southeast Asia is undeniably intertwined with the fate of its cities. They
are the heartbeat of the region, where economic potential meets cultural richness, where governance is
centralised, and where the majority of the population resides. As cities go, so does the region. Recogsing
and responding to this pivotal role can determine whether Southeast Asia stands resilient against the
climate challenges of the future. The time for decisive, coordinated, and proactive action is now.
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Throughout history, nature has providedthe OOT @x1 ONO EOO DPANU OE E@DBANI x U1
multifaceted challenges of climate change, nature, unsurprisingly, has a compelling answer for climate

A&R, found in NbS. These solutions offer multiple additional benefits, including biodiversity conservation,
livelihood enhancement, and carbon mitigation .

Conversely, Al offers a relatively new technological development, reshaping industries and paradigmsh
including our approach to climate action. Within the field of A&R, Climate Al refines and enhances our
approach. It provides us with more precise risk assessments, elevates our prioriation strategies, and
guides better decisiorrmaking and resource utili sation.

For Southeast Asia, the real potential liesincad® AT N1 NE

. A3 Ul xE 1)1 O OOEGA& Ol Of

has already shown promising results, with notable applications observed in Kenya and Sri Lanka.

BCG 3 Climate Vision 2050: The
Mangrove Manifesto

The Mangrove Man_ifesto'

Click £an QRto
listen

EPISODE 6
)

i s s s

WWE

Listen to a fictional imagination of the
year 2050, where Southeast Asia is a glob:
leader in using NbS to address climate
challenges. Learn what it is like to live in
harmony with nature, and the importance
of beginning such efforts today.

The power of nature: An ancient solution for mod ern challenges

Nature has long provided solutions to many human challenges.
It stands to reason that nature also offerskey solutions for
climate A&R. For instance, trees can help manage flooding,
while coastal mangroves can mitigate the effects of storm
surges. Yet, as cities urbarseand land use changes, solutions
that harness the power of nature have become less common.
Instead, there has been a growing reliance on traditional
ENEI NEEOEC 1 NEOAOx OO ExgOEA AODDC
I NEOAOxOoAExOET & OOAE AO CAPOA A
concrete. While these structures often serve a specific purpose,

they can have downsides such as high energy consumgon,

disruption to natural ecosystems and processes and other
maladaptation effects.

Southeast Asia is primed to harness the power of nature

because of its wealth of natural assets. Despite covering only 3%

OE xEE UOOI ¢c1 O 0Ow@OE Aigrifiéant shar&of OE E |
xEE UOOI C1 O Ul xAl EAZAOOUOXxEBOY 4E
tropical forests, 35% of its coral reefs, 25 million hectares of

peatland, and a significant portion of global mangroves and seagrass bedd 31% and 33%, respectively?

The region contains several ecologically important areas such as the Coral Triangle, Heart of Borneg and
Lower Mekong Basin. The Coral Triangle is one of the most biodiverse regions in the world, with more than
500 species of coralsand spanning the Philippines, Malaysia, Indonesia, Papua New Guinea, Solomon
Islands and Timor-Leste. The Heart of Borneo is one of the largest transboundary rainforests that is still
intact and is being managed by Brunei, Malaysia, and Indonesia. The Lower Mekong Basin traverses

Myanmar, LaoPDRA 4 EAT T ANCA #APAOCI A4 ANC 61 ExNADG
AOEAO OE Al OClI UEOQOI xUQ@

UOOTI ¢cT O O1 ZEEOx

yx 10O x

As climate threats intensify in the region, so does the urgency to adoptNbS. The Fifth Session of the United

Nations Environment Assembly (UNEA-0 z

CEEI NEO .tdpBotedi, Gonderkefestor@ Nsdstainably

use and manage natural or modified terrestrial, freshwater, coastal and marine ecosystems, which address
social, economic and environmental challenges effectively and adaptively, while simultaneously providing
humanwell-AET NEA EZAOOUOxEDP OEOUI £ZEO ANC OEOI 11 ENEE ANC
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These solutionsalso offer advantages in adaptation, resilience, economy, nature, and societal weltbeing.
NbS can be categorsed into four main types: *®

1. Ecosystem protecti on. Focused on safeguarding marine, freshwater, and natural or semkinatural
terrestrial ecosystems Examples include reserves, conservancies, and locally managed marine areas.

