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FOREWORD

Asia and the Pacific is home to some of the world’s most climate-vulnerable economies. At the same time,
the region’s strong growth, which has lifted millions out of poverty, contributes to more than half of global
greenhouse gas emissions. As the climate crisis intensifies, this region finds itself at the center of both its
worsening impacts and transformative potential solutions.

The Asia-Pacific Climate Report is a new knowledge initiative from the Asian Development Bank (ADB) to
support Asia and the Pacific in combating climate change through policy reforms. This inaugural issue offers
a comprehensive overview of the region’s evolving climate landscape and examines various dimensions of the
climate crisis, from the increasing frequency and severity of heat waves to the growing economic and social
costs. The report underscores the urgent need for adaptation measures and emphasizes the importance of
mobilizing resources to support the region’s most vulnerable populations.

The report also examines the constraints facing governments in the region and proposes policy measures

to address both adaptation and mitigation. For instance, the authors recommend integrating adaptation

needs into development planning and budgeting processes across all sectors. On climate finance, the report
discusses how governments can formulate consistent policies, promote information disclosure, and build
climate-oriented financial systems to attract private capital. The report also highlights the significant space to
improve policy instruments in the region and discusses carbon pricing—including carbon taxes—as a key policy
for reducing carbon emissions.

ADB stands ready to collaborate closely with our developing member countries to operationalize these
recommendations, including through financing to implement and evaluate policies. We will ensure that our
resources and expertise are aligned to maximize development impact and achieve sustainable results.

The decisions made on climate action in the coming years will shape the region’s future. We hope this
publication inspires bold action and fosters regular discussion and collaboration to build a prosperous,
inclusive, resilient, and sustainable Asia and the Pacific.

MASATSUGU ASAKAWA
President
Asian Development Bank
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DEFINITIONS

The economies discussed in this report are classified by major analytic or geographic grouping.
For the purposes of this publication, the following apply, unless otherwise specified:

B "Developing Asia" and "Asia and the Pacific” are used interchangeably in this report to refer to the
46 regional members of the Asian Development Bank listed by geographic grouping as follows:

e Caucasus and Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan,
the Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan.

e East Asia comprises the People’s Republic of China; Hong Kong, China; Mongolia;
the Republic of Korea; and Taipei,China.

e South Asia comprises Afghanistan,? Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan,
and Sri Lanka.

e  Southeast Asia comprises Brunei Darussalam, Cambodia, Indonesia, the Lao People’s Democratic
Republic, Malaysia, Myanmar, the Philippines, Singapore, Thailand, Timor-Leste, and Viet Nam.

e The Pacific comprises the Cook Islands, Fiji, Kiribati, the Marshall Islands, the Federated States
of Micronesia, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu,

and Vanuatu.

Unless otherwise specified, the symbol “$” and the word “dollar” refer to United States dollars.

2 ADB placed its regular assistance to Afghanistan on hold effective 15 August 2021.



ABBREVIATIONS

ADB Asian Development Bank

CBAM Carbon Border Adjustment Mechanism

CDM Clean Development Mechanism

CO, carbon dioxide

Ccop Conference of the Parties

CPI Climate Policy Initiative

PRC People’s Republic of China

DIVA Dynamic Interactive Vulnerability Assessment
ESG environmental, social, and governance

ETS emissions trading system

EU European Union

GCM global circulation model

GDP gross domestic product

GHG greenhouse gas

GLOFRIS Global Flood Risk with Image Scenarios

GSS green, social, and sustainability

GtCO.,e gigaton of carbon dioxide equivalent

ICAO International Civil Aviation Organization

ICES Intertemporal Computable Equilibrium System
ICVCM Integrity Council for the Voluntary Carbon Market
IPCC Intergovernmental Panel on Climate Change
ISIMIP Inter-Sectoral Impact Model Intercomparison Project
ISSB International Sustainability Standards Board
ITMO Internationally Transferred Mitigation Outcome
JCM joint crediting mechanism

LDE least-developed economy

MDB multilateral development bank

MRV monitoring, reporting, and verification

MtCO,e metric ton of carbon dioxide equivalent

NAP National Adaptation Plan

NBS nature-based solution

NCCC National Communications on Climate Change
NDC nationally determined contribution

OECD Organisation for Economic Co-operation and Development
PACM Paris Agreement Crediting Mechanism

PPP purchasing power parity

RCP Representative Concentration Pathway

ROK Republic of Korea



Abbreviations m

SPEI

SOE

SSP

UN
UNFCCC
VCM
VCMI
WASH

Standardized Precipitation-Evapotranspiration Index
state-owned enterprise

Shared Socioeconomic Pathway

United Nations

United Nations Framework Convention on Climate Change
voluntary carbon market

Voluntary Carbon Markets Integrity Initiative

water, sanitation, and hygiene




HIGHLIGHTS

B Continuation of implemented policies will lead to dangerous levels of global warming. With the
policies currently being implemented, around 3°C of warming is expected within this century. While
pledges in nationally determined contributions (NDCs) could reduce this to 2.4°C, taking into account
feedback effects implies that warming could happen faster than conventionally estimated.

B Developing Asia both suffers from and contributes to the climate crisis. The emissions intensity
of the region’s economies has decreased by over 50% since 2000. However, the region still generated
about half of global greenhouse gas emissions in 2021, driven by rising domestic consumption, energy
demand, and production. Without stronger adaptation and mitigation efforts, the region faces severe
impacts and substantial economic losses.

B Many impacts in the Asia and Pacific region will be greater than indicated by global trends.
Under a high end emissions scenario, relative sea-level rise and temperature increases in the region will
exceed global averages. The destructive power of typhoons and cyclones will double, and flood losses
will increase due to more concentrated rainfall and glacial melt. Climate-dependent sectors such as
agriculture, forestry, and fisheries will face diminished output. Hotter temperatures will reduce labor
productivity, erode human and social capital, and increase mortality and health risks.

B Climate change reduces gross domestic product in the region by 17% in 2070 under a high end
emissions scenario. Sea-level rise and labor productivity effects dominate the losses, with relative
effects concentrated in lower-income and fragile economies and those with large coastal populations.
The impacts are regressive and hit vulnerable and poor people the hardest.

B Public concern about climate change is high, as is support for ambitious climate action. The ADB
climate change perception survey conducted in 2024 finds that 91% of respondents in 14 economies
view climate change as a serious problem. Improving policy design, addressing inequalities, and
increasing awareness about climate action can boost public support.

B Adaptation is key to addressing large impacts. In the near term, only adaptation can alter climate
losses. Effective adaptation policy must address both slow onset changes and a greater frequency and/or
intensity of fast onset extreme events, while at the same time considering other development needs.

This document summarizes the key messages of the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. The report
focuses on critical climate change issues for the Asia and Pacific region that have not been recently covered in detail.



Early and coordinated investments are needed to avoid damage and enable transformational
responses. Realizing adaptation opportunities requires enhanced analysis of climate change impacts
and adaptation needs upstream in development planning. Although most countries have prepared
National Adaptation Plans (NAPs) and included adaptation in their NDCs, they can still better integrate
adaptation into medium-term development plans and expenditure frameworks.

Market reforms can enhance adaptive capacity by correcting market distortions. Adaptation

is facilitated when climate signals are well transmitted and market actors have the freedom to
respond. Strengthening property rights can encourage better incorporation of climate risks. Removing
subsidies for water and other natural resources can curb the overuse that exacerbates scarcity and
damage. More open trade can diversify supply chains, stabilize markets, and promote the spread of
adaptation technologies.

Both public and private sources are key to closing the adaptation financing gap. Annual financing
needs for adaptation in the region are estimated to be between $102 billion and $431 billion. Nearly half
of modeled needs are for coastal and river flood protection. The needs far exceed the approximately
$34 billion of tracked adaptation finance that was committed in the region in 2021-2022.

Continuous reassessment of climate change impacts and adaptation actions is essential.
Policymakers must continually revisit and improve predictions of impacts and systematically test
adaptation measures to ensure that adaptation policy addresses evolving challenges. The results of this
ongoing reassessment must be communicated continuously to ensure that climate risks are internalized
in planning and investment processes.

Private capital is increasingly becoming a source of climate finance, but more needs to be done.
Climate-related risks and regulatory changes are pushing more private capital into climate-aligned
investments. However, policy uncertainties and misalignments, unreliable information disclosure, and
weak enabling financial markets are constraints to raising private climate capital.

Greater policy certainty and financial sector reform can attract private climate capital.
Governments can adopt a comprehensive set of aligned policies featuring a mix of price and nonprice
policies, such as carbon pricing and clean energy subsidies, to enhance the profitability of climate
investments and provide consistent incentives. Policymakers can develop climate-oriented financial
systems through the adoption of sustainability disclosure standards to reduce transaction costs and
compliance risks for investors.

The public sector can help overcome barriers to private climate investment. Solutions like
blended finance can facilitate the use of de-risking instruments, such as first-loss guarantees, insurance,
and credit enhancements, to attract private investors. Blended finance can also generate demonstration
effects for new technologies. The public sector can strengthen the investment environment by
liberalizing markets, reducing entry barriers, and overcoming market rigidities such as long-term power
purchase agreements. Multilateral development banks can support these efforts with their capital and
their menu of instruments.



xvi

Carbon pricing for more cost-effective mitigation

B Carbon pricing instruments are gaining momentum in the region. Eight national initiatives are
currently being implemented, while three countries are considering a domestic emissions trading
system (ETS). However, these efforts are challenged by the continued significant financial support
for fossil fuel subsidies.

B Carbon taxation can be a powerful mechanism to reduce emissions cost-effectively. A carbon tax
is not only an efficient approach to reducing emissions, but can also raise significant revenues that could
be redirected to the highest-value public uses. Existing studies suggest that the adverse impact of a
carbon tax on growth, inflation, and overall employment is likely to be small. Furthermore, policymakers
have options to make the distributional effects more progressive, including through targeted transfers,
anti-poverty programs, or reducing regressive taxes.

B There are several important lessons on ETS for the region. Efficiency-based targets balance
emission reduction and production expansion goals but may not reduce emissions sufficiently.
Institutional and regulatory frameworks as well as monitoring, reporting, and verification systems are
critical and require significant effort and careful legislation. The ETS can work more effectively with
more carbon prices passed through the power market. Allowing offsets in an ETS can increase flexibility
to help meet targets.

B Developing economies can leverage international carbon markets to meet climate goals.
Purchasing credits can help meet NDCs, especially when domestic abatement costs are high.
However, developing national carbon market strategies is essential for effective engagement with
international markets, effective NDC accounting frameworks, and voluntary market participation.




EXECUTIVE SUMMARY

This report consists of five chapters that focus on critical climate change issues for the Asia and Pacific region
that have not been recently covered in detail. Chapter 1 provides an overview of the regional context for climate
action. Chapter 2 examines the potential economic impacts of a high end emissions scenario. Chapter 3 identifies
priority adaptation actions to help address the impacts of climate change. Chapter 4 considers ways to better
mobilize private sector finance for mitigation and adaptation. The fifth and final chapter discusses how carbon
pricing can be designed and implemented more effectively to achieve successful mitigation.

B Developing Asia both suffers from and contributes to the climate crisis. Global greenhouse gas
(GHG) emissions continue to rise and without stronger mitigation efforts, the region will experience
more extreme heat, floods, storms, and infectious diseases. Just 9 years after the adoption of the Paris
Agreement on Climate Change, inaction has put the 1.5°C ambition nearly out of reach. Exceeding this
target could significantly increase the risk of overshooting tipping points, leading to even more harmful
impacts and related losses and damages. Nonetheless, the global commitment to climate adaptation
and mitigation offers hope. Accelerating the transition to net zero emissions and scaling up investments
in advanced climate technologies and nature-based solutions can foster low-carbon, climate-resilient
economic growth.

B Theregion generated about half of global GHG emissions in 2021, surpassing many historically
high emitters. The increase over the past 2 decades has been driven by rising domestic consumption,
energy demand, and production for advanced economies. The People’s Republic of China (PRC)
accounted for two-thirds of the increase, while South Asia contributed 19.3% and Southeast Asia
15.4%. The energy sector is the largest contributor to the region’s emissions (77.6%), primarily
due to a heavy reliance on fossil fuels. Other high-emitting sources are agriculture (10.6%) and
industrial processes (8.6%).

B Developing Asia has taken significant steps for decarbonization, but more ambitious mitigation
action is necessary to slow global climate change. Since 2000, the emissions intensity of the region’s
economies has decreased by over 50%, although it remains above the global average. Further, the region
has invested more in renewable energy than any other world region. An accelerated transition to net
zero would require substantially more investment, but credible pathways to achieve this have been
identified. The costs of inaction would be far greater, while rapid decarbonization brings significant
co-benefits, including improved public health, fewer premature deaths, reduced agricultural losses, and
the creation of high-quality jobs in emerging sectors.



The region is well positioned to benefit from the global transition to net zero. With substantial
renewable energy generation potential, the region can produce some of the world’s cheapest renewable
electricity, helping to reduce carbon intensity in industry and energy sectors. Its fast-growing and
innovative economies, large workforce, high-quality technical education, and strong manufacturing
base provide an opportunity to develop and supply the technologies needed for global decarbonization.
Moreover, the growth of renewable energy manufacturing can enhance energy security and contribute
to sustainable development in the region.

Developing Asia is committed to tackling climate change, but there is scope to raise
ambitions. Forty-four economies, representing 98% of the region’s emissions, have ratified the 2015
Paris Agreement and submitted nationally determined contributions (NDCs) with commitments to
cut GHG emissions and adapt to climate change. In addition, 36 of these economies have announced
or adopted net zero targets. However, current actions fall short of what is needed to limit the

global temperature rise to 2°C or, ideally, 1.5°C. Both the NDCs and net zero targets lack concrete,
sector-specific emission reduction road maps. Key challenges of implementing decarbonization

plans include institutional capacity gaps, governance issues, insufficient financing, limited access to
technology and expertise, and vulnerability to climate events that divert resources from decarbonization
efforts. More evident support is needed to bridge the gaps between the required ambition and
commitments, commitments and concrete road maps, and road maps and implementation.

Public concern about climate change is strong, along with support for ambitious climate
action. The ADB climate change perception survey conducted in 2024 finds that 91% of people

in 14 economies in developing Asia view climate change as a serious problem. Additionally, 84% of
respondents report that they and their families are already experiencing climate change impacts or
expect to within the next decade. A majority support measures limiting emissions, investment in
low-carbon and resilient infrastructure, and the introduction of a carbon tax. While there is evident
support for climate measures in developing Asia, concerns about their effectiveness and costs remain.
Enhancing awareness about climate actions while ensuring that policies are well-designed and
address existing inequalities can alleviate doubt and boost public support.

Implemented policies will lead to dangerous levels of global warming. The 10 warmest years since
global temperatures started being recorded in 1850 all occurred in 2014-2023, and 2023 contained
the warmest months on record. If only the policies that have already been implemented are continued,
around 3°C of mean warming can be expected, while the national mitigation pledges in the NDCs

that depend on implementing new policies could reduce warming to a mean projected level of 2.4°C.
Emissions trends up until 2021 (the most recent year of comprehensive data) show no substantial
deviation from scenarios with much more warming than these values.

Feedback effects mean that climate change could happen faster than anticipated. Emissions of
methane, a potent GHG from natural ecosystems are rapidly rising, due to increases in temperature
and rainfall. Antarctic sea temperatures have been at record highs in 2024, even as seaice is at an
all-time low, reducing the reflectance of solar radiation. Fires are increasingly turning forests into carbon
sources rather than carbon sinks. As the models used to determine the warming expected under
“implemented policies” do not adequately capture these interactions, there could be more warming
than conventionally estimated, and the types of changes typifying a “high end emissions” scenario
(termed Shared Socioeconomic Pathway 5-8.5 by the Intergovernmental Panel on Climate Change)
could still occur.



Changes in the Asia and Pacific region will be greater than global trends indicate. Temperature rises
over inhabited land areas will exceed global averages, and increases will be concentrated in certain seasons
and subregions. Heat waves will dramatically increase under a high end emissions scenario, with average
days above 35°C increasing by several times by 2100. Rainfall will become more concentrated, with peak
daily precipitation increasing by 30%-50% by 2100, even as droughts become more frequent. At the same
time, the destructive power of typhoons and cyclones will approximately double in the region.

Sea-level rise will increasingly put coastal assets and populations at risk. Rates of relative
sea-level rise in key areas of the Asia and Pacific region are about double the global average, and the
region contains 70% of global population threatened by sea-level rise. Around 300 million people in
the region could be threatened by coastal inundation in the event of sea ice instability. This will be
exacerbated by increasingly destructive storm surges. New modeling suggests that trillions of dollars of
coastal assets in the region could be damaged annually by 2070 under a high end emissions scenario,
while tens of millions of people could be affected each year.

Flood losses will dramatically rise under climate change. With more rainfall and glacial melt, flows
in major river systems will increase, especially in South Asia. In addition, more concentrated and intense
rainfall, as well as more storm events, will lead to increased inundation in low-lying areas and landslides
in mountainous areas. Models suggest that around $1 trillion of annual flood damage could occur by
2070 under a high end emissions scenario, primarily in South Asia.