2. Ecosystem restoration. Aimed at reversing ecosystem degradation to enhance ther productivity and
societal benefits. Reforestation is a prime example.

3. Ecosystem management. Holistic, comprehensive strategies for longterm ecosystem sustainability
that also address socioeconomic, political, and cultural needs. Examples include ecosyem-based fire
management and integrated coastal management.

4. Ecosystem creation. Interventions involving the establishment, protection, or management of
artificial ecosystems, such as nonnatural tree stands or created wetlands.

Urban NbS is also gaining traction to Click orscan QR Code to watch:
address multiple challenges

Exhibit 4.1: Examples of NbS for climate A&R

Terraces

Upland forests and slopes Rivers and floodplains Urban forests Agro-forestry

/\/\#_/

Ponds, lakes, and Other coastal
small water bodies Inland wetlands Mangrove forest wetlands Tree-lined streets

Submerged aquatic Sandy shores and
Reef ecosystems vegetation dunes

Source: World Bank
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NbS not only bolsters A&R, but also delivers multiple other benefits due to the essential ecosystem services
they provide. Some of these benefits include:

1. Carbon sequestration. Robust ecosystems, such as forests and oceans, function as carbon sinks,
absorbing and storing carbon through their rich vegetation. NbS could contribute to 20 -30% of global
costeffective strategies required to meet the emissions targets under the Paris Climate Agreement?*

2. Biodiversity preservation.  Effective protection, restoration, management, or creation of ecosystems
inherently safeguards the diverse life within h ranging from plants to animals. For instance, forest
restoration in Borneo and Sumatra does not just bring back tree species it also aids orangutans that
rely on these forests for sustenance and habitat*

3. Job creation. NbS offers longterm economic benefits, including the generation of sustainable jobs.
In Sabah, Malaysia, locals partner with the government in a Payment for Ecosystem Services (PES)
programme that remunerates them for sustainable water ecosystem management*®* Meanwhile, a
UlTTAEE I N )NCORNEOI AT O 7EOx +AT 1 PANxAN DPANAEEO
agroforestry and honeybee businesses, yielding monthly profits of US$22,000"

4. Water security. NbS helps ensure consistent water supplies by conserving natural water systems. For
example, China preserves its watershed to guarantee water for over 400 milion residents in the Pearl
Delta, emphasisng sustainable agricultural and forestry initiatives. ¢

5. Food security. NbS can strengthen food systems by improving agricultural yields and sustainability.
In Lao PDR the Luang Prabang Living Land Farm, spreading over 200 knt, has melded traditional
organic rice-growing technigues with new farming methods, such as innovative grain selection. This
has allowed the farm to plant and harvest during both the wet and dry seasons, thus increasing
revenue. The farm has also diversified its revenue base byintegrating ecotourism cantered on
traditional rice farming , allowing it to support local community proje cts such as English classes for
school children.*

6. Health. Nature offers invaluable health services such as filtering air pollutants, ensuring access to
clean drinking water, and decreasing the prevalence of infectious and respiratory disorders.> Natural
settings also promote physical activity and are associated with better mental health outcomes.
Furthermore, research indicates that land conversions, which result in closer proximity between
wildlife, livestock, and humans, can increase disease tansmission rates® Consequently, preserving
forests can mitigate such diseasespill overs by maintaining distinct habitats for wildlife away from
urban centres.*

Principles of NbS*

At a glance, NbSmight seem like a broad term for activities that utili senature to achieve specific outcomes.
However, it is more nuanced than that. NbS aims to address societal challenges while benefiting both
biodiversity and human well -being. The International Union f or Conservation of Nature (IUCN) defines
societal challenges aghose that have significant and demonstrable impacts on society. These include
climate adaptation, disaster risk reduction, economic and social development, human health, food security,
water security, environmental degradation, and biodiversity loss. It is vital to understand this distinction as
inappropriate use of NbS can result in unintended negative consequences or maladaptation. For instance,
planting an area with a monoculture tree for carbon mitigation can decrease the ecosystem's diversity,
undermining its resilience and ability to provide ecosystem services.