Climate-dependent sectors, including agriculture, forestry, and fisheries, will face diminished
output. Although higher carbon dioxide (CO,) concentrations may benefit crop growth by speeding up
photosynthesis, increasing water stress will increasingly impact yields. New empirical research suggests
that wheat yields could be reduced by up to 45% and maize yields by over 20% in parts of developing
Asia under a high end emissions scenario by 2070. Forests have a species composition that cannot
change quickly in response to climate shifts, and they face increasing risk of pest and disease attacks,
dieback, and fire under climate change. Warming of seawater and acidification by increasing CO,
concentrations put reefs and fisheries at substantial risk. Leading models show that both forestry and
fisheries yields will substantially decline under a high end emissions scenario.

Hotter temperatures will reduce labor productivity as well as human and social capital. With
longer and more frequent heat waves, much of developing Asia and the Pacific will face increasing
periods during which temperatures constrain labor supply and labor productivity. Empirical estimates
suggest that a high end emissions scenario would uniquely reduce labor productivity in the region, with
up to a 30% reduction by 2070. Extended heat waves may also lead to higher workplace accident rates,
increased conflict, and lower learning rates in schools. More heat will increase cardiovascular mortality
and exacerbate more extreme event injuries and broader transmission of vector-borne illnesses under
climate change. Many of the adverse effects on human and social capital will disproportionately affect
girls and women.

Climate change can reduce gross domestic product (GDP) in Asia and the Pacific by 17% by 2070
under a high end emissions scenario. Considering shocks to agriculture, forestry, fisheries, and other
sectors; river flooding; sea-level rise; energy; and labor productivity in an economy-wide model reveals
high economic vulnerability. Sea-level rise and labor productivity effects dominate losses, with relative
effects concentrated in lower-income and fragile economies such as Bangladesh and the Pacific island
countries, or those with extensive coastal populations such as Viet Nam. If more complex interaction
effects are considered, the losses could be much higher. Extrapolation of patterns of loss relative to
warming suggests that losses could reach 41% by 2100 under a high end emissions scenario.



Impacts will hit vulnerable and poor people the hardest. With economic losses highest for some of
the lowest-income economies, impacts are regressive. The impact channels considered also imply that
those with the lowest incomes will suffer most. Poor people are more likely to live in areas exposed to
flooding and storm surges, depend on natural resources sectors like agriculture for their livelihoods, work
in sectors exposed to increasing heat, and spend much of their income on food.

Adaptation is key to addressing large impacts locked in from emissions to date. There are

long lags in the earth’s climate system, so reductions in emissions will only gradually change the

pace of warming. In the near term, only adaptation can alter climate losses, while in the long term,
adaptation and mitigation must also address losses that are likely to be much more profound given
implemented policies and emissions trajectories. Effective adaptation policy must address both slow
onset changes and a greater frequency and/or intensity of fast-onset extreme events, while at the same
time considering other development needs. Mechanisms are also needed to address residual loss and
damage that remain after adaptation measures.

Early and coordinated investments are needed to avoid damage and enable transformational
responses as changes become more severe. There are extensive “no regret” adaptation opportunities
that are justified by large economic benefits, high-return opportunities to incorporate climate-smart
design into new investments, and low-cost preparatory actions to enable more resilience options in

the future. Realizing these opportunities requires enhanced analysis of climate change impacts and
adaptation needs upstream in development planning processes, rather than in the current fragmented
approach that characterizes efforts in many countries. Climate change introduces uncertainty,

so adaptation requires a dynamic process of readjustment as understanding grows and evolves.

A wide range of investments are needed in vulnerable sectors and systems. Adaptation is needed
in nearly every sector, although needs vary among sectors and systems. Models find that $102 billion is
needed per year in adaptation investment in the Asia and Pacific region up to 2030. Coastal protection
and river flood protection account for nearly half of this, with additional needs for agriculture, fisheries,
health, social protection, and other infrastructure. Nearly every sector has both hard infrastructure
needs to preserve functionality and serve new needs in the face of climatic changes, and soft needs to
improve planning, coordination, flexibility and governance. Deploying systems that can cope with the
volatility and unpredictability of future weather and deploy more knowledge-intensive solutions will
require enhanced technical and institutional capacity in many areas.

Market reforms can help to enable adaptive capacity. Individuals and firms have a natural incentive to
pursue climate change adaptation if markets are functioning well, as benefits are local and appropriable.
Climate change adaptation is facilitated when climate signals are well transmitted and market actors

have freedom to respond. In Asia and the Pacific, key markets, such as for land, are subject to incomplete
property rights and other distortions, which restrict incorporation of climate risks. Subsidies for water and
other natural resources encourage overuse that exacerbates scarcity and damage. International trade

can be an important means of adapting to climate change, but many countries in the region are imposing
trade barriers. More open trade can help build resilience to climate-related shocks by diversifying supply
chains, stabilizing markets, and spreading adaptation technologies.



All economies in the region have adaptation policies, but many could be strengthened. Most
have prepared National Adaptation Plans (NAPs), and most NDCs from the region also include
priorities on adaptation. While many of these documents cost climate adaptation measures, there
remains scope to use economic analysis to help set priorities. More broadly, there remains a need to
integrate adaptation into medium-term development plans and expenditure frameworks.

Adaptation investment needs are far in excess of financing flows. A review of financing needs
identified by countries in the region indicates annual targeted investment of $431 billion. Although, in
aggregate, this is higher than modeled needs of $102 billion, what is clear is that identified needs are far in
excess of the approximately $34 billion of tracked adaptation finance that was committed in the region in
2021-2022, or the $11 billion that the region received from international sources. Only around 1% of known
regional adaptation finance came from the private sector.

To fill the financing gap, adaptation finance should be mobilized from both public and private
sources. Adaptation investment plans can be an important tool to engage stakeholders to fill the

gap between NAPs and bankable adaptation investments, at the strategic rather than project level.
They can provide more coherent consideration of economic analysis (including positive externalities)
and financial assessments, and more focus on using public, private, and blended solutions. Catalytic
instruments, including innovative risk-sharing and guarantees, can be used to blend private and public
finance to lower initial and life-cycle costs for adaptation infrastructure.

Continuous reassessment and communication of potential climate change impacts and
adaptation actions are warranted, given uncertainties. Climate change adaptation policies are set
in the context of (i) uncertainty about future GHG emissions, (ii) climate model uncertainty about the
climate and weather changes that result from emissions, (iii) sector model uncertainty about the biophysical
impacts of climate and weather changes, and (iv) socioeconomic uncertainty about how development will
condition people’s exposure and vulnerability. This means that there is a need for policymakers to continually
revisit and improve predictions with new science, including via updated climate models, downscaling models,
sector models, and economic models. Similarly, many adaptation measures involve innovations and new
approaches that benefit from systematic testing. To ensure that climate risks are internalized in all relevant
planning and investment processes, they need to be continuously communicated.

Private sector capital is essential to meet vast climate finance needs. While climate finance has

been growing globally, it needs to keep rising as a large gap remains between needs and available financing.
Private capital is the key to closing this funding gap. During 2021-2022, the private sector provided 49% of
global climate finance, although this was only 40.2% in developing Asia. Given limited public resources and
competing policy priorities, the private sector’s share is expected to rise to around 90% by 2030.

Emerging business opportunities boosted by climate policies and financial market development
facilitate the scale-up of private climate capital. Both climate mitigation and adaptation offer major
investment opportunities, with commercially viable opportunities in renewable energy production,
upgrading electricity grids, electric vehicle production and charging infrastructure, and water-saving
technologies. Climate policies such as carbon pricing and clean energy subsidies help enhance the
profitability and commercial viability of climate investments. Financial market development, including
green and sustainable bonds, sustainability-linked bonds, and transition bonds help direct private capital
into climate investments. Climate investments also contribute to nonpecuniary gains for investors,

such as improved reputation and stakeholder partnerships.



Greater climate-related risks and the associated shifts in the regulatory landscape are pushing
significantly more private capital into climate-aligned investments. Climate-related risks threaten
business viability due to supply disruptions, asset damages, and demand shocks, leading firms to invest
in climate-resilient technologies and adapt their business processes. Institutional investors are shifting
toward climate-aligned assets to reduce their exposure to climate-related risks, adjust to the changing
preferences of stakeholders, and comply with emission reduction targets, including those deriving

from carbon-border adjustment mechanisms. Climate-related disclosure helps markets differentiate
firms’ climate-related risk exposure and progress made in addressing them, thus benefiting the more
sustainable firms.

Uncertainty and misaligned climate policies weaken the incentives for private climate
investment. Various political and economic considerations can weaken the implementation of
climate policies, causing policy uncertainty and hampering confidence in climate investments.

Our analysis shows that investors hold more sustainable assets when countries adopt climate laws,

a signal of reduced climate policy certainty. Misaligned policies reduce incentives for private investors.
For example, incentives to invest in low-carbon projects weaken when carbon pricing, green subsidies,
and fossil fuel subsidies exist at the same time.

Increased policy certainty via comprehensive and aligned policies can generate consistent
incentives to attract private climate capital. Governments may adopt a comprehensive set of
climate policies featuring a mix of price and non-price policies to enhance profitability of climate
investments and incentivize private capital. Governments must ensure that policies are aligned with
each other to offer consistent incentives for climate-aligned investments. Holistic policy packages can
help mobilize private climate capital by pairing climate policies with supporting infrastructure and an
enabling ecosystem. One example is combining transportation emissions efficiency standards with the
establishment of electric vehicle charging stations.

A lack of reliable information disclosure and enabling financial markets is a constraint on
raising private climate capital. Limited climate risk data, risk management tools, and climate
disclosures constrain climate-oriented private investments. Sustainability disclosure is largely
practiced by publicly listed companies, while many nonpublicly listed companies, especially micro,
small, and medium-sized enterprises, lack the monitoring capacity and resources to participate.
Sustainable bonds and loans remain a small fraction of overall corporate financing in developing Asia.
The absence of an agreed-upon transition taxonomy and credible transition pathways also constrain
private investments. Multiple overlapping taxonomies raise transaction costs and may even disrupt
financial intermediation for international climate finance. Underdeveloped capital markets in some
developing Asian economies limit their capacity to mobilize private climate capital.

Developing a climate-oriented financial system and accelerating sustainability disclosure can
further unlock private climate capital. Building a climate-oriented financial system helps promote
private climate capital by mainstreaming the consideration of climate-related risks that undermine
investment decisions. Policymakers can accelerate the adoption of globally compatible sustainability
disclosure standards, such as those of the International Sustainability Standards Board, to effectively
reduce the transaction costs and compliance risks of investors. Governments need to equip small and
medium-sized enterprises with capacity and resources for sustainability disclosure. Regulators need to
lead the development of transition taxonomies and support institutions to develop credible transition
pathways to raise more transition finance. Regulators must develop globally compatible green and
transition taxonomies to raise climate finance from a global private finance pool.



Several challenges weaken the commercial viability of climate-oriented projects. Many
climate-oriented projects face challenges such as lack of insurance, high up-front costs, and relatively
long payback horizons. For example, renewable energy faces geopolitical risks due to concentrated
supplies of critical minerals. The commercial viability of some climate investments is weakened by high
preparation costs and socio-environmental costs. Foreign private investors also face higher counterparty
credit risk, currency risk, regulatory risk, and repatriation risk, especially when investing in emerging
economies. This further reduces commercial viability.

The public sector can help overcome barriers to private climate investment by de-risking
investments and creating an enabling investment environment. Governments and development
institutions can stimulate private investments through de-risking instruments such as first-loss
guarantees, insurance, and credit enhancements. Solutions like blended finance can enable adoption
of innovative structures and de-risking instruments to attract private investors with different
risk-return preferences and mandates. Blended finance also can generate demonstration effects for
new technologies. The public sector can strengthen the investment environment to enable private
sector participation by liberalizing markets, reducing entry barriers to help scale new technologies,
and overcoming market rigidities such as long-term power purchase agreements.

Muiltilateral organizations and global initiatives can help stimulate private financing in
developing Asia. Multilateral organizations and global or regional initiatives help boost private finance
through schemes such as the Multilateral Investment Guarantee Agency and investments such as
policy-based lending or project support facilities. Technical assistance can help specify how climate
commitments can include necessary policy reform and implementation. Multilateral development
banks can add value by helping governments develop an enabling market environment, strengthen
climate investment pipelines via better project preparation that engages the private sector and
establish modalities and partnerships with global initiatives and multilateral organizations to improve
governments’ capacity for policy and market development.

There is growing momentum for applying carbon pricing instruments in Asia and the Pacific.

As an integral element of the broader climate policy architecture, carbon pricing plays a critical role in
enabling developing countries in the region to achieve climate mitigation targets and green economic
growth. Eight national initiatives have been implemented or are being developed in the region, including
carbon taxes in Japan and Singapore and emissions trading systems (ETSs) in Australia, the People’s
Republic of China (PRC), Indonesia, Kazakhstan, the Republic of Korea, and New Zealand. Additionally,
the Philippines, Thailand, and Viet Nam are considering the adoption of a domestic ETS. Momentum is
also growing in the region for economies to participate in international carbon markets under Article 6 of
the Paris Agreement.

Developing Asia provided $600 billion in public financial support for fossil fuels in 2022, which
acts as a negative carbon price and reinforces dependence on fossil fuels. The support included
$440 billion in subsidies, at least $146 billion in capital investment by state-owned enterprises and

$14 billion in international public finance. Most of the subsidies reduce prices of fossil fuel, leading
consumers to use more fossil fuels than they otherwise would. Financial support for new production
capacity increases fossil fuel investment and therefore locks countries into fossil supply chains,
creating the risk of stranded assets. Fossil fuel subsidies are a costly and counterproductive mechanism
to support energy access if they are not targeted and complemented with measures that incubate clean
energy alternatives. Rationalizing and phasing out fossil fuel subsidies has been slow, despite pledges
made by governments.



Carbon taxation can be a powerful mechanism for cost-effectively reducing GHG emissions.

By letting polluters decide how to reduce their emissions, a carbon tax ensures that the methods chosen
minimize costs. A carbon tax can also raise significant revenue more efficiently because a well-designed
carbon tax is harder to avoid or evade than other commonly used taxes. This is a particular advantage

in economies with substantial informal sectors. An ideal carbon tax should reflect the harm caused by
carbon emissions, cover a broad range of GHG emissions, and be collected “upstream.” The revenue
from carbon taxation should be redirected to the highest-value public uses.

A carbon tax is expected to have moderate macroeconomic effects while not being regressive.
Although further evidence is needed, existing studies suggest that the adverse impacts of a carbon tax on
both growth and inflation are likely to be small. The employment effects of a carbon tax are primarily a shift
in jobs from carbon-intensive to lower-emission sectors, with minimal aggregate effects on employment.
Policies such as preannouncement, phased implementation, and worker retraining can facilitate smoother
transitions for affected workers. Policymakers can make the distributional effects more progressive by using
tax revenues for targeted transfers, anti-poverty programs, or reducing regressive taxes.

Experience in designing and operating ETSs in the region holds several lessons for economies
looking to establish one. Efficiency-based targets balance the goals of reducing emissions and
expanding production, but they may limit the ability of the ETS to significantly curb absolute emissions.
To mitigate this, countries should incorporate clear timelines and strategies for ensuring ETS emission
impacts and transitioning to pure cap-and-trade systems. Second, institutional and regulatory
frameworks are pivotal for the smooth operation of an ETS. When developing an ETS, Asian economies
should dedicate significant work and resources to develop and refine their monitoring, reporting, and
verification systems. Legislation should mandate facilities that have an impact report their annual GHG
emissions data. In addition, the heavily regulated power sectors will hinder carbon price pass-through
in many developing Asian economies, muting the overall ETS. ETS architects and governments

should coordinate closely with power market reformers to enhance the effectiveness of ETS pricing
mechanisms. Finally, allowing for offset use in an ETS can add flexibility for regulated entities to meet
emissions reduction targets.

Developing economies in Asia and the Pacific can leverage international carbon markets

to meet domestic climate goals. While many focus on exporting carbon credits, there is also
potential for purchasing credits to meet NDCs, especially when domestic abatement costs are high.
Private sector involvement can help overcome the political challenges of using public funds for carbon
credit purchases. Although the region has extensive experience with carbon market mechanisms,
countries face challenges such as lack of national strategies, governance, institutional capacity, and
carbon market expertise. The development of holistic national carbon market strategies is essential
for engaging effectively with international markets. These strategies should strike a balance between
selling mitigation outcomes and meeting NDC targets and promote the integration of compliance
and voluntary markets. Additionally, effective NDC accounting frameworks are crucial for authorizing
and tracking international transfers of mitigation outcomes. Governments must also promote and
potentially regulate voluntary market activities to enhance market participation.

The carbon pricing impact on competitiveness between countries and regions can be mitigated
with proper policy responses. The effects will depend on both current competitiveness and carbon
intensities in affected industries. Potential responses include output-based rebating and/or border
carbon adjustments. Output-based rebating provides tax rebates proportional to production in emitting
industries, while border adjustments tax carbon-intensive imports. Border carbon adjustments offer
better incentives, enforce a level playing field in trade, and help reduce carbon leakage. Yet, they

cannot avoid distortions and leakage unless carbon pricing schemes are extended to a broader set

of countries worldwide.
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Climate change is a defining challenge of the 21st century and more ambitious action is needed to
address it effectively. Damage caused by climate change has intensified in recent years, and its impacts are
expected to become more severe. While mitigation efforts have gained momentum, they remain insufficient
to meet global targets. Climate-related events, such as extreme heat and droughts, devastating floods and
storms, and the spread of infectious diseases, are already affecting billions of people around the world. Since
1995, successive global summits and agreements, most prominently the 2015 Paris Agreement on Climate
Change, have called for action to decarbonize the world’s economies. Yet, in 2023, greenhouse gas (GHG)
emissions were still rising, and global warming continues to accelerate. The first global stocktake of climate
action under the Paris Agreement, conducted at the 28th Conference of the Parties (COP28) to the United
Nations Framework Convention on Climate Change (UNFCCC) in November 2023, found a “glaring gap” in
emissions reduction commitments and actions, with reviewers concluding that the world is “significantly off
track” in meeting Paris Agreement targets (UN 2023).

The window to stay within the 1.5°C target of the Paris Agreement is rapidly closing. Parties to the

Paris Agreement agreed to limit average global temperature rise to “well below 2°C above pre-industrial levels”
and aim for 1.5°C. By 2023, the 1.5°C target had almost been exceeded, as average temperatures soared to
1.46°C above preindustrial averages (C3S 2024). Unless more ambitious and large-scale mitigation action

is taken urgently, the world risks overshooting critical tipping points,* with disastrous consequences for the
livability of large parts of the planet. As this report highlights, even if no tipping points are triggered, exceeding
2°C of warming would significantly increase risks, adverse impacts, and related damages and losses.

The transition to low-carbon economies is underway in Asia and the Pacific, but must be accelerated.
Carbon intensity is declining steeply only in some parts of Asia, and it always declines as economies move to
be more dominated by services. Developing Asia invests more in renewable energy than any other region in
the world, and currently hosts more than 50% of the world’s solar and wind generation capacity. Forty-four
economies in the region have submitted nationally determined contributions (NDCs) to the UNFCCC, and
many have adopted net zero targets.? Yet, emissions continue to rise from the region, and achieving net zero
targets within the century will require large investments and transformative changes.

People in the region are highly concerned about climate change and its impacts. They also want to

see more ambitious government action. In a 2024 online survey conducted by the Asian Development Bank
(ADB), involving about 13,500 residents in 14 Asian economies, 91% of respondents identified climate change
as a serious problem (Abiad et al. 2024).2 As seen in Table 1.1, concern was highest in the subregions of

South Asia (90%-92%) and Southeast Asia (84%-96%). Additionally, 84% of respondents from across the
region reported that climate change was already affecting them or their families or that they expected to
experience impacts within the next 10 years. However, awareness of government policies and pledges to

T Tipping points are defined by the Intergovernmental Panel on Climate Change (IPCC) as “critical thresholds in a system that, when
exceeded, can lead to a significant change in the state of the system, often with an understanding that the change is irreversible.”
Examples of global-warming-related tipping points are the collapse of ice sheets in Greenland and Antarctica, which would result in
rapid sea-level rise; the thawing of boreal permafrost, which would release large amounts of methane and contribute to rapid warming;
and the disruption of ocean currents (ESA 2023).

Net zero is defined as a state where emissions and removals of GHGs are balanced, meaning the economy no longer contributes to
global warming (NZT 2024).

ADB’s climate change perception survey assessed about 13,500 respondents across 14 Asian economies and covered respondents’
characteristics, perceptions of climate change, policy awareness, support for mitigation and adaptation measures, and willingness to
adopt climate-friendly behaviors.

This chapter was written by a team of ADB staff consisting of Brendan A. Coleman, Jules Hugot, Arturo M. Martinez Jr.,
Homer Pagkalinawan, Madhavi Pundit (lead author), and Melanie Grace A. Quintos.
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Table 1.1: Beliefs, Concerns, and Support for Policies on Climate Change
(% share of respondents)

- a ASIa o ASIa O ea -
Share of Respondents - o '

Climate change...is a serious problem
c |- affects people now and in the next
2 10 years
a
§ ... affects my family now or within the 75 78 74 79
& | next 10 years

Government has taken action to 64

reduce climate change
£ | Heat waves 54
(]
£ | Flooding 67 | 48
§ Unpredictable weather 57 | 47
a
g Less productive agriculture/higher food 36
9 | prices/reduced food security
c
S | Drought 43 | 35
w | Laws and regulations limiting emissions 60 | 53
o . .
'S | (e.g., emission standards for buildings
Tg_ and appliances)
:°: Investment in low-emission, resilient 74 |71 71 70 | 56 75 52 69 |56 63 59 68 50 76 | 65
g infrastructure (e.g., renewable energy,
2 | public transport)
3
Y | Carbon tax 54 | 65 50 55 |53 74 42 64 | 37 47 45 53 46 68 | 54

CCA = Caucasus and Central Asia, PRC = People’s Republic of China.

Notes: The figures in the table denote the share (%) of respondents by economy for each climate-related issue. Green denotes higher share; red
lower share. Results are weighted by age, gender, location, and education.

Source: Abiad, A, J. R. Albert., A. Martinez, M. Pundit, and M. Thomas. 2024. Voices of Change: Public Sentiment on Climate Change Policies in
Asia. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.

address climate change varied. It was relatively high in the People’s Republic of China (PRC), Singapore, and
Viet Nam, but notably lower in Pakistan, Sri Lanka, and Thailand. Most respondents supported mitigation and
adaptation measures, especially investments in low-emission and resilient infrastructure, and flood protection.

1.2 Opportunities Arising from Low-Carbon Transition

Avoiding the worst consequences of climate change is still possible and necessary to prevent severe damage
to communities and economies. Significant additional warming is already inevitable due to the long lifetime of
carbon dioxide (CO,) in the atmosphere, but action taken now can prevent the world from overshooting critical tipping
points. This would require a whole of economy transition to low-carbon technologies and systems. Such transitions are
particularly challenging in energy-intensive industry sectors such as steel and cement. Substantial changes would also
be required in waste management, agriculture, and land-use practices, such as reduced deforestation and increased
nature restoration and afforestation. While the transition to net zero emissions is anticipated to cost developing Asia a
significant amount, the cost of inaction would be many times higher (ADB 2023a).



The co-benefits of climate action significantly outweigh the associated costs. These co-benefits
include improved public health, reduced agricultural losses, and the creation of high-quality jobs, with the
most significant advantages emerging in the medium to long term (although benefits are also notable in the
short term). ADB (2023a) projects that the accelerated pursuit of net zero could generate 1.5 million jobs in
the energy sector by 2050 and prevent up to 346,000 annual deaths from air pollution by 2030. Moreover,
starting ambitious climate action now could reduce the costs of achieving net zero by 10%-20% compared

to delaying until after 2030. Public support for climate action is growing as impacts become more apparent
and as awareness increases about the potential to drive sustainable, inclusive economic growth. Scaling up
climate finance to invest in advanced climate technologies and nature-based solutions can foster low-carbon,
climate-resilient economic growth.

Developing Asia is well positioned to seize opportunities from climate action. Its comparative
advantages include:

(i) Green energy potential and pricing. The region’s economies have large renewable energy
generation potential and can produce some of the world’s cheapest low-carbon electricity. In 2022,
solar photovoltaic electricity in the PRC and India was generated at $0.04 per kilowatt-hour (kWh),
compared to $0.06/kWh in the United States and $0.08/kWh in Germany (OWD 2022). A similar
trend is observed for onshore wind energy. The region’s solar and wind generation capacity is also
growing faster than anywhere else in the world (IRENA 2023). By developing a green hydrogen industry,
the region could harness this affordable energy to support the industrial production of low-carbon
products and materials, which are increasingly in demand.

(i) Capacity to transition to low-carbon production. The region is home to some of the world’s
fastest-growing and most innovative economies (IMF 2024; WIPO 2023). Many economies in the
region benefit from large workforces and high-quality technical education, providing significant
opportunities to gain economic benefits from the global transition to low-carbon technologies.

For example, economies in East Asia and Southeast Asia, with their strong manufacturing sectors, are
well-placed to produce and export renewable energy components and other advanced technologies.
In 2022, developing Asia manufactured 98.4% of the world’s solar photovoltaic cells, with the PRC
accounting for 84% and Malaysia, Thailand, and Viet Nam also contributing (IEA 2023). According to
ADB (2023b), manufacturing related to renewable energy in Southeast Asia could generate between
$90 billion and $100 billion in annual revenue by 2030 and create up to 6 million jobs by 2050.

(iii) Scope for gains in carbon and energy efficiency. The carbon intensity of the region’s industry
and energy sectors remains high compared to global averages. This indicates significant potential for
efficiency gains using proven, cost-effective technologies through investments with short payback
periods. By enhancing energy and carbon efficiency, the industry and energy sectors can reduce costs
and boost competitiveness, while rapidly cutting GHG emissions and pollution.

Seizing these opportunities can deliver numerous benefits, including for vulnerable communities.
Developing Asia has the potential to become a pivotal force in climate action by reducing emissions and
pollution, while improving public and environmental health. These efforts will create millions of high-quality
green jobs in sectors that are environmentally, socially, and economically sustainable. With well-designed
policies, the transition to net zero also presents an opportunity to build more equitable and inclusive
economies. This requires the development of growth strategies that incorporate inputs from, and address the
needs of, all societal stakeholders—particularly the most vulnerable and traditionally underrepresented groups.
By raising its ambitions now, developing Asia can lead the way and unlock significant benefits for the region.



As the window to prevent severe climate impacts narrows, policymakers need reliable information.
Information on climate trends and impacts is required for developing effective national climate strategies and
for avoiding disorderly transitions and maladaptation. This report aims to provide actionable insights that
support the development of well-informed climate policies and action plans aligned with global and national
climate goals. In turn, these insights will facilitate the mobilization and deployment of climate finance with the
greatest impact, ensuring optimal resource allocation for impactful climate solutions.

The current period is pivotal for advancing Paris Agreement goals. Starting in 2025, Parties to the
UNFCCC will submit their updated NDCs, known as “NDCs 3.0”. These updated commitments are expected
to reflect more ambitious mitigation and adaptation targets following the first global stocktake at COP28 in
2023, which revealed insufficient progress. Many of ADB’s developing member economies have announced
net zero targets, but detailed road maps and sectoral plans have yet to be developed. Many economies also
lack long-term strategies for decarbonization.

The report aims to engage all stakeholders by discussing the rationale and methods for ambitious
climate action. It provides an overview of the latest data on emissions and climate impacts in developing Asia,
highlights effective mitigation and adaptation policies and initiatives, explores equitable climate policies to
garner broad public support, and discusses the role of climate finance in supporting these efforts.* While its
primary goal is to facilitate evidence-informed policy dialogue and underscore the importance of setting
ambitious climate targets, the report also informs the private sector, civil society, academia, and the public
about climate risks, opportunities, adaptation initiatives, and mitigation pathways relevant to the region.
Achieving decarbonization, adapting to climate change, and fostering a more inclusive and sustainable future
require the active participation of all members of society.

The region both suffers from and contributes to climate change. Developing Asia is home to some of the
world’s most climate-vulnerable economies, where populations are already facing frequent extreme weather
events, including intense heat waves, floods, and droughts. For example, the Lao People’s Democratic Republic
and Viet Nam recorded unprecedented high temperatures in 2023, while several low-lying small island
economies in the Pacific are at risk of flooding due to rising sea levels. At the same time, the region includes
three of the top 10 GHG-emitting economies globally—the PRC, India, and Indonesia.

Developing Asia has accounted for most of the increase in global GHG emissions since 2000. While
advanced economies were major emitters of GHGs throughout the 20th century, emissions from developing
Asia have grown more rapidly than those from any other region in the first 2 decades of the 21st century.
Consequently, the region’s share of global emissions rose from 29.4% in 2000 to 45.9% in 2021 (Figure 1.1).
In contrast, Europe’s emissions peaked before 2000 and those of the United States peaked in 2007 (Levin and
Rich 2017). Emissions from developing Asia continue to rise, driven primarily by the PRC, which contributed
about 30% of global emissions in 2021. The region is home to 60% of the world’s population and though per
capita emissions are still lower than the global average, effective climate action cannot be achieved without
Asia’s decarbonization efforts.

4 Additionally, ADB’s Key Indicators for Asia and the Pacific 2024: Data for Climate Action provides a comprehensive assessment of data on

climate change drivers, impacts, and vulnerability, along with strategies for mitigation and adaptation.
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Figure 1.1: Greenhouse Gas Emissions in Selected Regions and Subregions of the World, 1990-2021
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Source: World Resources Institute. Climate Watch (accessed 23 August 2024).

Rising domestic consumption and increasing energy demand are key factors driving emissions in
developing Asia. High production levels to meet the demands of advanced economies also contribute to
this trend. While per capita emissions in most of the region are significantly lower than those in advanced
economies, the PRC’s per capita emissions have surpassed those of Europe and Japan, reaching about

9.05 tons of CO, equivalent in 2021 (Figure 1.2). Despite a rapid decline in carbon intensity since 2000,
levels in developing Asia, particularly in East Asia, remain notably higher than those of advanced economies.
Emissions intensity is expected to decrease further with the growth of the services sector, enhanced carbon
and energy efficiency, and a shift from fossil fuels to renewable energy sources.

The energy sector is the largest source of emissions in developing Asia. Due to the region’s heavy
reliance on fossil fuels for energy production, its energy sector accounted for 77.6% of regional emissions

in 2021 (Figure 1.3). For comparison, the global energy sector’s contribution to worldwide emissions was
74.8%. Figure 1.4 highlights the region’s contributions to global emissions across specific energy subsectors,
showing that developing Asia generated a significant share in manufacturing and construction (63%) and in
electricity and heat production (56%), with East Asia as the primary contributor. Although emissions in the
transport subsector were lower (28%), they are projected to increase as economies develop and private vehicle
ownership expands (ATO 2023).
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Figure 1.2: Per Capita Emissions and Emissions Intensity in Developing Asia Versus Global Comparators
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Sources: World Resources Institute. Climate Watch (accessed 23 August 2024); International Monetary Fund. World Economic Outlook Database
(accessed 23 August 2024); and CEIC Data Company.

Figure 1.3: Emissions by Sector in Developing Asia, 2021
@ Energy @ Agriculture @ Industrial processes ) Waste @ Land-use change and forestry

Source: World Resources Institute. Climate Watch (accessed 23 August 2024).
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Figure 1.4: Share of Regional Emissions in Total Global Emissions for 2021, by Energy Subsectors
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The high carbon intensity of the region’s electricity sector poses both challenges and opportunities.
While the sector holds significant potential for rapid decarbonization, there is a risk of locking in high emissions
for decades if fossil-fuel-based power plants are not decommissioned promptly. To mitigate this risk,
governments in developing Asia should consider accelerating decommissioning timelines. Additionally, since
renewable electricity generation is often more cost-effective than fossil-fuel-based options, it is crucial for
economies to ensure that any new installed generation capacity is low carbon.

Investment in renewable energy is strong and this momentum should be sustained. In 2023, foreign

direct investment in sustainable development projects—mainly in renewable energy, transport, and
telecommunications—increased by 54% in developing Asia (UNCTAD 2024). The region has emerged as a global
leader in wind and solar power, home to 52.5% of the world’s installed capacity in 2022, largely due to significant
investments in the PRC, which accounted for over 73% of this capacity (ZCA 2023). In the Caucasus and Central
Asia, Southeast Asia, and the Pacific, hydropower remains the dominant renewable energy source, relative to total
capacity (Figure 1.5). Several smaller economies including Bhutan, Nepal, the Kyrgyz Republic, and Tajikistan,
generate the majority of their electricity (86%-100%) through hydropower. To achieve net zero emissions,
substantial investments are needed not only in generation capacity but also in energy storage, grid enhancement,

Figure 1.5: Share of Renewables in Total Installed Capacity in 2023, by Subregion
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Source: International Renewable Energy Agency. IRENA Database (accessed 8 October 2024).
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and smart grid technologies to manage the intermittent nature of sources such as wind and solar energy.
Meanwhile, the extensive hydropower resources in developing Asia can support grid stability as wind and solar
power capacity increase, and enhanced grid interconnection can help to further mitigate intermittency challenges.

As the cost of renewable energy technology continues to decline, capacity is expected to expand further
across developing Asia. Manufacturing costs of solar photovoltaic cells and batteries are lower in developing
Asia than in other parts of the world, and still decreasing. This competitiveness has driven the rapid expansion

of renewable generation capacity in the region. In 2022, the PRC and India achieved some of the lowest solar
photovoltaic installation costs globally, while generation across developing Asia more than doubled from 2018

to 2022 (Figure 1.6). Although less pronounced, a similar pattern has also been observed in wind turbine
installations. The connected trends of growing capacity and declining prices are expected to continue, as lower
costs for energy storage technologies will further boost the competitiveness of renewable energy and enable more
diverse applications, especially in industrial electrification, transportation, and heating.

Figure 1.6: Renewable Energy Installation Costs and Generation
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Agriculture and industrial processes also contribute significantly to GHG emissions in the region.