To ensure effective and responsible use of NbS, the International Union for Conservation of Nature has
outlined eight guiding principles®*

1. NbS embraces nature conservation norms and principles . While NbS upholds conservation values
and principles, it is not a substitute for nature conservation h a separate global priority. Not all
conservation efforts qualify as NbS. Though many NbS initiatives focus on biodiversity conservation,
not all directly address it.
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2. NDbS can be implemented alone or in an integrated manner with other solutions to societal
challenges. These solutions might offer comprehensive ecosystem servicesindependently or
complementing other initiatives, such as the integration of green-grey infrastructure through a
mixture of mangroves and seawalls to reduce coastline erosion.

3. NbS are determined by site -specific natural and cultural contexts that include traditional, local,
and scientific knowledge . Implementing NbS requires a deep understanding of the specific
ecosystem, which includes knowledge from those connected to the ecosystem.

4. NbS produces societal benefits in a fair and equitable way in a manner that promotes
transparency and broad participation . While NbS can benefit distant governments and
communities, it might also restrict opportunities for nearby inhabitants. It is essential that benefits
reach all, from local residents to national entities. Solutions should account for local values tied to the
ecosystem and explore compensatory mechanisms, such as PES schemes.

5. NbS maintains the biological and cultural diversity, and the ability of ecosystems to evolve
over time. To ensure sustainability and resilience against future climate changes, NbS should support
and maintain both biological and cultural diversity, aligning with the temporal dynamics and
complexity of ecosystems.

6. NbS is applied at a landscape scale. NbS often spans vast areas encompassig various ecosystems,
such as forests, coasts, and farmlands. It is important to consider the broader landscape context when
rolling out NbS.

7. NbS recogni se and address the trade -offs between generating immediate economic benefits
for development and preserving future options for the full range of ecosystem services.
Simplifying an ecosystem for a single benefit, like turning diverse woodlands into monoculture
plantations, can be counterproductive. Recognising and weighing trade-offs, along with the various
purposes of an ecosystem, is crucial.

8. NbS is an integral part of the overall design of policies, measures , Or actions, to address a
specific challenge. This integration facilitates large-scale NbS projects and allows for adaptive
management when necessary.

NbS also play a vital role in contributing to meeting the Global Biodiversity Framework (GBF) and
the UN Sustainability Development Goals (SDG). NbS contributes significantly to th e realisation of the
ultimate 2050 vision and mission of GBF and the objectives of the Convention on Biological Diversity
(CBD). It also meets SDG goal 3(good health and well-being), 6 (clean water and sanitation), 11
(sustainable cities and communities), 13 (climate action), 14 (life below water), and 15 (life on land).
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PES is an innovative approach where those who benefit from ecosystem servicels like carbon
sequestration and climate resilienceh financially compensatethe land stewards providing these
services. By doing so, PES promotes the conservation of natural ecosystems through edoiendly

A notable example of PES success is seen in Vietnam'sam Dong forest conservation initiative.
Through a PES pragram, over 3,000 forestdwelling households are compensated for protecting
104,000 hectares of forestEach household receives US$500 annually, marking a significant 400%
increase in their income. The recognised ecosystem services of this forest rage from water regulation
in the Dong Nai river basin to soil protection and maintaining the scenic landscape. Beneficiaries, or
"buyers" of these services, encompass hydropower plants, water supply organgations, and a tourism
company. Several PES proponents suggest that, if applied nationwide, PES revenuecould potentially
soar to US$1 billion.

Source:
WWEF, Payments For Ecosystem Services As A Major Conservation Tool
Ecosystem Marketplace Vietham Leads Southeast Asia in Payments for Ecosgtem Services
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Traditional built O Ogreli infrastructure, like dams and seawalls, may not be enough to combat the
escalating challenges posed by climate hazards, water shortages, and poverty.

AN ne
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I

Green infrastructure, which strategically preserves, enhances, or restores natural systems in tandem
with conventional grey infrastructure, improves the resilience and adaptability of our infrastructure
systems. This is crucial, especially in the face of pesent-day environmental challenges.