In 2021, agricultural emissions accounted for 10.6% of the region’s total emissions, at 2.3 gigatons of carbon
dioxide equivalent (GtCO.e), while industrial emissions made up 8.6% (at 1.9 GtCO,e). Key drivers of
agricultural emissions include the livestock sector and methane emissions from rice cultivation. Improved rice
cultivation practices, enhanced livestock management, and sustainable farming techniques should be explored
for their potential to reduce emissions rapidly and at low cost (IPCC 2019; Rahut et al. 2023).

Emissions from land-use change and forestry are substantial in some economies. In Southeast Asia,
particularly in Indonesia, deforestation for palm oil, timber, and agriculture is a major source of emissions
(Chen et al. 2024). Meanwhile, Bhutan’s extensive forests have helped it achieve net zero, which highlights the
need for efforts to reduce deforestation and enhance forests as carbon sinks across developing Asia. Several
economies, including the PRC, India, Indonesia, Malaysia, and the Philippines, have set ambitious reforestation
targets to mitigate climate change and protect biodiversity (Bosshard 2022; WEF 2022).

The region’s transport emissions, although low as a share of total regional emissions, are rising and
require innovative solutions. As of 2021, developing Asia accounted for 28% of global transport emissions,
up from 14% at the turn of the century. Since access to transport remains relatively limited in the region,
particularly in rural areas, the sector’s growth is necessary to spur economic development. However, combined
with urbanization, this growth could lead to transport emissions more than doubling from 2.9 GtCO_e in 2018
to 7 GtCO,e in 2050 (ATO 2023). To mitigate increases in transport emissions, economies should promote
alternatives such as two- and three-wheeled vehicles over passenger cars while also developing integrated
mass transit systems.

Climate change will drastically alter the living conditions for people in developing Asia. The most
pronounced impacts of climate change in the region will be felt in the frequency, duration, and severity of
heat waves, followed by shifts in precipitation patterns that will elevate flood risks and increase drought
occurrences. More severe storms and rising sea level are expected to increasingly threaten low-lying coastal
areas, including coastal megacities where populations and economic assets are heavily concentrated.
Chapter 2 quantifies the economic implications of a high end emissions scenario, estimating GDP reductions
of 17% by 2070, which may increase to 41% by 2100.

People are increasingly recognizing the severity of threats to the region posed by climate change.
Respondents to ADB’s climate change perception survey expressed the highest concern about severe heat
waves (54%), floods (48%), and unpredictable weather (47%), mirroring scientists’ expectations of climate
impacts (Table 1.1). The survey revealed that climate change concerns varied depending on the lifestyles and
demographics of respondents. Users of public transportation and those exposed to diverse news sources showed
higher concern; and higher education levels generally correlated with increased concern. Age effects varied

by economy: individuals aged 35 to 54 were more concerned in some economies, such as the Philippines and
Singapore; while those aged 55 and older were more concerned in other economies, including India, Kazakhstan,
and Sri Lanka. These findings underscore the complex factors that shape perceptions and highlight the need for
targeted climate communications and policy strategies.

Increased investment in climate change adaptation initiatives is essential. This investment can help
reduce the exposure and vulnerability to climate risk of developing Asia’s communities and economies.

By enhancing resilience, these initiatives can protect critical infrastructure, safeguard livelihoods, and ensure
food and water security in the face of climate challenges. However, this report highlights that the gap between
required and available adaptation finance is substantial, potentially reaching hundreds of billions of dollars
annually. To address this, governments will need to explore new sources of funding for adaptation initiatives.



Residents of developing Asia are also calling for increased investment in resilience and adaptation.
ADB’s climate change perception survey highlights a strong consensus among respondents on the need for
robust flood protection infrastructure, early warning systems, and climate-resilient infrastructure® (Figure 1.7).
Measures such as resilient water supply, coastal protection, agricultural adaptation, and conservation of
natural areas also received support in the survey, although priorities may vary by local context. For financing
adaptation initiatives, over half of the respondents favored efforts to reduce corruption and tax evasion, as well
as implementation of progressive taxation. Other preferred financing options included international support
through climate funds and foundations, and, to a lesser extent, carbon taxation. These preferences underscore
the importance of establishing equitable and efficient financing mechanisms to secure broad support for
investment in adaptation initiatives.

Figure 1.7: Public Preferences for Government Adaptation Measures and Funding Options
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1.6 Scope for Higher Ambitions and More Concrete Plans

Accelerating mitigation is key to avoiding the worst impacts of climate change, and feasible pathways
for rapid decarbonization exist. ADB (2023a) highlights that key opportunities for mitigating emissions

in developing Asia currently lie in increasing energy efficiency and changing land use practices. Under the
accelerated global net zero scenario, improvements in energy efficiency are projected to be the most significant
source of emission reductions prior to 2040, followed by non-CO, abatement, particularly in agriculture

and land use. In the long term, most mitigation is achieved by changing the energy mix to be dominated by
renewables and use of carbon capture and storage, with the power sector transitioning faster than the rest

of energy. While transitioning from fossil fuel-based generation to renewable energy takes time, adopting
energy-efficient behaviors and equipment can happen more swiftly. In the case of Southeast Asia, land use
emissions can be rapidly reduced by halting deforestation and making simple changes to reduce methane
emissions from rice production. Even under moderate climate action scenarios, the share of coal in the
region’s energy mix is expected to decrease from nearly half in 2023 to less than a quarter by 2050. With more
ambitious policies, this share of coal could drop to 13% during the same period. Table 1.2 outlines further
milestones under the accelerated global net zero scenario that economies in developing Asia should aim for
between now and 2070 to align with global climate goals.

5 Climate-resilient infrastructure is infrastructure that is planned, designed, built, and operated with changing climate impacts in mind

(Cho 2024).



Table 1.2: Select Key Milestones to 2070 Under the Accelerated Global Net Zero Scenario

Year Energy Carbon Price Land Use Co-Benefits
2030 The carbon price Improved air quality 346,000 premature
reaches $70 per prevents crop yield deaths from air
ton of CO,e. losses of 8 million tons.  pollution are
prevented annually.
2035 Coal is almost completely phased out of the
electricity mix.
2040 Wind and solar provide 75% of the region’s electricity.
2050 Renewable energy provides 40% of the region’s The carbon price Forest cover has 1.4 million coal jobs are

energy needs.

Installation costs of solar photovoltaic have declined
by 76% and of onshore wind by 66%.

reaches $153 per
ton of CO,e.

increased by 95 million
ha to 30% of the total
area; 39 million ha of
land is used to grow

lost, but 2.9 million new
renewable energy jobs
are created.

energy crops.
Fossil fuel imports are reduced by 71% in South Asia,
45% in Southeast Asia, and 36% in India.

In the PRC, more than 25% of final energy in road
transport is provided by electricity.

97 million ha of land
(5% of land area) is used
to grow energy crops.

2070 Renewable energy sources provide 50% of the
region’s energy needs.

Per capita electricity consumption has increased
2.7times since 2020; the share of electricity in final
energy consumption is over 50%.

87% of final energy in road transport is provided
by electricity.

PRC = People’s Republic of China, CO,e = carbon dioxide equivalent, ha = hectare.
Source: Asian Development Bank. 2023. Asia in the Global Transition to Net Zero: Asian Development Outlook 2023 Thematic Report.

Governments in developing Asia are already working to combat climate change, but there is scope

to further raise ambitions. Within developing Asia, 44 economies (which account for 98% of the region’s
total emissions) as Parties to the UNFCCC, have ratified the Paris Agreement, and have submitted their
NDCs. These NDCs outline commitments to reduce national GHG emissions and adapt to climate impacts,
with some detailing strategies for finance, technology, and capacity building. Since 2020, all Parties have
revisited, and some have increased, their NDC ambitions. For example, India has achieved two of its NDC
targets ahead of time and has increased its goal to reduce the emissions intensity of its GDP from 35% to 45%
by 2030, compared to a 2005 baseline. Viet Nam raised its emissions reduction target for 2030 from 9% to
15.8% (unconditional) and from 27% to 43.5% (conditional).® Viet Nam also committed to reducing methane
emissions by 30% by 2030, aligning with the Global Methane Pledge,” and developed a Methane Emission
Reduction Action Plan through to 2030 (UNFCCC 2022). Nepal’s second NDC submission provides more
detail than the first, with quantified targets for agriculture, energy, forestry, and waste, and a commitment to
gender equality and social inclusion by empowering women, Indigenous Peoples, and youth in climate policy
(MHP 2020). Despite these updates, NDC commitments across developing Asia remain insufficient to align
with the Paris Agreement goals (Figure 1.8).

6 Unconditional targets are those that a country commits to achieving independent of additional external financial support. Conditional
targets can only be achieved with additional external financial support.

7 Methane s a highly potent GHG with a shorter atmospheric lifetime than CO,. Its warming potential is 28 times greater than CO, over
a100-year period and 84 times greater over a 20-year period (European Commission n.d.).
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Figure 1.8: Possible Emissions Pathways for Developing Asia
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The comprehensiveness of NDCs in the region varies significantly. Among the 44 economies of
developing Asia with submitted NDCs, all include targets for the energy sector, but only 40 include targets
for the agriculture, forestry, and other land use sector (Figure 1.9). Moreover, just 30 economies have targets
for the industry sector despite the crucial role this sector plays in decarbonization. An analysis of the climate
mitigation measures outlined in the 44 updated NDCs, based on the UNFCCC typology (2023b), highlights
both priority sectors and gaps in climate planning within the region.

Renewable energy generation is the mitigation action most frequently mentioned in NDCs, but other
critical actions are lacking. Measures to improve the energy efficiency of buildings are also commonly
mentioned, but key actions within the agriculture, forestry, and other land use sector—such as reducing
deforestation, restoring land, and promoting agroforestry—are included in fewer than half of the NDCs.
Measures for the transport sector primarily focus on electrification and developing efficient vehicles, rather
than on mode shifting and demand reduction. Crosscutting measures and the promotion of a circular economy
appear in relatively few NDCs, indicating a lack of holistic and integrated approaches to climate action and
sustainable development. Similar patterns are evident in the long-term strategies outlining 2050 goals.
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Figure 1.9: Frequently Mentioned Mitigation Options in the Nationally Determined Contributions
of Developing Asia

Energy supply AFOLU

. Sustainable forest management
Renewable energy generation

Improved agricultural productivity

Energy efficiency improvement . . .
& yimp Aforestation, reforestation, vegetation

Shift to low,/zero-carbon fuels Forest conservation

Grid improvement Improved management of manure and herds
) Improved cropland management
Crosscutting ) ]
Reduced deforestation and degradation

Transport Improved fertilizer management
Electrification Land restoration

L Agroforest
Energy efficiency improvement g v
Crosscutting
Shift to more efficient modes Waste
Shift to low,/zero-carbon fuels Waste reduction

Demand reduction Waste-to-energy

Waste recycling
Crosscutting .
Crosscutting

Buildings Composting

Energy efficiency improvement Crosscutting/other

. Multisector energy efficiency improvement
Shift to low,/zero-carbon fuels & yimp
Multisector carbon pricing
In . . _—

dustry Multisector flourinated gas substitution

Energy efficiency improvement Promotion of circular economy

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

Number of economies Number of economies

AFOLU = agriculture, forestry, and other land use.

Note: Compiled by the Asian Development Bank based on a review of the nationally determined contributions of 44 economies in developing Asia
following the typology used by the United Nations Framework Convention on Climate Change in 2023.
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Setting ambitious goals is not enough; they must be followed by effective implementation. According to
the UNFCCQC, if the latest NDCs are fully implemented worldwide, emissions in 2030 will be approximately 8.8%
above 2010 levels. This represents a slight improvement from the 2023 assessment, which projected emissions
would be 10.6% above 2010 levels. Analysis also suggests that global emissions are likely to peak sometime in the
2020s, largely due to anticipated peaks in emissions from the PRC, with 2030 emissions expected to be 2% below
2019 levels (UNFCCC 2023a). However, there remains a significant gap between NDC commitments and their
actual implementation, due primarily to inadequate policies, insufficient funding, and a lack of comprehensive
monitoring and enforcement mechanisms (UNEP 2023b). To achieve meaningful emissions reductions, it is
crucial to both ramp up the ambitions within NDCs and ensure their effective implementation.
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There is scope for developing Asia to strengthen its net zero goals, recognizing that progress is needed
on a global scale. Of the 44 economies in developing Asia with submitted NDCs, 36 have set targets for
achieving net zero GHG emissions. According to the Net Zero Tracker, 28 of these economies aim for a
2050 target, while the PRC and India have set their targets for 2060 and 2070, respectively (Table 1.3).
Nearly half (15) of the region’s economies with net zero goals have established net zero policies, but only
four have enshrined their targets in law. Meanwhile, 13 economies have proposed targets but have not yet
adopted them, and three have made pledges that remain unformalized. Bhutan claims to have achieved net
zero and must maintain this status amid expanding economic activity. Detailed net zero plans are lacking

in 11 economies and incomplete in 22, with only three having fully developed plans in place. In contrast,

32 of 38 Organisation for Economic Co-operation and Development (OECD) economies have set net zero
or climate neutrality targets, with 23 enshrined in law, and nearly all aiming for 2050, including six northern
and central European economies committed to achieving net zero prior to 2050. To enhance net zero
ambitions, developing Asia needs more policy guidance and climate action financing. Multilateral institutions
such as ADB can play a key role in providing this support and helping to solidify and implement climate goals.

Table 1.3: Status of Net Zero Targets in Developing Asia

Economy Target End Date Target Status

Armenia

Azerbaijan

Georgia

Kazakhstan

Kyrgyz Republic

Tajikistan®

Turkmenistan

Uzbekistan

People’s Republic of China

Republic of Korea

Mongolia

Afghanistan

Bangladesh

Bhutan

India

Maldives

Nepal

Pakistan

Sri Lanka

continued on next page
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Table 1.3 continued

Economy Target Status

Brunei Darussalam

Cambodia

Indonesia

Lao People’s Democratic Republic

Malaysia

Myanmar

Philippines

Singapore

Thailand

Timor-Leste

Viet Nam

Fiji

Kiribati

Marshall Islands

Federated States of Micronesia

Nauru

Niue

Palau

Papua New Guinea

Samoa

Solomon Islands

Tonga

Tuvalu

Vanuatu

2 Although not explicitly termed as net zero, the Government of Tajikistan announced in December 2023 its goal to become a “green country” by 2037.
Notes: A plan is considered complete if it includes (i) measures for all emission scopes covered by the target; (ii) expected emission reductions
from these measures within a specified time period; (iii) the extent of measure implementation; and (iv) a schedule for regular reviews, as outlined
in the Net Zero Tracker. A plan is deemed incomplete if it includes some but not all of this information, while ‘No Plan’ indicates that no plan exists.
Source: Net Zero Tracker. Data Explorer (accessed 23 August 2024).

Planning for climate change adaptation also requires more attention. In 2023, Bangladesh, Bhutan,

the Marshall Islands, Pakistan, and Papua New Guinea submitted National Adaptation Plans (NAPs) to the
UNFCCC, bringing the total number of developing Asia’s economies with NAPs to 15. These plans are crucial
for leveraging international climate finance: by late 2023, the Green Climate Fund had provided $5.3 billion
to 83 adaptation projects linked to 44 submitted NAPs (UNCC 2023). However, fewer than half the region’s
economies have included calculations of their adaptation finance needs in either their NDCs or NAPs

(UNEP 2023).
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Addressing institutional, governance, and financing challenges is critical for effective implementation
of climate strategies and plans. Additional barriers include limited access to technology, insufficient
technical capacity and expertise, and vulnerability to climate events that divert resources away from
decarbonization. Inadequate international climate finance and limited access to climate funds also impede
progress. Across Asia and the Pacific, an estimated $2 trillion annual investment is needed to meet NDC
targets during 2022-2030 (ADB 2023c¢). This investment demand far exceeds the annual global climate
finance of $1.27 trillion during 2021-2022 (CPI 2023). To bridge the gap between current commitments and
actual needs, it is essential to conduct a thorough assessment of these barriers and explore solutions tailored to
each economy’s context, while enhancing capabilities for climate-responsive fiscal planning.

1.7 Supporting a Just, Inclusive,
and Comprehensive Transition

A successful transition to net zero requires a just transition approach.® This means the economic

and social impacts of transitioning to a low-carbon economy are distributed equitably, thereby preventing
increased inequality and fostering broad public support for climate action. However, not all governments
have established comprehensive strategies to ensure that the public, particularly vulnerable communities

and underrepresented groups, are consulted and engaged in climate action. While gender considerations

are increasingly included in NDCs as an aspect of climate action, they are often addressed in a limited way,

for example, focusing on women’s vulnerabilities or household roles rather than their underrepresentation in
political decision-making. There is also a need for greater focus on private sector engagement in shaping and
implementing climate strategies, while the broader concept of just transition should be emphasized to address
the needs of all stakeholders, including communities affected by economic changes (Figure 1.10).

Figure 1.10: Number of Nationally Determined Contributions That Mention Key Societal Issues

Gender responsive approach 28
Private sector engagement 19
Just transition 6
0 5 10 15 20 25 30

Note: Compiled by the Asian Development Bank based on a review of the nationally determined contributions of 44 economies in developing Asia.
Source: United Nations Climate Change. Nationally Determined Contributions Registry (accessed 26 August 2024).