GREY INFRASTRUCTURE

ARV COMPONENTS

EXAMPLES OF GREEN INFRASTRUCTURE
COMPONENTS AND THEIR FUNCTION

Water supply and Reservoirs, treatment plants, pipe

Watersheds: Improve source water quality, thereby reducing treatment
requirements

sanitation network Wetlands: Filter wastewater effluent, thereby reducing wastewater
treatment requirements
. Watersheds: Reduce sediment inflow and extend life of reservoirs and
Hydropower Reservoirs and power plants

power plants

Coastal flood Embankments, groynes, sluice

Mangrove forests: Decrease wave energy and storm surgeshereby reducing

and drainage drainage canals

protection gates embankment requirements
Urban flood . Urban flood retention areas: Store stormwater, thereby reducing
Storm drains, pumps, outfalls .
management embankment requirements
River flood Embankments, sluice gates, River floodplains: Store flood waters, thereby reducing embankment
management pump stations requirements
Agriculture irrigation Barrages/dams,irrigation, and Agricultural soils: Increase soil water storage capacity and reduce irrigation

requirements

Green infrastructure offers more t han just technical advantages. It also brings about societal and
economic benefits. While traditional grey infrastructure is often managed by the government or
private organisations, green infrastructure is often under the care of local communities. It is most
effective when tailored to the needs of these local stakeholders, presenting opportunities to uplift
vulnerable populations.

An example of the cost-effectiveness of green infrastructure is evident in New York City, which saved
US$1.5 billion by integrating green and grey systems to ensure a reliable water supply. However, the
financial viability of such projects can vary based on local conditions, and thus should be thoroughly
evaluated during technical assessments. Beyond just the monetary aspects, it is also essential to
consider the broader benefits of green infrastructure to appreciate its full value.

The Vietnam Mekong Delta offers a shining example of how green and grey infrastructure can work
hand-in-hand. Its strategy for coastal protection includes a mangrove belt outside the sea dikeserving
as a first line of defence, followed by a more expansive mangrove stretch inland. This approach not
only shields the area from coastal flooding, erosion, and saltwater intrusion but also enhances
aquaculture and supports mangrove ecosystems, boosting the livelihoods of local communities.
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Increasing reception of NbS

The intertwining challenges of climate hazards, biodiversity loss, and social inequality have catapulted NbS
to the forefront of international climate discussions. Institutions such as the UN Framework Convention on
Climate Change (UNFCCC) and the UN Convetion on Biological Diversity > increasingly spotlight NbS as a
viable solution. Consequently, we are observing a surge in the integration of NbS in NAPs and global
climate policies. For instance, Timor-Leste has adopted NbS as a cornerstone of its NAPS and Vietnam
underscores NbS's pivotal role in its adaptation strategy.

The private sector, too, is increasing support for NbS. A testament to this shift is Business for Nature, a
coalition comprising over 330 organisationsh including stalwarts like the Worl d Economic Forum and the
World Business Council for Sustainable Development. This coalition underscores the business case for
embracing NbS, with over 330 companiesfrom 56 countries pledging to combat nature loss and restore
natural ecosystems?’ In Southeast Asia, the SCeNe Coalition exemplifies a similarendeavour, accelerating
the adoption of NbS to tap into climate finance via carbon credits. However, most private sector interest in
NbS thus far has primarily been on the carbon sequestration potential that can provide carbon credits.

Furthermore, this increasing reception has not yet translated to action to the scale required for either

climate adaptation and/or mitigation .

This inadequacy in action can be attributed to the insufficient financial backing for NbS. Currently, only
US$154 billion annually is directed toward NbS, falling short of the needed US$384 billion per year required
by 202528 Notably, the public sector provides 83% of this NbS funding. Given gavernmental fiscal
constraints, it is imperative for the private sector to amplify its commitment and substantially increase its

NbS investments>®

Climate change is upon us, affecting not just the
global landscape, but also local communities like
Penang Island with its rich heritage, vibrant
populace, and natural ecosystems.

Dive deeper with Hamdan Abdul Majeed,
Managing Director of Think City, as he discusses
OENANET O @9OAAN EOEENI
Nature-based Climate Adaptation Programme

for Urb an Areas of Penang Island.

This video was produced by BBC StoryWorks
for Think City as part of the Transforming
Cities series.
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At COP27, the UNFCCC Climate Champions called for a
massive US$1 trillion investment in NbS for urban
communities by 2030.%°

The economic value of NbS

NbS offers a promising approach for climate adaptation
and resilience. A meta-analysis of 69 studies across five
habitats globally found that coastal habitats can reduce
wave heights by an impressive 35% to 71% on averagg.
Further evidence indicates that NbS can diminish the
severity of climate and weather hazards by a notable 26%.

These solutions also play a critical role in offsetting the
economic costs of climate change. By 2030, climate
changerelated costs in developing countries are projected
to range between US$402 billion and US$805 billion
annually. By 2050, these costs could escalate to a
staggering US$1.2 trillion to US$2.4 trillion, without taking

N fnto cdhsidetatfor the)impactArbn Southdast Asia. 62

Implementing NbS to achieve a 26% reduction in climate
and weather-related hazards could save these nations
upwards of US$104 billion in 2030, and US$393 billion by
205082
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Beyond these benefits, NbS often proves to be more coseffective than traditional engineered/ grey
infrastructure solutions. It is not only affordable but also versatile in protecting against various climate
threats. Returns over time are known to increase exponentially. ® Unlike grey infrastructure, which offers
localised benefits, NbS provides longterm benefits that span vast regions. Additionally, due to their reliance
on natural regenerative processes, NbS often require less upkeep than their conventional courterparts. ¢

Challenges in implementing NbS

While there is mounting evidence that NbS can addressthe multifaceted challenges of climate change,
there are several possible reasons why it has not been implemented at scale to achieve our climate goals.

1 Traditional engineering solutions tend to deliver foreseeable and immediate results, making them
more predictable. For instance, the protective role of a seawall is fairly straightforward, considering
the geographical area it protects and its projected lifespan. Conversely, the benefits of a mangrove
forest are nuanced, relying on several factors such as species type, maturity, and local involvement
to maintain the mangroves. However, beyond just flood protection, mangroves enhance water
security, boost local ecanomies, and offer recreational spaces. But these advantages, being
influenced by various socio-economic and ecological factors, make it complex to determine the
comprehensive impact of an NbS

1 Climate resilience of NbS is another concern. Ecosystems can be vulnerable to changing climate
dynamics. Forests, for example, may face more frequent fires, impairing their self-recovery. Salt
marshes, on the other hand, are at risk of inundation due to rising sea levels®’ Althou gh there are
interventions to minimi sethese vulnerabilities, they nevertheless cast doubts over the efficacy and
sustainability of NbS.

1 Implementing NbS demands a broader consensus. They often span vast landscapes, needing the
endorsement of multiple stakeholders like local communities, landowners, and both public and
private sectors. In contrast, traditional engineered projects often involve fewer participants and
typically require less land use.®®

1 Ongoing NbS projects conducted bythe International Federation of Red Cross (IFRC) had identified
challenges in the time, scalability and expertise needed for managing and monitoring NbS projects,

therel © AT OO0 xEE AEAT T ENEE I N 1 CENxIEUI NE 1T £ZEADPOI O

standards are still geared towards productivity and profitability.

However, the tide is turning. Advanced technologies and tools such as Almodelling are now offering more
OOEZEI OE PEAOQGOEDPENXxO OE . A37 0 Cl UEOOE eAliBchvErad ways @
enhance the resilience of NbS, from integrating grey into green infrastructure, and devising natural
fortifications. Furthermore, there is a swelling wave of support for NbS among governmental bodies, non -
governmental organisations (N' / Oz 4 ANC EI NANA&A AT 1 NOx1 x@x] ONOY
Accounting and the Valuation of Ecosystem Services are driving the adoption of NbS across crucial sectors,
including disaster management.®
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NbS solutions are vulnerable to climate-induced hazards. For example, although mangroves play a
pivotal role in mitigating coastal erosion and cushioning the effects of storm surges, they remain
vulnerable especially in their early growth stages. Demak, a coastal town in Indonesia, encountered
such challenges with several unsuccessful mangrove replanting efforts due to the deep and turbulent

waters which were unsuitable for young mangrove saplings.