8  The International Labour Organization defines “just transition” as “a process by which economies that progress toward a green economy

also strengthen each of the four pillars of decent work for all (i.e., social dialogue, social protection, rights at work, and employment).”


https://unfccc.int/NDCREG

The low-carbon transition entails a comprehensive, economy-wide transformation, that hinges on
broad public support. The climate change perception survey identified key factors that affect both public
support for climate policies and willingness to adopt climate-friendly behaviors. These factors include
individuals’ perceptions of how climate change directly impacts them, their awareness of climate policies,

and demographic variables such as age, gender, and income. The survey also highlighted significant variations
across economies, underscoring the importance of local contexts in shaping climate-friendly behaviors. While
there is support for climate measures across developing Asia, skepticism about their effectiveness and costs
persists. Increasing transparency in policy design and impact monitoring, ensuring an equitable distribution of
costs and benefits, and closing awareness gaps through tailored communication that considers local contexts,
and diverse demographics can address this skepticism and boost public support.

Developing Asia must create tailored mitigation pathways to effectively decarbonize. This involves
implementing policies that leverage each economy’s unique strengths while aligning with their socioeconomic
objectives and development goals. A comprehensive transition is needed to address climate change,
encompassing energy systems, infrastructure, policy, and financing, among other areas. Collaborative efforts
among governments, the private sector, and communities will be essential to ensure that these pathways are
both practical and sustainable, ultimately supporting climate resilience and economic growth.
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Chapter 2

Impacts and Costs
of Climate Inaction
for Asia and the Pacific



2.1 A Climate in Crisis

2.1.1 Overview

Unmitigated climate change will bring grave consequences for Asia and the Pacific. This chapter provides
an overview of the impacts and vulnerabilities that the Asia and Pacific region can face from climate change,
drawing on relevant research. It begins by reviewing the global context of climate change and potential trajectories
of warming under climate inaction. It then focuses on what warming can mean more specifically for the Asia

and Pacific region, biophysically and for exposed assets. Effects on vulnerable natural-resource-based sectors,
social systems, and populations are subsequently explored. Finally, consequences of sea-level rise, increased
river-based flooding, higher energy demand, and effects on the productivity of labor, agriculture, fisheries, and
forestry are considered in an economy-wide model offering new estimates of potential economic losses.

2.1.2 Context

Climate change is no longer an issue about the future. A substantial amount of climate change has already
occurred, and the effects will continue to increase even if all greenhouse gas (GHG) emissions were to stop
immediately. Global warming is a function of the stock of GHGs in the atmosphere. That stock takes time to
respond to changes in the flow of emissions. For this reason, addressing most impacts of climate change in the
coming decades depends on adaptation, even if mitigation is critical in the longer term.

Climate change is accelerating. As of mid-2024, the world’s atmospheric concentration of carbon dioxide
(CO,) had reached 422 parts per million, which is 50% higher than the preindustrial level of around 280.
Two-thirds of the increase has taken place since 1970 and the rate of increase has only accelerated over time.
Since the middle of the 18th century, the world has emitted 1.5 trillion tons of CO,. The amount of CO,

that could be emitted in the future is a small fraction of this if climate goals under the Paris Agreement on
Climate Change are to be met—even as the world is at record levels of population and economic development
(IPCC 2022a). As indicated in Figure 2.1, 2023 was already 1.46°C above preindustrial averages. The rate of
temperature increase is also accelerating, with warming increasing per year since 1982 three times faster than
prior to 1982 (NCEI 2024; WMO 2024).

Figure 2.1: Annual Global Temperature Differences Compared to 1850-1900 Averages
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Note: The figure compares global mean temperatures using six data sources that reanalyze historical meteorological data.
Source: Copernicus Climate Change Service (accessed 11 October 2024).

This chapter was written by a team consisting of ADB staff Alessio Giardino, Martino Pelli, and David A. Raitzer (lead author),
with consultants Francesco Bosello, Lorenza Campagnolo, and Gabriele Mansi.



https://climate.copernicus.eu/sites/default/files/custom-uploads/Global%20Climate%20Highlights%202023/Final%20Report/fig2b_GCH2023_timeseries_global_surface_temperature_annual_anomalies_ref1991-2020.csv

Many biophysical impacts for the coming decades are locked in. Over longer time frames, the impacts of
climate change are conditioned by whether the world acts in line with Paris Agreement goals of limiting warming

to well below 2°C above preindustrial levels and to pursue efforts to limit it to 1.5°C. However, even if strong

action were taken, the climate will continue to warm for decades. So far, commitments put forward by individual
economies are far from either Paris Agreement goal. If the implemented sector and economic policies are continued,
mean warming is expected to reach 3°C above preindustrial levels (ADB 2023; IPCC 2022a). Additional climate
measures needed to fulfill nationally determined contributions to the Paris Agreement only slightly change that
warming to 2.4°C (ADB 2023). These numbers are based on assumed full implementation of stated climate
policies, but there are also implementation gaps that may increase emissions relative to those estimates (Chen and
Huan 2019). A warming level of 2.4°C would take the world to a climate system not seen for millions of years.

Warming could happen much faster than implemented policies scenarios depict. As of 2024, emissions
have not deviated substantially from the high end emissions scenario of the Intergovernmental Panel on Climate
Change (IPCC) termed Shared Socioeconomic Pathway (SSP) 5, Representative Concentration Pathway (RCP)
8.5 or SSP5-8.5.1 Indeed, GHG concentrations to date are also indistinguishable from those of SSP5-8.5, which
reflects a mean estimate of 4.7°C of mean global warming by 2100, compared with the preindustrial era (Schwalm,
Glendon, and Duffy 2020). There are additional reasons why the world cannot be complacent that it has avoided

a high end emissions scenario. Emissions scenarios to date are based on integrated assessment modeling, which
couples economic and emitting sector models with simplified representations of general circulation models (GCMs)),
the models that attempt to show how the full climate system responds to GHG emissions. Those simplified GCMs
lag behind the science of complete GCMs by many years (van Vuuren et al. 2009). As the science has evolved, full
GCMs have reflected increased equilibrium climate sensitivity—or more global warming in response to increases

in CO, concentrations (Bjordal et al. 2020). That increased sensitivity is not yet part of many of the models that
conclude that implemented or current policies will lead to 3°C of mean global warming.

The earth’s climate and carbon systems have many cycles that are not fully understood. Climate tipping
points can trigger feedback effects leading to additional emissions that do not yet figure in the main scenarios
of GCMs, much less in integrated assessment models. For example, most solar radiation ends up absorbed

in the world’s oceans. As a result, global climate change is rapidly warming the world’s waters (Venegas,
Acevedo, and Treml 2023). This oceanic warming contributes to loss of polar ice cover, which reduces solar
reflectance and increases radiation absorbance. At the same time, oceans absorb 30% of CO, emissions,

but the absorption of CO, is falling as a result of climate change (SOCAT 2024).

There are signs the world is reaching tipping points that can change emissions sinks into emissions
sources. Tropical forests have historically been major carbon sinks. However, increasing forest fires are releasing
the stocks of CO, that forests have stored (You 2023), thus turning them into emissions sources. By one
estimate, in 2023, global sequestration by forests, plants, and soil fell by 78% compared with the 2010-2022
average, as land sequestration has been negatively affected by warming (Ke et al. 2024). Peatlands, both in boreal
areas and in the tropics, store vast amounts of CO,, but warmer temperatures, drying, and exposure to fire are
increasingly releasing these carbon reserves into the atmosphere (Wijedasa et al. 2018). Emissions of methane,
a potent GHG, from natural ecosystems have made unprecedented jumps since 2020 (Zhang et al. 2023).

In 2024, Antarctic temperatures were at unprecedented highs, threatening vast amounts of high-reflectance sea
ice (Colucci 2022). If natural emissions sinks continue to transform to emissions sources, high levels of warming
may become impossible to avoid.

T This chapter uses SSP5-8.5 (“fossil-fueled development”) for reference in the numbers presented, unless otherwise noted. While
progress in the development and deployment of renewables may suggest lower radiative forcings under a scenario of no climate policy
strengthening, there are considerable climate uncertainties that could lead this to be a plausible level of radiative forcing, even if
emissions are substantially lower than integrated assessment models depict for this pathway. While it is a high radiative-forcing scenario,
it also does reflect rapid economic growth, which is consistent with the economic development plans of many countries in Asia and the
Pacific and dampens economic impacts.



Action to reduce emissions may, paradoxically, lead to more near-term warming. Combustion of fossil
fuels produces aerosol air pollutants as well as GHGs. What was not previously understood is that those air
pollutants actually reduce the amount of solar radiation absorbed and thereby counteract the levels of warming
expected from increases in GHGs. The effect is substantial, as warming without those pollutants could be 30%
higher (IPCC 2022a). As the world adopts cleaner energy sources, warming in the near term may actually be
intensified relative to existing GCM projections.

2.2 Climate Futures for Asia and the Pacific

Climate change is already having tangible effects. The 10 years across 2014-2023 were the 10 hottest years
on record and February 2024 was the hottest month ever reported (C3S 2024). While the Paris Agreement
relates to the long-term global average, not an individual year, global average annual temperatures did exceed
1.5°C of warming in the year to January 2024. With this level of warming, Asia and the Pacific experienced
unprecedented heat waves during 2024. Large portions of the region experienced many days above 40°C and

a number of countries set heat records.

Climate change means a profound change in living conditions for people in Asia and the Pacific.

Global mean warming of 4.7°C under a high end emissions scenario will lead to changes in local and seasonal
temperatures that can be much higher—since changes vary according to location and season—and temperature
rises over land will be greater than over the sea. Patterns in the median GCM projections under the Coupled
Model Intercomparison Project Phase 6 (CMIP6), (which informed the IPCC’s 6th Assessment Report)

for subregions in Asia and the Pacific, as defined by the IPCC, confirms this phenomenon. With 4.7°C of mean
global warming in 2100, West and Central Asia? would have mean temperature increases of 8°C and East Asia
would have mean temperatures that increase by 7°C, whereas Southeast Asia’s temperatures would increase by
less than 5°C (CICA 2024).

The most dramatic changes will be in heat waves. Historically, each year, Southeast Asia has had 20 days
or fewer when the regional temperature reached more than 35°C. Under 4.7°C of mean global warming, such
days would exceed half a year by 2100 (Figure 2.2). South Asia would have days exceeding 35°C rise from
around 100 to about 200 annually by 2100, East Asia from around 7 to nearly 50, and West and Central Asia
from 70 to around 130 (CICA 2024).

2 This chapter uses regional definitions that differ from the rest of the report. The cited figures define the regional compositions
mentioned in the text. Generally, biophysical projections from CMIP6 follows IPCC regional definitions, whereas modeling of impacts
breaks out major countries and subregions of developing Asia and the Pacific.
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Figure 2.2: Projected Changes in Days Above 35°C Annually Under a High End Emissions Climate Scenario
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Notes: Light lines depict individual general circulation model projections, while dark lines are medians of the projections under the Coupled Model
Intercomparison Project Phase 6. Subregions are as defined by the Intergovernmental Panel on Climate Change, rather than being those of the Asian
Development Bank. The scenario depicted is SSP5-8.5.

Source: Copernicus Interactive Climate Atlas (accessed 10 June 2024).

Precipitation patterns are expected to shift under climate change. Most of the Asia and Pacific region is
expected to be wetter in the future, as warmer air can hold more moisture and increased temperatures increase
oceanic evaporation. However, this overall trend masks substantial variations by locality. In South Asia,
precipitation would increase by around 50% by 2100 under 4.7°C of mean global warming and, in East Asia,

it would increase by around 25%, whereas Southeast Asia could expect a mixture of increases and decreases.
Rainfall will become more extreme and concentrated, as the maximum daily precipitation would rise by about
50% in the Pacific, 40% in South Asia, and 30% in East Asia and Southeast Asia (CICA 2024).



https://atlas.climate.copernicus.eu/atlas
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Along with more concentrated rainfall will come more drought events. Under warmer temperatures, more
precipitation will be countered by increased evapotranspiration (the combined processes that move water from
the earth’s surface into the atmosphere, covering both water evaporation from the soil and plant transpiration).
This evapotranspiration is expected to increase even more than precipitation. A key measure of drought

that assesses the deviation from the long-term water balance (i.e., precipitation minus evapotranspiration)

is known as the Standardized Precipitation-Evapotranspiration Index (SPEI), which is taken over 6 months.
This index is expected to deviate 5-7 times below the historic mean, under 4.7°C of mean global warming
(Figure 2.3). The change is driven by the fact that radiation and temperature are key determinants of
evapotranspiration, so that temperature increases lead to evaporative effects that outweigh precipitation
increases (CICA 2024).

Figure 2.3: Projected Changes in the 6-Month Standardized Precipitation-Evapotranspiration Index
Under a High End Emissions Climate Scenario for Asia and the Pacific
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Notes: The figure shows the 6-month Standardized Precipitation-Evapotranspiration Index using results taken from the Coupled Model Intercomparison
Project. Light lines depict individual general circulation model projections, while dark lines are medians of the projections under the Coupled Model
Intercomparison Project Phase 6. The scenario depicted is SSP5-8.5.

Source: Copernicus Interactive Climate Atlas (accessed 12 June 2024).
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Extreme storm events across Asia and the Pacific are expected to increase in severity. From 1979 to
2016, cyclones in East Asia and Southeast Asia had a duration that grew by 2-9 hours after making landfall,
and they traveled around 100 kilometers further inland (Chen et al. 2021). Under a high end emissions climate
scenario, continuation of this pattern would lead to a doubling of the destructive power of cyclones in Asia and
the Pacific by 2100, which is much higher than the change expected globally.

Relative sea-level rise in parts of Asia and the Pacific is already twice that of the global average.

Sea level is modeled to rise by about 0.8 meters globally by 2100 under a high end emissions scenario,
although circulation patterns will introduce local variability (IPCC 2022b). Observed sea-level gauges show
rates of relative sea-level rise in certain areas of the Asia and Pacific region that are about double the global
average, and internal climate variability is expected to amplify climate change effects in the region to well
above those experienced globally (Becker, Karpytchev, and Hu 2023). Arctic and Antarctic instability create
additional uncertainty about the degree of sea-level increase, as accelerated melt of polar ice caps can increase
this further. Under scenarios of sea ice instability, around 300 million people in Asia and the Pacific live in areas
threatened by coastal inundation (Kulp and Strauss 2019). A combination of the increase in mean sea levels

as well as amplification in the effect of storm surges and extreme waves will drive substantial inundation risk.
Sea-level rise will also lead to salinity intrusion into coastal lands and groundwater (Vousdoukas et al. 2018).

Models reveal trillions of dollars in capital damage each year by sea-level rise, storm surges, wave
formation, and coastal flooding in Asia and the Pacific by 2070. Implications of sea-level rise have

been computed using the Dynamic Interactive Vulnerability Assessment (DIVA) model globally. DIVA is

an integrated modeling framework for coastal systems that assesses the biophysical and socioeconomic
consequences of both sea-level rise and socioeconomic development. It takes into account coastal erosion
(both direct and indirect), coastal flooding, wetland change, and salinity intrusion into deltas and estuaries.
The DIVA model considers three direct climate change impacts: annual land loss, affected population, and
asset loss, but it excludes some protection measures and dynamic flooding. To address these limitations,
estimates of coastal flooding for the Asia and Pacific region are carried out based on the Large-Scale Integrated
Sea-Level and Coastal Assessment Tool (LISCOAST) (Vousdoukas et al. 2018). The modeling framework
includes improved data on digital elevation and flood protection levels, use of dynamic flood models to
estimate the impacts of extreme events, and incorporation of recent gridded exposure datasets (Giardino and
Vousdoukas 2024). Combining LISCOAST for covered countries and subregions with DIVA representation

of other countries and subregions leads to the annual damages and affected populations under a high end
emissions climate scenario, as shown in Figure 2.4 and Figure 2.5. The largest long-term damages are in the
largest economies, while affected populations are concentrated in the People’s Republic of China (PRC), India,
Bangladesh and Viet Nam. Affected populations triple by 2050 and reach over 50 million annually by 2070.
Damages rise by many times to reach a median value of $3 trillion annually by 2070 (considering increases in
asset values under economic growth).
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Figure 2.4: Annual Damage from Sea-Level Rise Under a High End Emissions Climate Scenario
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Notes: Bars depict a range of estimates from sea ice melt assumptions, with the central line being the median estimate. The scenario depicted is
SSP5-8.5. Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Mongolia, Tajikistan, Turkmenistan, and Uzbekistan.
Higher Income Southeast Asia comprises Brunei Darussalam, Malaysia, Singapore, and Thailand. The Pacific comprises the Cook Islands, the Federated
States of Micronesia, Fiji, Kiribati, the Marshall Islands, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu.
Rest of South Asia comprises Afghanistan, Bhutan, Maldives, Nepal, and Sri Lanka. Rest of Southeast Asia comprises Cambodia, the Lao People’s
Democratic Republic, Myanmar, and Timor-Leste.