In response, the local community, together with Wetlands International and the Indonesian
Government, constructed wave-dampening structures using bamboo poles, facilitating sediment
accumulation. These sediments not only supported the natural regeneration of mangroves by catching
seeds shed bymature trees, but also promoted the biodiversity of the mangrove ecosystem. Unlike
many conventional replanting initiatives that primarily use a limited set of species, the Demak

initiative witnessed the sprouting of at least 12 distinct mangrove species. This biodiversity inherently
OxOENEXxEENO xEE EOOEOxT O OEOI T 1 ENAE AEAI NOx A&

Source: Mangrove restoration gives hope to Indonesia's sinking shores, UN EnvironmentProgramme
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Challenge

The Municipality of Concepcion is in the northern part of Panay Island, the sixth Jargest and fourth-
most populous island in the Philippines, formed by more than 25 island villages. This coastal areais
exposed to the effects of climate change, from more intense dry seasons to extreme storms an
typhoons, affecting the livelihoods of local communities.

Intervention

Green-Grey Infrastructure Initiative is the collaborative effort between The Global Mangrove Alliance
and Conservation International, to use NbS along with grey infrastructure to increase the resilience of
11 island villages.

The Green Grey Infrastructure initiative has focused on three key objectives: (1) Rebuild coastal
sediment by replanting mangroves; (2) Halt the ongoing beach erosion and (3) Reduce the effects ¢
extreme weather events on residents.

The project conducts assessment and designs the infrastructure, using a combination of wav
attenuation fences, sediment trapping fences, lowcrest semipermeable breakwater as grey solutions,
and mangrove restoration and the establishment of a community -based marine protected area (MPA)
as green solutions.

Impact

9 Atotal of 110,363 seedlings of native species havéeen planted covering an area of 11 hectare:
of mangrove rehabilitation.

9 Established a 769.7hectare community -based marine protected area (CBMPA) which included
capacity building and training .

9 The additional two livelihood projects were included: the production of coconut-based products
and the production of virgin coconut oil to reduce community heavy reliance on fishing .

i Established a Barangay Emergency Responseéentre and emergency response plan

Source: The Global Mangrove Alliance, Green-Grey Infrastructure in the Philippines
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Leveraging the latest solution: Climate Al

Al has is now more than justa buzzwordd ANC EAO A OOODPI NENx iggesEE 1 N 0O
platforms and forums. Al has now moved beyond being a mere conceptto deliver real-world applications
that are rapidly transforming industries.

Al is described as any technique that allows computers to replicate human intelligence, using logic, if-then
rules, decision trees, and machine learning (ML). Notably, ML is a subset of Al that incorporates statistical
techniques, enabling machines to enhance their performance on tasks through experience.

The realm of climate action, too, has been enriched by the capabilities of Al. There is a growing
acknowledgement that integrating Al with climate analytics offers a formidable tool in the fight against
climate change. In fact, of the organisations sampled globally, over 40%recognised the potential of
harnessing Al for their climate -related endeavours.”™

Al holds diverse applications in addressing climate concerns, spanning mitigation, A&R, and enablers:"*
1 A&R: Al refines the projection of long -term, regionali sed climate effects and extreme events, while
also enhancing the management of vulnerability and exposure.

1 Mitigation: Al can help quantify emissions at both micro and macro levels, effectively helping
decision-makers in managing efforts to reduce emissions and GHGeffects and facilitate the removal
of existing atmospheric emissions.

1 Enablers: Al strengthens the pillars of climate research and modelling, augments financial analytics,
and fosters education and behavioural change.

Within the subset of A&R, perhapsCI | PAXxE 1 )71 0 b
invaluable contribution is its capacity to translate vast

data streams into actionable insights. This datadriven

clarity empowers swifter, more informed decision -making,
pushing us closer to our climate resilience goals.

#1 1 DAxE 1)1 0 @NI OQE AAfadewd x U
challenges of the climate crisis

The climate crisis is not a single issue, but a multifaceted
challenge with profound economic, social, and
environmental repercussions. While there is a wealth of
data on this topic, much of it remains dispersed across
different entities, and often in formats that are not easily
accessible or interpretable for those who need it most.

Understand how Al can help us to adapt to
climate change, as explained by Hamid Maher,

BCG Managing Director and Partner. Here is where Al proves itself useful as a transformative

tool with the ability to translate and distil complex data
sets into information vital for decision -makers. For
instance, Al amplifies the precision of climate risk assessments. ThroughML algorithms, it analyseslarge
data sets and historical patterns, offering more accurate forecasts of potential climate risks.

Furthermore, Al equips decision-makers with the capability for scenario planning, simulating diverse
scenarios based on specific parameters. Given the fluid natue of the climate crisis, and the fact that the
outcomes largely depend on our actions today, it is vital to explore a range of possible future scenarios. This
ensures our A&R strategies remain robust and relevant. Such models might explore various represatative
concentration pathways (RCPs) for specific years or predict global temperature changes over different
periods. For instance, we have beenmodelling scenarios based on a 1.5°C temperature rise from pre
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https://www.youtube.com/watch?v=mmjvGLa4yX0&t=2s

industrial levels, however newer research suggests we might be edging closer to a 2.0°C increase or even
higher. Al would then be able to analyse the impact for these various temperature scenarios.
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important. By providing more granular insights, it enables decision-makers to prioriti setheir resources

effectively. For instance, while many data sources might offer national -level insights, Al can process data

inputs further, generating insights right dow n to the municipal level to provide a more targeted and

efficient approach to tackling the climate crisis.

Climate Al reduces uncertainty by quantifying the cost of inaction

The impacts of climate change are largely "invisible" as they rest on predictions of events yet to occur, often
projected decades or even centuries ahead. The outcomes of adaptation efforts, such as avoided economic,
social, and environmental losses, are moredifficult to quantify than those of mitigation, which can be
directly measured (e.g., in metric tons of CO2). While mitigation strategies can be consistent with global
standards, adaptation efforts must be tailored to local contexts and outcomes depending on the sdution.
Furthermore, NbS adaptation measures provide multipronged solutions which may be complex to measure,
compared to linear adaptation approaches. For instance, mangrove planting might shield certain
communities, contribute to carbon mitigation, boost local livelihoods, and conserve biodiversity. Each
benefit requires a distinct metric of measurement. In contrast, a seawall might solely offer adaptation
benefits by protecting against rising sealevels but lack secondary benefits.

Climate Al solves these issues by creating models that are able to synthesie and quantify inaction costs. It
can simulate future scenarios, integrating complex outcome metrics across various dimensions. Al is then
able to determine the potential return on investment (ROI) of an A&R initiative by juxtaposing projected
costs of inaction against the total expense of the initiativeh helping to inform decision -makers of the
bankability of projects. These models are also adaptable and able to accommodate updatal parameters to
ensure their relevance and resonance with various stakeholders (e.g., detailed socieeconomic impact for
city authorities).

This adaptability allows for value -based prioriti sation among multiple A&R strategies. Al can perform
simulations for an array of soluti ons, producing a unified reference point, be it ROI or the number of people
protected. Notably, Al can also forecast the long-term effects of A&R solutions. Such projections enable
decision-makers to strategise not only which solutions to employ, but also the optimal timing for their
deployment. This ensures efficient allocation of funds and resources both immediately and in the years to
come.

A prominent application of Al in the A&R sector is climate risk assessment. Alpowered assessments can
identify high-risk areas and quantify the impact of climate hazards. By processing vast amounts of climate
data, Al can deduce hazard exposure and vulnerability across economic, social, and environmental spheres.
[Exhibit 4.2.]
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Exhibit 4.2: lllustrative map an d quantified impact, generated by a climate risk assessment
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Most exposed Population Capital Cost!

LGAs exposed exposed B ey
Area 1 91K $1.9Bn $2.6Bn
Area 2 144K $517Mn S721Mn
Area 3 116K $426Mn $580Mn

lllustrative map and quantified impact generated
by climate risk assessment
LGAs: Local government areas

Providing visual representations of the exposure
and vulnerabilities, coupled with quantitative
analyses, offers a reliable framework for decision-
makers. As these assessments can be conducted to
the level of local municipalities, these models enable
stakeholders to identify which areas require urgent
intervention, facilitating  effective  resource
allocation.
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The BCG Climate Impact Al platform provides a tool and framework to assess physical and
transition risks, the cost of inaction, and calculate the ROI of solutions

" CLIMATE IMPACT Al

Climate change models

¢ Temperature
(increase, patterns
etc.)