Source: Campagnolo, L., G. Mansi, F. Bosello, and D. A. Raitzer. 2024. Quantifying the Economic Costs of Climate Change Inaction for the
Asia-Pacific Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank
(results drawn from modeling reported in Giardino, A. and M. Vousdoukas. 2024. Rising Seas: Building Resilience Against Coastal Flooding in Asia and
the Pacific. Development Asia. 7 August).
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Figure 2.5: Annual Population Affected by Sea-Level Rise Under a High End Emissions Climate Scenario
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Notes: Bars depict a range of estimates from different sea ice melt assumptions, with the central line being the median estimate. The scenario depicted

is SSP5-8.5. Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Mongolia, Tajikistan, Turkmenistan, and Uzbekistan.
Higher Income Southeast Asia comprises Brunei Darussalam, Malaysia, Singapore, and Thailand. The Pacific comprises the Cook Islands, the Federated
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Rest of South Asia comprises Afghanistan, Bhutan, Maldives, Nepal, and Sri Lanka. Rest of Southeast Asia comprises Cambodia, the Lao People’s
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Source: Campagnolo, L., G. Mansi, F. Bosello, and D. A. Raitzer. 2024. Quantifying the Economic Costs of Climate Change Inaction for the

Asia- Pacific Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank
(results drawn from modeling reported in Giardino, A. and M. Vousdoukas. 2024. Rising Seas: Building Resilience Against Coastal Flooding in Asia and
the Pacific. Development Asia. 7 August).



Intensified and more variable rainfall, along with more extreme storms, will bring increasing landslides
and floods. This will be most pronounced in mountainous and steeply sloped areas, such as the border

area of India and the PRC, where landslides may increase by 30%-70% under 4.7°C of mean global warming
(Kirschbaum et al. 2020). These outcomes will be further worsened by reductions in slope-stabilizing forest
cover, as forests unable to cope with new climate regimes suffer dieback.

Flooding will increase, both from overflow of rivers and from intense rainfall leading to water
stagnation. IPCC (2022b) concludes that, in several major Asian river basins, the runoff is projected to
increase substantially, with estimated increases of 16% for the Brahmaputra, 33% for the Ganges, and 40%
for the Meghna. The report also finds that the 50-year return floods in these rivers are likely to increase
(IPCC 2022b). This flooding will be particularly problematic in coastal delta megacities, where it can be
compounded by the effects of sea-level rise. In addition to flooding from overflow of rivers, increasingly
intense rainfall will lead to increased frequency and duration of inundation, as drainage systems struggle to
convey accumulated precipitation.

Leading models show trillions of dollars of annual capital damage from riverine flooding in Asia

and the Pacific by 2070. Riverine flood impacts have been computed using results from Global Flood Risk
with Image Scenarios (GLOFRIS) modeling (Ward et al. 2017; Winsemius et al. 2017), as processed by
Standardi et al. (2023). The GLOFRIS model analyzes direct flood damage as a result of riverine and coastal
floods under a high end emissions climate scenario. GLOFRIS provides three scenarios that consider average,
minimum, and maximum expected damage considering the results of five GCMs. Expected annual damage in
the context of economic growth reaches $1.3 trillion per year by 2070, with over 110 million people affected
annually. India is found to have the most affected population and damage costs, with residential losses
dominant (Figure 2.6 and Figure 2.7).
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Figure 2.6: Annual Additional Flood Damage Under a High End Emissions Climate Scenario
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Figure 2.7: Annual Additional Population Affected by Flooding Under a High End Emissions Climate Scenario
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Climate effects on agriculture will disproportionately affect poor and vulnerable communities.

A majority of poor people in the Asia and Pacific region depend on agriculture for livelihoods, and food
accounts for the most vulnerable people's consumption, so climate-related impacts on the sector will
disproportionately harm the most vulnerable. The region also accounts for around two-thirds of global food
production. Agriculture and food systems are inherently vulnerable to the fluctuations and shifts brought on

by climate variability and change. This susceptibility stems from the deep dependence of those systems on
weather and environmental conditions, which directly affect water availability, water requirements, heat stress,
and pest and disease patterns. Agriculture also depends on broader ecosystem services, such as pollination,
which are threatened by changes in ecological niches.

Changes will be most pronounced in terms of increasing extremes. Climate change is expected to intensify
the EI Nifio phenomenon, so that losses from heat and wetness extremes will be more frequent and severe
(Wilcox et al. 2023). Drought events are anticipated to increase in frequency, with populations exposed to
drought multiplying several times under a high end emissions scenario by 2100, especially in key localities such
as the Pearl River Basin (Duan et al. 2021). With more severe extremes, it will be more difficult for farmers to
optimize inputs and manage risk, increasing impacts. Biophysical effects on crops will also be exacerbated by
effects on labor, as agriculture involves many manual operations under conditions in which personal cooling is
difficult. In many developing countries of Asia and the Pacific, agricultural operations are already constrained
by labor limitations (as former farm laborers have migrated), and climate change will compound the effects of
labor scarcity.

Higher CO, concentrations can partially counter other climate change impacts on crops. Carbon dioxide
fertilization, or the increase in photosynthesis possible under higher CO, concentrations, will partially offset
losses due to growing conditions that are otherwise less favorable for crops. As a result, recent crop growth
modeling exercises that incorporate this effect, along with other climate modeling projections, find relatively
small losses to crop yields from climate change globally and in Asia and the Pacific (Ruane et al. 2024).

The Inter-Sectoral Impact Model Intercomparison Project (ISIMIP) has used gridded growth models of crop
yields (ISIMIP 2024) under different climate scenarios,® and has found losses for a high end emissions climate
change scenario (SSP5-8.5) with respect to 2020 for maize, but more limited losses for the major wheat-,
rice-, and soy-producing zones in Asia and the Pacific (Figure 2.8). For soybeans, projected yield under ISIMIP
moderately benefits from climate change in the short and medium term (to 2050), but a negative pattern
becomes clear in the longer term (to 2070). Overall, rice yield improves under climate change in almost

every economy or subregional aggregate, excluding Pakistan and Central Asia, whereas wheat shows strong
regional differences.

3 The following crop models have been selected due to crop coverage and scenario availability: CROVER, EPIC-IIASA, LDNDC, LPJmL,
PEPIC, CYGMAT1P74; each crop model provides model runs using different global climate models (GCMs): GFDL-ESM4, IPSL-CM6A-
LR, MPI-ESM1-2-HR, MRI-ESM2-0, UKESM1-0-LL. The models have been smoothed.

Crop models do not account for any socioeconomic forcing apart from those observed in the base year; therefore, all the observed yield
change can be attributed to the climate forcing.
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Figure 2.8: Climate Change Effects on Crop Yields Under a High End Emissions Scenario as Shown
by Gridded Crop Growth Modeling

2035 [72050 2070
Rice Maize

Pacific
People’s Republic of China

Higher Income Southeast Asia

Pacific
People’s Republic of China

Higher Income Southeast Asia

Indonesia Indonesia
Philippines Philippines
Viet Nam Viet Nam

Rest of Southeast Asia

Rest of Southeast Asia

Bangladesh Bangladesh

India India

Pakistan Pakistan

Rest of South Asia Rest of South Asia

Central Asia

Pacific
People’s Republic of China

Higher Income Southeast Asia

Central Asia

Pacific
People’s Republic of China

Higher Income Southeast Asia

Indonesia Indonesia
Philippines Philippines
Viet Nam Viet Nam

Rest of Southeast Asia

Rest of Southeast Asia

Bangladesh Bangladesh
India India
Pakistan Pakistan
Rest of South Asia Rest of South Asia
Central Asia Central Asia .
-100 -50 0 50 100 -100 -50 50 100

% change with respect to 2020

Notes: The scenario depicted is SSP5-8.5. Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Mongolia,
Tajikistan, Turkmenistan, and Uzbekistan. Higher Income Southeast Asia comprises Brunei Darussalam, Malaysia, Singapore, and Thailand.

The Pacific comprises the Cook Islands, the Federated States of Micronesia, Fiji, Kiribati, the Marshall Islands, Nauru, Niue, Palau, Papua New Guinea,
Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu. Rest of South Asia comprises Afghanistan, Bhutan, Maldives, Nepal, and Sri Lanka. Rest of
Southeast Asia comprises Cambodia, the Lao People’s Democratic Republic, Myanmar, and Timor-Leste.
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Effects of climate change on agriculture via changes to weather extremes may be profound. It is well
established that process-based crop growth models poorly replicate impacts of droughts and other extreme
events. These models also omit many other important impact channels, such as effects on pollination, pests
and diseases, labor, salinity intrusion, or increased competition for energy and water under climate change
(Heinicke et al. 2022). Effects of the precipitation-evapotranspiration extremes have been empirically
estimated for this chapter and projected for a high end emissions climate scenario (Box 2.1; Raitzer and
Drouard 2024). They subsequently have been combined with crop growth modeling results for mean
climatic conditions to give a more complete picture of climate change consequences. Figure 2.9 illustrates
the combined results by 2100, which indicate that wheat may have yield reductions exceeding 40% in major
countries of South Asia and maize may have reductions exceeding 20% in much of Asia, whereas rice is
modestly or positively affected.

Figure 2.9: Cumulative Climate Change Impacts on Crop Yields Under a High End Emissions Scenario
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Notes: The analysis in the figure considers both gridded crop growth modeling results and econometric estimates of effects of precipitation
evapotranspiration extremes. The scenario depicted is SSP5-8.5. Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan,

the Kyrgyz Republic, Mongolia, Tajikistan, Turkmenistan, and Uzbekistan. Higher Income Southeast Asia comprises Brunei Darussalam, Malaysia,
Singapore, and Thailand. The Pacific comprises the Cook Islands, the Federated States of Micronesia, Fiji, Kiribati, the Marshall Islands, Nauru, Niue,
Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu. Rest of South Asia comprises Afghanistan, Bhutan, Maldives,
Nepal, and Sri Lanka. Rest of Southeast Asia comprises Cambodia, the Lao People’s Democratic Republic, Myanmar, and Timor-Leste.

Source: Campagnolo, L., G. Mansi, F. Bosello, and D. A. Raitzer. 2024. Quantifying the Economic Costs of Climate Change Inaction for the Asia-Pacific
Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank (results drawn
from the Intersectoral Model Intercomparison Project 3b database accessed 1 March 2024; and combined with results from Raitzer, D. A. and

J. Drouard. 2024. Empirically Estimated Impacts of Climate Change on Global Crop Production via Increasing Precipitation-Evapotranspiration Extremes.
Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank).
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Box 2.1: Impacts of Climatic Extremes on Crop Yields Under Climate Change

Although agriculture has often been considered as vulnerable to climate change, recent gridded crop growth modeling
exercises have found that yields of staple crops will benefit from, or be modestly affected by, rapid global warming.
However, those crop growth models also do not fully reflect the impacts of increasing climate extremes.

New analysis by Raitzer and Drouard (2024) uses global remote-sensing-derived yield data, global agro-meteorological
reanalysis data, and precipitation-evapotranspiration data derived from weather stations and remote sensing to construct
a grid cell panel data set at 0.1 degree resolution for 2003-2015. Regressions that control for grid-cell-specific intercepts
and time trends, temperature, rainfall, and cloud cover empirically estimate the relationship between yields and extreme
weather for each growing season and crop of rice, wheat, and maize in each subregion of the globe as distinct from small
changes in production conditions. Estimated coefficients are applied to projections of precipitation-evapotranspiration
extremes under a high end emissions scenario in each grid cell, from an ensemble mean of 25 Coupled Model
Intercomparison Phase 6 general circulation models to project losses from climate change. The results confirm large
impacts on yields from changes in weather extremes. All crops are found to have substantial future global yield reductions,
but reductions are highest for wheat and maize, with losses most pronounced in southern Asia and southern Africa, as
detailed in the table below.

Effects of Precipitation-Evapotranspiration Extremes on Average Crop Yields, Under a High End Emissions Climate Scenario
(% change relative to 2003-2015 average)

Rice Production Wheat Production Maize Production

Australia and New Zealand -9.2 -21.4 -49.8

Caribbean -4.0 -8.1 -19.2 11 3.2 10.6
Central America -1.3 -4.8 -16.6 -3.7 -8.9 -26.3 -11.0 -21.8 -46.9
Central Asia -0.6 -1.3 -3.8 -3.5 -8.9 -23.8
Eastern Africa -3.5 -10.7 -33.4 -0.8 -3.4 -14.0 -4.6 -13.4 -40.5
Eastern Asia -6.0 -13.2 -32.5 -7.5 -16.4 -37.0 -3.3 -10.3 -33.7
Eastern Europe -2.6 -4.4 -9.7
Middle Africa -5.3 -12.2 -28.6 -8.6 -22.0 -54.4
Northern Africa -5.8 -12.2 -30.0 -11.9 -19.6 -36.6 -2.4 -7.1 -23.5
Northern America -4.8 -11.1 -30.3 -4.0 -9.1 -233 -7.9 -17.6 -43.6
Northern Europe -4.8 -15.9 -46.4

South America -2.9 -5.2 -10.0 -14 -5.6 -18.0 -1.9 -7.7 -29.1
South-Eastern Asia 4.3 8.0 17.5 -6.4 -14.5 -34.3
Southern Africa -10.4 -27.7 -65.0 -1.6 -10.0 -41.0
Southern Asia -0.2 -0.2 0.3 -6.1 -23.7 -65.2 -4.2 -14.7 -43.6
Southern Europe 0.5 -0.4 -5.1 -25 -7.3 -27.1 -4.0 -6.2 -10.8
Western Africa -1.5 -4.8 -14.7 -4.2 -10.4 -27.2
Western Asia -13.9 =355 -73.4 0.3 13 5.8
Western Europe -2.1 -7.2 -27.5 -2.7 -4.3 -7.7

Note: The scenario depicted is SSP5-8.5.

Reference:

Raitzer, D. A. and J. Drouard. 2024. Empirically Estimated Impacts of Climate Change on Global Crop Production via Increasing
Precipitation-Evapotranspiration Extremes. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy
Solutions. Asian Development Bank.

Source: Authors.



Oceans absorb around 70% of the solar radiation trapped by the earth’s atmosphere and this
absorption is profoundly changing marine ecosystems. Sea temperatures are projected to increase by
nearly the same amount as global mean air temperatures, changing the suitability of habitats for flora and fauna
and throwing food webs out of balance. Absorption of CO, has made oceans more acidic, harming coral reefs.
More than 90% of coral reefs in the Pacific are threatened by climate change and/or other anthropometric
pressures (Burke et al. 2012). Global fish stocks are already threatened by overfishing, and climate change

will compound the problem as declines in the productivity of fisheries will lead to higher prices that incentivize
more fishing and greater competition for the remaining stocks.

Leading models show that fish yields will fall sharply under a high end emissions scenario. Climate
change impacts on fishing activities have been computed by ISIMIP impact models, Bioeconomic Marine
Trophic Size-Spectrum (BOATS) and EcoOcean, providing results for two GCMs. The yield of fishing activities
is proxied by the total consumer biomass density (grams per square meter), i.e., the density of all animals,

size classes, or trophic groups. With the exception of Bangladesh and Central Asia, all assessed countries

and subregions are found to have reduced fish availability, even in the near term. Loss of yield is projected

to consistently increase by 2070, with nearly every economy and subregion facing declines of 10% to 25% in
fishing sector productivity with respect to 2020 (Figure 2.10).

Figure 2.10: Climate Change Impacts on Fishing Catch Under a High End Emissions Scenario
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Forests contain slow-growing tree species with limited ability to adapt to rapid shifts in climate
regimes within their lifespans. At the same time, shifts in climate enable new pests, parasites, diseases, and
exotic competitor species to spread into previously unaffected areas (IPCC 2022b). Increased frequency of
dry spells can cause more dry matter to be flammable, increasing forest fire risks. The resulting phenomenon of
forest dieback will mean that ecosystem services from natural forest areas will decline, affecting the ability to
adapt to other climate changes.

Modeling illustrates substantial losses in forest productivity under climate change. The Global Forest
Model or G4M (IIASA 2021) has been used for computing average forest productivity under a high end
emissions climate change scenario (SSP5-8.5) with respect to 2020. Figure 2.11 shows the cumulative
percentage change in regional forest productivity with respect to 2020, under a high end emissions scenario
(SSP5-8.5). A negative pattern is clear for every economy or subregion assessed, and particularly for

Viet Nam, India, “the rest of Southeast Asia,” and high-income Southeast Asia. Overall, climate shocks on
forest productivity have been found as moderate in the short term (to 2030), while larger losses are found for
2070, with a decrease of 10%-30% for most countries or subregions. Only a few localities (the PRC, Pakistan,
“the rest of South Asia,” and Central Asia) can expect losses below 5% in the long term.

Figure 2.11: Climate Change Impacts on Forest Productivity Under a High End Emissions Scenario
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Climate change will also adversely affect social and human capital. A range of empirical studies

confirm that violence, criminality, and conflict increase under warmer peak temperatures. Intimate and
gender-based violence also increases during heat waves, which will become more common under climate
change (Sanz-Barbero et al. 2018; Hu et al. 2017). Learning outcomes worsen when classroom conditions
increase beyond optimal temperatures (Park et al. 2020). Increasing storms and extreme weather events also
lead to educational disruptions that further depress learning progress (Box 2.2). Many of these impacts will
disproportionately affect girls.