¢ Ocean (currents,
acidification etc.)

¢ Precipitation
(volume, patterns
etc.)

*  Winds (currents,
patterns etc.)

@ Physical risk models

@' Climate

Sea level rise
Desertification, droughts
Fires

Cyclones, floods

1 HE OJU_DIT_ER

@Impact of A&R action and policies

* Early warning system/prevention plan for disasters s
« Emergency/contingency plan for disasters
« Regenerative agriculture & agri-VC optimization

Infrastructure reinforcement
+ Insurance policies (e.g., agri)
+ Ecosystem's restoration (e.g.:
reforestation)

@ Direct impact of physical risk

s Assets affected

« Areas impacted (e.g., # ha land)
« Employees impacted

s Productivity loss

i

o Socio-economic + financial and operational impact

Transition risk models

Policy and legal risks
Reputation risk
Market risk
Technology risk

11
@ Direct impact of transition risk

* Price/demand increase for
renewable energy
+ Increased fossil fuel costs

* Reduction in consumer
consumption

Public
sector

Private

sector

Macroeconomic
+ GDP overall and by sector
* Import/exports overall, by sector

Microeconomic (impact on households by
sector, location, income, gender, etc.)

« Livelihoods «  Malnutrition
« Poverty +  Migration
+ Jobs

Sourcing and supply chain

« Raw materials prices/Supply flows
Operations and assets

* P&L/capex impact from climate
Financial and market risk

« Financing cost

Il

I
@ Impact of mitigation action & policies
+ Policies to reduce GHG emissions (e.g.: emission caps...)
+ Infrastructure investments (e.g.: clean energy, green buildings, supply chain assets...)
» Carbon capture and storage (industrial, regenerative agriculture...)
« Restoration of natural ecosystems (e.g.: reforestation, restoration of peatland areas)

Note: Logos represent examples of organisations involved in the mentioned practice areas

How Southeast Asia can build climate resilience
with the help of Al , as explained by Dave
Sivaprasad, BCG Managing Director and Partner

SOUTHEAST ASIA CLIMATE ADAPTATION AND RESILIENCE
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https://www.bcg.com/videos/ai-analytics-key-for-climate-resilience-in-vulnerable-areas
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Challenge:

This Southeast Asia countryis highly exposed to climate hazards. It is ranked #1 on the World Risk
Index asthe nation most at risk of disasters. The effects of climate change on the country are
evident: sea levels are rising at an alarming rate of +13mm/year, 4x the global average. Since the
1970s, tropical cyclones have intensified by 12%, and the occurrence bCategory 4 and 5 storms ha
more than doubled. Additionally, extreme rainfall events are becoming more common, with more
days recording over 300mm of rain and a 25% rise in average onelay precipitation.
These climatic changes have profound implicationsE OO xEE AO0@NxOUT 6 OO0A&
systems:
1. Social impacts:
3 74% of the population is exposed to climate hazards
3 Water access is becoming increasingly uncertain
2. Economic impacts:
3 Projected loss of 6% GDP annually by 2100
3 Anticipated declines in crop yield and fish catches by 25% and 40% respectively by 205(
3 Climate hazards have resulted in damages exceeding US$10 billion over the past decad
3. Natural impacts:
3 Over 70% of coral reds are classified as high risk or worse
3 Mangrove populations have diminished by 80% over the past 75 years
3 Predicted biodiversity loss of 60% by 2050

Intervention #1

Evaluate the implications of permanent sea level rise on the population. Identify the most affected
segments and locations to enable collaborative decisionmaking between national and local
governments, ensuring the prioriti sation of vulnerable population groups.

100k of the region population are exposed, potentially
displace d as permanent SLR up to 0.5m

16% of total population exposed are people in poverty,
who are 2x more likely to be affected as they may not
have the resources to adapt

78% exposed people come from only 4 (of 21)
municipalities

©
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