Box 2.2: Impacts of Climatic Shocks on Physical and Human Capital in India

Pelli et al. (2023) examine how the capital stock of Indian manufacturing firms responds to storms, utilizing a panel
dataset from 1995 to 2006. The paper finds that intense storms (90th percentile) lead to a 5.5% reduction in fixed assets,
while average storms reduce fixed assets by 2.2%. Additionally, intense storms decrease sales by 7.8%, and average storms
lead to a 3.1% drop in sales. Bantasan et al. (2024), using estimated coefficients together with various survey and census
datasets find that intense storms caused significant damage, affecting 0.2% of the total fixed capital (approximately $2.8
billion) and 0.3% of total sales (around $14.5 billion in 2021).

Pelli and Tschopp (2023), focus on the effects of storms on educational outcomes and labor market prospects in India,
i.e., impacts on human capital. Using a measure of childhood storm exposure, based on the measure described above, the
study reveals that superstorms increase the likelihood of no formal education by 4.6 percentage points and reduce higher
educational attainment by up to 20 percentage points, indicating long-term deskilling of affected areas. The reduction

in lifetime aggregate earnings, attributed to diminished educational attainment due to a yearly average storm exposure,

is estimated at approximately $15.1 billion in 2021 (Bantasan et al. 2024).

References:

Bantasan, D., N. Charette, M. Pelli, and J. Tschopp. 2024. Beneath the Clouds: A Microdata Approach to Understanding Storm Impacts in
India. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.

Pelli, M., J. Tschopp, N. Bezmaternykh, and K. M. Eklou. 2023. In the Eye of the Storm: Firms and Capital Destruction in India. Journal of
Urban Economics. 134.

Pelli, M. and J. Tschopp. 2023. Storms, Early Education and Human Capital.

Source: Authors.

Coping with higher temperatures will require more energy for additional cooling. While additional energy
requirements in colder climates may be offset by reductions in heating costs, much of developing Asia and the
Pacific is in warm climates where there is little heating cost reduction. The Asia and Pacific region includes the
countries with the fastest increase in cooling degree days (a measure of demand for cooling) globally. This will
drive sharply increased electricity demand. For example, by 2040, it is expected that 30% of electricity use in
Southeast Asia will be for cooling, compared with 10% in 2019 (IEA 2019).

Empirical estimates imply strong increases in electricity demand for cooling. Econometric estimates of
energy demand elasticity to hot or cold days from De Cian and Sue Wing (2019) have been used by Standardi
et al. (2023) to project effects of increased temperatures on demand for electricity, petroleum products,

and natural gas for the agriculture, industry, services, and residential sectors. Future energy demand under a
high emissions climate scenario for gas and electricity is expected to increase for every economy and subregion
assessed with respect to 2020, although the growth of gas demand is moderate (below 20%) even in the long
term (to 2070), with the exception of the PRC, which has an increase of more than 80% compared to 2020
(Figure 2.12).
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Figure 2.12: Climate Change Impacts on Final Energy Demand Under a High End Emissions Scenario
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Where cooling is not feasible or economical, there will be adverse effects on labor supply and
productivity. Essentially, there is an optimal perceived temperature for labor to be conducted. Beyond this
humidity-adjusted temperature, labor productivity (output from those engaged in labor) declines, as does
labor supply (willingness to engage in labor). In 2024, more than 70% of the global workforce was exposed

to excessive heat and this proportion was higher in Asia and the Pacific (ILO 2024). With longer and more
frequent heat waves, much of Asia and the Pacific will face contractions in both labor productivity and supply,
especially in sectors where personal cooling is more difficult, such as agriculture and construction. Losses

to labor have been calculated via functions of laboratory performance under different humidity-adjusted
temperatures as well as via empirical analysis of micro survey data.

Empirical studies show how hotter temperatures reduce labor productivity. Dasgupta et al. (2021),
using empirical estimates from microdata, find that effective labor would decline by 18 percentage points
in Asia under 3°C of warming. Drawing on coefficients estimated by the study for low- and high-exposure
sectors, Figure 2.13 highlights the differentiated impact on labor depending on high and low sectoral
exposure. In the case of sectors with low exposure, the shocks in 2070 range from -16.2% (Bangladesh)
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and -1.3% (Central Asia) with respect to a 2020 baseline. The shock is more than doubled in the sectors with
high exposure, reaching -31.1% in Bangladesh with respect to 2020. In addition to losses of effective labor,
increased heat stress will lead to more workplace accidents and injuries. Fatima et al. (2021) estimate that
each degree of temperature over 21°C leads to a 1% increase in risk of accidents.

Figure 2.13: Climate Change Impacts on Labor Productivity Under a High End Emissions Scenario
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Climate change will adversely affect health in multiple ways. Accidents and injuries will increase due to
increased flooding, landslides, and storms, while higher accident rates will occur under hotter, longer heat
waves. Hotter peak temperatures increase cardiovascular risks and stress, particularly for those undertaking
labor-intensive activities or for older people. Using empirical relationships between mortality and peak
temperatures in conjunction with climate projections, Carleton et al. (2022) project that a high end emissions
scenario could triple mortality due to heat waves, with heat waves causing as much mortality as all infectious
diseases by 2100. The increases are more pronounced in lower-income and hotter countries, including much
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of Asia and the Pacific (Carleton et al. 2022). Vector-borne diseases will spread further and more quickly as
mosquitoes and other vectors have larger ranges under climate change. For example, the population at risk of
dengue is expected to rise by 2 billion globally under a high end emissions scenario, with faster transmission
over a longer portion of each year in much of the Asia and Pacific region (Wang et al. 2024).

Climate change impacts will be felt most intensely by poor people. Climate change will have its strongest
impacts on those with the most exposure and the lowest capacity to cope and adapt. A large share of poor
people in the Asia and Pacific region are dependent on agriculture, fishing, or forestry, which are directly
exposed to climate. Poor people often live in areas exposed to climatic hazards such as flooding, storm surges,
or landslides; work in sectors exposed to heat stress; and/or have limited ability to afford improved cooling.
Those with low incomes face greater risks from criminality and violence, and they have lower educational
attainment—and both crime levels and disruptions to education will be exacerbated by longer hot periods.
With poorer health, greater exposure to heat-related health risks, and less ability to afford health care, poor
people will bear a disproportionate burden of climate-related morbidity and mortality. By some estimates,
extreme poverty could be increased by 64%-117% by 2030 under a high end emissions climate scenario,
relative to no climate change in Asia and the Pacific (Jafino et al. 2020).

Collectively, climate effects will have major economic impacts, but quantification is challenging.
Many of the most important likely impacts of climate change are the most difficult to model, as they

arise from changes to patterns of extreme events as well as complex interactions. GCMs agree on the big
picture that extreme events will increase, but they often disagree on the details of exactly where and how.
Traditionally, neoclassical integrated assessment models have represented the impacts of climate change
as power functions of damages, but the science of the damages often has been out of date and focused

on effects of a few changes, such as temperature and rainfall at the mean, rather than at the extremes
(Calel and Stainforth 2017). As a result, economic damages due to climate change have often been earlier
estimated as not more than a few years of gross domestic product (GDP) growth being lost by 2100.

Empirical studies have shown the potential for large economic impacts, but they have important
limitations. Various econometric studies estimate relations between weather variations and economic activity,
with the estimated coefficients applied to future climate scenarios to project future losses (Chang, Mi, and

Wei 2023). These methods generate large economic losses (up to 40% of global GDP by 2100) if economic
growth is taken as the dependent variable in the regressions, but more modest losses are anticipated if levels

of economic activity are used. However, the larger loss estimates using growth rates also are sensitive to
specification (Newell, Prest, and Sexton 2021). All econometric approaches also proxy weather for climate

in a way that may overestimate losses, as there is less ability to foresee and adapt to weather variations than
changes in climatic averages.

Innovative economy-wide modeling offers new insights on the consequences of climate change. This chapter
has applied the latest science on shocks by sector in a global economy-wide model depicting impacts of a high end
emissions scenario on the Asia and Pacific region. This approach avoids the limitations of econometric studies and
builds from understanding of sector shocks to analysis of how entire economies are affected. The Intertemporal
Computable Equilibrium System (ICES) is a recursive-dynamic multiregional Computable General Equilibrium
model developed to assess economy-wide impacts of climate change on the economic system and to study climate
change mitigation and adaptation policies. The general equilibrium structure of the ICES model allows for the
analysis of market flows within each national economy and international flows with the rest of the world. This goes
beyond the “simple” quantification of direct costs of a shock to offer an economic evaluation of secondary and
higher-order effects within specific scenarios of climate change (Eboli, Parrado, and Roson 2010).



Impacts and Costs of Climate Inaction for Asia and the Pacific

Shocks depicted in Figures 2.4-2.13 have been applied in the ICES model. This includes shocks to the
agriculture, forestry, and fisheries sectors, increases to energy demand, reductions in labor productivity, and
shocks created by increased flooding and sea-level rise (Figure 2.14). These are shocks with some forms of static
infrastructure adaptation incorporated (such as coastal improvements) whereas other forms of market-based
adaptation (such as crop substitution or movement of labor between sectors) are subsequently resolved in the
economic model. In the case of agriculture, shocks on sector-specific land productivity are applied to modeled
crops and extrapolated to other similar crops and livestock. For the forestry and fishing sectors, impacts are
directly imputed as shocks on the sector-specific productivity of natural resources. Energy demand shocks are
implemented as consumption shifts, in which households are forced to consume a different quantity of gas,
electricity, and petroleum products, altering the demand and price of these commodities and also changing the
consumption of all other goods due to the budget constraint. Climate-change-related temperature shocks on
labor productivity are differentiated depending on the exposure of sectors, with agriculture, forestry, and fishing
considered high exposure, industry and manufacturing considered low exposure, and the services sector not
shocked. Impacts due to floods and sea-level rise are composite because they imply the simultaneous occurrence
of a shock on labor productivity and a shock on capital stock. This shock on labor productivity is based on a
temporary reduction during flood events, whereas the shock on capital stock is computed using the sectoral
expected annual damage as a share of capital. In addition, sea-level rise shocks on land availability are included.

Figure 2.14: Framework to Quantify the Economic Effects of Climate Change Impacts
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The approach applied reflects a more appropriate representation of climate change shocks in economic
modeling than typified earlier literature. Rather than treat climate change as creating recurrent shocks

to output, climate change is also treated as creating persistent shocks to productivity and capital, which
accumulate over time by changing the trajectory of growth. Multiple channels of impact are also considered,
such as flood impacts on capital and labor productivity. The approach also includes impacts that occur via
value chains, trade and investment, and competitiveness, as the model captures climate impacts in all regions
of the globe, even if the focus here is on results for the Asia and Pacific region.

By 2070, climate change under a high end emissions scenario could cause a total loss of 16.9% of GDP
across the Asia and Pacific region. Most of the region would face more than 20% loss. Aggregate results are
presented in Figure 2.15 by country, while the Annex provides detail on the evolution of losses by sector in each
country. Among the assessed countries and subregions, these losses are concentrated in Bangladesh (-30.5%),
Viet Nam (-30.2%), Indonesia (-26.8%), India (-24.7%), “the rest of Southeast Asia” (-23.4%), higher-income
Southeast Asia (-22.0%), Pakistan (-21.1%), the Pacific (-18.6%), and the Philippines (-18.1%). Losses increase
at a higher rate over time, as the difference between 2050 and 2070 losses is greater than between 2030

and 2050. These losses are far above prior model-based losses and are consistent with the upper bound of
econometric estimates. They also confirm that climate policy responses, including adaptation and mitigation, will
be essential to the future welfare of the Asia and Pacific region.

Figure 2.15: Loss of Gross Domestic Product due to Climate Change Under a High End Emissions Scenario
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Source: Campagnolo, L., G. Mansi, F. Bosello, and D. A. Raitzer. 2024. Quantifying the Economic Costs of Climate Change Inaction for the
Asia-Pacific Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.



Losses could be even higher. Losses of 16.9% of regional GDP by 2070 are calculated under median sectoral
shock values, but sector shocks have uncertainties, even under a single emissions scenario (Figure 2.16).

If the 90th percentile of these shocks are considered, losses equate to 26.7% of regional GDP, a value that is
58.0% higher than under median shock values, with Bangladesh experiencing a 68.6% loss and a number of
other locations facing losses of around 40%. Under the 10th percentile of shocks, the loss is 11.4% of regional
GDP, which is still substantial. The estimates can also be considered conservative in that the modelling only
reflected a subset of actual climate change impacts. For example, effects on human health beyond labor
productivity are not included, nor are effects on ecosystem services, such as pollination, regulation of pests
and diseases, or human conflict. In general, these omissions mean that a more comprehensive accounting
would find even higher losses.

Sea-level rise is the dominant driver of economic losses due to climate change. Considering the impacts
of sea-level rise and storm surges under a high end emissions climate scenario, the loss of GDP in 2070 for
the Asia and Pacific region is 6.3% with respect to the “no climate change” scenario. Indonesia, Bangladesh,
Viet Nam, the Pacific, and higher income Southeast Asia have the largest losses among developing countries
and subregions at -16.1%,-15.4%, -15.0%, -13.8%, and -13.3% of GDP, respectively (Figure 2.16).

Figure 2.16: Sensitivity of Modeled Losses in 2070 due to Climate Change Under a High End Emissions Scenario
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Figure 2.17: Composition of Losses in Gross Domestic Product in 2070 due to Climate Change
Under a High End Emissions Scenario
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For many countries, effects on labor productivity from heat waves are large and rank second or even
dominate losses. The GDP loss in 2070 from reduced labor productivity is found to be 4.9% for the region.
The most impacted locations are tropical and subtropical. These include “the rest of Southeast Asia” (-11.9%),
India (-11.6%), Pakistan (-10.4%), and Viet Nam (-8.5%) as shown in Figure 2.17.

Increased energy demand becomes a substantial economic cost as economies struggle to cope with
heat waves. Higher temperatures increase demand for cooling sufficiently to lead to a 3.3% GDP reduction
for the Asia and Pacific region by 2070. Losses are concentrated in climates with hotter seasonal temperatures
and where energy usage for cooling is highest. These include India (-5.1%), the PRC (-3.7%), and Central Asia
(-2.5%), as shown in Figure 2.17.

Increased river-based flooding causes large economic impacts in selected countries and subregions.
Due to increased river-based flooding under a high end emissions climate scenario, the GDP loss in 2070 for
Asia and the Pacific is 2.2% of GDP. Countries with mega deltas experience the largest losses, with Bangladesh,
“the rest of Southeast Asia,” and Viet Nam facing changes of -8.2%, -6.6%, and —6.5% of GDP, respectively
(Figure 2.17). Indonesia and India lose about 4% of GDP.



Losses are substantial in the natural resource sector, encompassing agriculture, forestry, and fisheries.
The economic loss from shocks to these climate-dependent sectors is 2.1% of GDP across the region by 2070.
The combined losses from these sectors are largest in Pakistan (-12.0%), “the rest of South Asia” (-6.0%),

the Philippines (-4.7%), higher income Southeast Asia (-4.5%), Indonesia (-4.5%), “the rest of Southeast Asia”
(-4.3%), and Viet Nam (-4.1%), as shown in Figure 2.17.

The composition of losses changes over time. Whereas sea-level rise is the largest source of economic
losses in 2070, in the 2030s, most economic losses are driven by effects on labor productivity and energy
demand (Figure 2.18). Losses related to sea-level rise and storm surges accelerate over time, because of a
combined effect of sea-level rise itself accelerating, storm surges exacerbating the acceleration effect, and the
cumulative effect on economic growth of costs to rebuild damaged capital. The modeling also finds smaller
combined effects of shocks than the shocks considered individually, as some shocks affect the same sectors
and there is compensation within the economy.

Figure 2.18: Sector Composition of Modeled Losses due to Climate Change Under a High End Emissions Scenario
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Damage functions derived from the modeling suggest that 41.0% of GDP could be lost by 2100.
Although economic losses are only directly modeled out to 2070, the relationships between climate
variables and losses up to 2070 can be used to extrapolate losses to 2100. This involves fitting country- or
subregion-specific damage functions of GDP loss to global mean temperature increase for loss channels via
labor productivity, energy demand, river-based flooding, and fisheries and forestry shocks. For agriculture,
GDP loss is fitted to the global mean SPEI-6 change, while GDP loss due to sea-level rise is fitted to mean
global sea-level rise. All shocks are rescaled to account for the fact that simultaneous runs of shocks lead to
smaller losses than the sum of losses from shocks modeled individually. These damage functions are applied
to the mean of 25 GCM projections from the Coupled Model Intercomparison Project 6 to extrapolate losses
to 2100 for temperature and SPEI and Garner et al. (2021) sea-level rise projections for the IPCC Sixth
Assessment Report (Figure 2.19). The results for a high end emissions climate scenario (SSP5-8.5) show



especially large vulnerability for Bangladesh, with a potential 77.9% GDP reduction, Viet Nam with 67.9%
reduction, and Indonesia with 61.1% GDP reduction. The result of 41.0% GDP loss for the Asia and Pacific
region is higher than previous estimates of 24% of GDP (ADB 2023) and less than 15% of GDP for subregions
of Asia (Raitzer et al. 2015; Ahmed and Suphachalasai 2014; Westphal, Hughes, and Brommelhorster 2013).

Losses remain substantial even under much more optimistic mitigation assumptions. The same damage
functions and data sources that extrapolate losses to 2100 under a high end emissions scenario are applied to
other scenarios, including RCP4.5,> which leads to warming of about 2.7°C, and RCP2.6 as a scenario that keeps
global warming well below 2°C. Under RCP4.5, regional losses would be 20.0% of GDP in 2100, with Bangladesh
experiencing 41.1% GDP loss, Viet Nam losing 33.8%, and a number of other countries facing 20%-30% losses
(Figure 2.19). Under RCP2.6, which would require immediate emissions reductions that reach global net zero

by 2070, regional losses would be 11.2% of GDP, with Bangladesh still facing a 24.5% GDP loss and several other
countries and subregions facing losses in excess of 15% of GDP. While this is a major reduction from losses under
RCP8.5, the result also illustrates that substantial climate risks remain to be addressed by adaptation measures,
even if mitigation is pursued with high ambition and no climate tipping points are triggered.

Figure 2.19: Economic Losses in 2100 due to Climate Change Under Various Climate Scenarios
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GDP = gross domestic product, RCP = Representative Concentration Pathway.
Notes: Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Mongolia, Tajikistan, Turkmenistan, and Uzbekistan.
Higher Income Southeast Asia comprises Brunei Darussalam, Malaysia, Singapore, and Thailand. The Pacific comprises the Cook Islands, the
Federated States of Micronesia, Fiji, Kiribati, the Marshall Islands, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu,
and Vanuatu. Rest of South Asia comprises Afghanistan, Bhutan, Maldives, Nepal, and Sri Lanka. Rest of Southeast Asia comprises Cambodia,
the Lao People’s Democratic Republic, Myanmar, and Timor-Leste.
Source: Campagnolo, L., G. Mansi, F. Bosello, and D. A. Raitzer. 2024. Quantifying the Economic Costs of Climate Change Inaction for the
Asia-Pacific Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.

Overall patterns reinforce that economic impacts will be regressive. With the largest economic impacts
of climate change occurring in those areas of Asia and the Pacific with lower relative incomes—such as
Bangladesh, India, Indonesia, Pakistan, the rest of Southeast Asia, Viet Nam, and the Pacific—via channels
such as increased coastal inundation, lower labor productivity, and lower natural resource productivity, poor
communities are likely to be most affected. Poor people are most likely to live in areas exposed to flooding
and storm surges, to depend on natural resource sectors for livelihoods, and /or to work in sectors exposed to
increasing heat. They also have the lowest capacity to adapt and cope with these shocks.

5 The text here refers to RCPs, rather than the SSP designation (e.g., RCP8.5, rather than SSP5-8.5), because the socioeconomic assumptions
are held constant in the comparison, so that designations such as SSP2-4.5 and SSP1-2.6 are not correct for those scenarios.
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Annex: Details of Modeled Losses of Gross Domestic
Product Under a High End Emissions Scenario
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Annex continued

Agriculture M Fisheries M Forestry Ml Labor [l Energy MM River flooding Ml Sea-level rise === All
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GDP = gross domestic product.

Notes: The scenario depicted is SSP5-8.5. Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Mongolia,
Tajikistan, Turkmenistan, and Uzbekistan. Higher Income Southeast Asia comprises Brunei Darussalam, Malaysia, Singapore, and Thailand.

The Pacific comprises the Cook Islands, the Federated States of Micronesia, Fiji, Kiribati, the Marshall Islands, Nauru, Niue, Palau, Papua New Guinea,
Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu. Rest of South Asia comprises Afghanistan, Bhutan, Maldives, Nepal, and Sri Lanka. Rest of
Southeast Asia comprises Cambodia, the Lao People’s Democratic Republic, Myanmar, and Timor-Leste.

Source: Campagnolo, L., G. Mansi, F. Bosello, and D. A. Raitzer. 2024. Quantifying the Economic Costs of Climate Change Inaction for the
Asia-Pacific Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.
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Chapter 3

Accelerating Climate
Change Adaptation
in Asia and the Pacific



A warmer and destabilized climate system necessitates urgent responses. Climate change is already
irreversible, and patterns of warming will take decades to respond to mitigation actions. This means that climate
adaptation is essential. Although mitigation will condition the amount of adaptation needed in the long term,
both unavoidable climate impacts and the possibility that larger impacts will not be avoided must be tackled by
adaptation measures in the near term. As illustrated in Chapter 2 of this report, the Asia and Pacific region faces
large economic and social losses if climate change is not met with commensurate responses. A wide range of
actions will be needed to avoid large losses from climate change that is locked in, as well as the likelihood that
warming will continue to escalate. This chapter starts by providing a framing for how adaptation policy can be
approached. It then reviews priority adaptation responses in vulnerable sectors and systems. Actions to date are
compared against priority responses, with a particular focus on climate finance. Finally, recommendations are
offered based on gaps between priority responses and actions to date. Recommendations to upscale adaptation
efforts are framed around three sets of policy actions: (i) assessing and communicating information on climate
risk to embed adaptation in many decisions; (ii) systematically planning, prioritizing, and appraising investments
in adaptation; and (jii) securing and sustaining adaptation financing.

Effective adaptation has to respond to a mix of hazards, including slow-onset changes as well as
changes in variability and extremes. Slow-onset events refer to risks and impacts that unfold gradually over
time, such as the increase in mean temperature and changing precipitation or sea-level rise and salinization
(van der Geest and van den Berg 2021). The impacts of these changes can be reduced with adaptation.
Climate change will also lead to changes in the patterns of extreme weather, changing the frequency and/or
intensity of events such as heavy precipitation and floods, droughts, storms (including cyclones and typhoons),
and heat waves, with increased likelihood of unprecedented extremes (Seneviratne et al. 2021). Addressing
these acute impacts of climate change involves a combination of disaster risk management and climate

change adaptation.

Resilience to climate risk is a function of how exposure and vulnerability condition the effects of
changing hazards. Hazards include slow-onset changes and extreme events driven by the biophysical
processes of climate change. On the other hand, exposure and vulnerability are largely conditioned by
socioeconomic processes and are also dynamic (IPCC 2014). This means that socioeconomic processes also
drive climate risk, and effective adaptation therefore requires that these underlying drivers are addressed

to reduce exposure and vulnerability.

Adaptation is a continual process, not a set of one-off decisions. The potential impacts of climate
change—and the analysis of adaptation responses—are specific to risk, location, context, and time

(UNEP 2023). These challenging factors are compounded by high levels of uncertainty associated with future
climate change impacts and levels of associated risk and vulnerability. Uncertainty is evident in four main
areas: (i) policy uncertainty about future emissions trajectories; (i) model and scientific uncertainty about
what emissions will mean for climate and weather patterns, especially in specific places and at particular times;
(iii) biophysical impact uncertainty about how weather and climate shifts impact ecosystem-dependent goods
and services; and (iv) socioeconomic uncertainty about how the future world will evolve and change exposure
and vulnerability to biophysical impacts. This layering of evolving uncertainties means that adaptation is not

a simple linear cost-optimization exercise and requires approaches to optimize decisions under uncertainty
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(Haasnoot et al. 2013). Adaptive management and adaptation pathways therefore should consider adaptation
as a process, rather than a defined set of technical solutions. This adaptation “sequencing” builds in learning
over time to allow for updated options as new information emerges.

Reducing the costs of climate change impacts through adaptation should have economic benefits.
While climate adaptation has an overall cost—defined as the combined costs of planning, preparing for,
facilitating, and implementing adaptation measures—it seeks to reduce the economic and financial costs of
climate change. Estimating the costs and benefits of adaptation requires a complex analysis of site-specific risks
(hazard, vulnerability, and exposure), which may change over time. Estimates of adaptation costs can also vary
according to climate objectives, projected warming levels and scenarios, definitions and boundaries, and the
sectors and risks analyzed. However, appropriate adaptation measures should lead to net economic benefits.
This is reinforced by economic assessments of individual solutions or adaptation projects, including reviews

of the cost-benefit ratios of adaptation by the Organisation for Economic Co-operation and Development
(OECD 2015), the Global Commission on Adaptation (GCA 2019, 2021), the Climate Change Committee
(CCC2021), and the World Bank (World Bank 2021). These studies report that many, though not all, adaptation
options deliver positive cost-benefit ratios, typically above 2:1 and often as high as 10:1 (Giardino and
Vousdoukas 2024). Because of its positive effects in reducing the fiscal impacts of climate change, adaptation
can also have net benefits for public finances, even though it may require higher spending (Bachner,
Bednar-Friedl, and Knittel 2019). Adaptation can prevent climate impacts that reduce government revenues,
increase government expenditure and contingent liabilities, alter external performance, and even influence
sovereign credit ratings and the cost of debt (UNEP 2018; Volz et al. 2020; Cevik and Jalles 2020).

Adaptation involves a trade-off between costs, benefits, and residual risk. Appropriate economic analysis
of climate adaptation requires assessment of not only the costs and benefits but also residual risks remaining
after adaptation, because adaptation rarely reduces impacts completely. This, in turn, influences the objectives
set for adaptation (UNEP 2023), with the goal for such measures often being not to reduce climate risks
completely but to manage them down to acceptable levels.

There is a strong economic case for many types of early adaptation action. The uncertainties of
adaptation measures can make them difficult to justify when using standard economic frameworks, especially
where adaptation involves up-front costs to deliver future benefits. However, there is a strong economic case
for many types of early adaptation action. Adaptation planning may consider a range of complementary actions
(Watkiss and Betts 2021), including

(i) no- orlow-regret adaptation actions that address existing and early economic costs of slow-onset
changes and current extremes and so provide economic benefits today, such as from improved weather
forecasts or seasonal predictions;

(i) climate-smart design in new infrastructure, where there is a cost-effective opportunity to help prepare
for future impacts and/or avoid locking in large economic costs (Hallegatte et al. 2019); and

(iii) low-cost preparatory and early actions that can be taken to improve future decisions and provide option
value (DEFRA 2024), especially as part of adaptive management plans and adaptation pathways.

The economic case for moving beyond early action to transformational responses is strengthening, which
requires preparation. As an example of actions that provide option value, easements that enable adaptation
infrastructure, such as coastal protection measures, can be negotiated long before the infrastructure needs to
be built. Other initial measures can be built to be compatible with varying levels of risk in the future, such as
lower-height seawalls that have the ability to support height extensions. This is especially valuable for decisions
that have long lead times or involve possible large-scale but uncertain impacts in the future.
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3.1.2 Range of Adaptation Responses

Adaptation involves a wide range of actions with different characteristics. Climate adaptation can

vary in terms of its intent and timing (Burton 2009) as shown in Figure 3.1. It can be reactive, responding to
changes that are already being experienced, or proactive in anticipation of future effects of climate change.

It may happen spontaneously (i.e., autonomous, unplanned, or not targeted specifically to climate risks) or be
planned. Adaptation can also be incremental, seeking only to manage risks that impact the status quo, or be
transformational and transitioning to a new socioeconomic system (IPCC 2014). It may be implemented at
an individual project level or at a strategic or policy level. There are also three types of activities under climate
adaptation (EIB 2022): (i) adapted activities, i.e., climate-proofing development activities where adaptation is
a secondary objective; (i) activities with shared objectives of development and adaptation; and (iii) activities
where adaptation is the primary objective. Adaptation can involve interventions in nonmarket sectors and in
public goods as well as in market sectors, which is important for financing.

Figure 3.1: Typology of Climate Change Adaptation Responses
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Adaptation is not just a set of technical solutions, as it can often depend on structural, institutional,
ecological, and behavioral actions. The actions include capacity building and institutional strengthening;
awareness raising and nonstructural actions (“soft options”); and technical, structural, or engineered actions
(“hard options”) (IPCC 2022a). Adaptation also requires enabling conditions, which include institutional
arrangements, governance frameworks, and policy and legislation. Importantly, these types of actions are not
alternatives to each other, and adaptation is more effective if they are combined together.

Cascading risks and interactions with other hazards can alter the effectiveness of adaptation actions.
Compounding risks can occur when two events happen at once and these events combine to exacerbate
impacts. For example, Ranger, Mahul, and Monasterolo (2022) estimate that the “compounding multiplier” of
two climatic events happening at once can increase impacts by 50% compared to the sum of the impacts if the
same two events happened independently. There is also the potential for consequential risks, e.g., droughts
followed by floods, which can lead to greater impacts than if these events occurred at distinctly different times
(Kruczkiewicz et al. 2022). Meanwhile, interdependencies within economic systems can lead to cascading
risks. For example, electricity is critical to a wide range of sectors, notably communications networks,
transport logistics, and water infrastructure. This means that damage to electricity infrastructure in one sector
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or locality can lead to economic losses in another (Hallegatte, Rentschler, and Rozenberg 2019). When setting
adaptation policies, it is important to identify and address these potential risks through multihazard assessment
and analysis of interactions.

Adaptation to climate change is part of a broader continuum with development. Climate change can
exacerbate the need for development investment, such as funding for additional flood or coastal protection
or for electricity for increased cooling in buildings. Conceptually, it can be considered to do so by shifting

an existing demand (damage cost) curve for these interventions to the right, as weather-driven events such
as flooding become more frequent and destructive under climate change (Figure 3.2). Addressing lower
magnitudes of damage events (the left part of the demand curve) gives both existing and adaptation benefits,
whereas addressing higher damages that are more unlikely without climate change gives a higher share of
adaptation benefits. No-regret options exist up to the intersection of the existing damage and protection cost
curves, whereas pure adaptation occurs only when that intersection is exceeded. Given that most developing
countries have not reached the no-regret intersection for many protection measures, there are many no-regret
opportunities that represent both adaptation needs and development needs that exist even without climate
change. Thus, the distinction between what is development policy and what is adaptation policy is not always
clear. Specifying the adaptation components of broader development initiatives is not always straightforward
or appropriate, which complicates efforts to track adaptation progress and resource allocation.

Figure 3.2: Economic Framework for Adaptation Investments
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Trade-offs between adaptation as a direct goal and development as a means of adaptation need to be
managed. Societies with higher human and social capital, as well as higher incomes and savings, are generally
considered more resilient and have better adaptive capacity. Development options that improve and insulate
livelihoods from weather can be considered a form of adaptation, especially for the least-developed economies
(Dercon 2004). Indeed, there are potential trade-offs if resources are allocated to reduction of uncertain risks
at the expense of growth that improves adaptive capacity. However, pursing development without considering
climate change can lead to maladaptation, as development may be in sectors, activities, or areas with exposure
to increasing damages. More explicitly developed climate-resilient development pathways (IPCC 2022a) that
can deliver climate-compatible growth are often needed (OECD 2023b).



Asia and the Pacific will increasingly face limits to climate adaptation. Due to economic and biophysical
limitations, adaptation will not always be able to address climate impacts (IPCC 2022a). There can be “soft”
limitations to adaptation. These include technical, financial, governance, and institutional issues that may be
insufficient at present but can be overcome by addressing constraints. For example, low-lying coastal areas in
certain islands of the Pacific might require investment in coastal protection that is 10 times a given location’s
gross domestic product in order to avoid catastrophic losses under sea-level rise, but that investment could be
provided by those with historical responsibility for global warming. However, there are also “hard” limitations to
adaptation where no adaptive actions are possible. For example, some natural ecosystems, such as warm-water
coral colonies, are getting close to their biophysical threshold levels, and losses may be irreversible once those
thresholds are exceeded (Dixon et al. 2022).

As the climate crisis deepens, there will be a need for more transformational adaptation. Once

no-regret options are exhausted, pure adaptation investments are needed and, as increasing damage levels

are confronted, they will need to be increasingly transformational. This not only involves technical responses
but also takes account of the social, economic, and technological factors that can bring about rapid change at
scale. For example, the scale of actions needed to address the impacts of sea-level rise on certain Pacific island
countries will require different approaches to traditional coastal protection. This might include a combination
of land-use planning and technical and nature-based solutions, but should also consider land reclamation,
population consolidation in areas to be protected, migration, and governance changes (CRC 2020; UNF 2023).

Even if adaptation is rapidly scaled up, Asia and the Pacific will still face rising loss and damage.

The concept of loss and damage (UNCC 2012) is concerned with the unavoidable and irreversible impacts of
climate change, from slow-onset impacts as well as extremes, and includes both economic and noneconomic
losses. It is driven by risks that will remain even after global mitigation action, as well as the residual risks if
adaptation is not undertaken or is underdeployed. To cope, the Asia and Pacific region will need to scale up
climate finance mechanisms to address the increasing frequency and intensity of extreme weather events.
These include contingency financing, contingent disaster financing, as well as options such as sovereign risk
pooling and new insurance approaches, nature-based insurance models, parametric insurance models, and
innovative insurance instruments (Lloyds 2018).

Adaptation is relevant to all sectors, although some sectors have more pronounced needs. Climate
adaptation needs are, in many respects, specific to certain sectors and contexts, although they also often require
multisectoral and systems-based planning and coordination to be effective. This section identifies some of the
concrete needs for adaptation by sector, along with potential priorities for scaling up investment. The focus is

on planned adaptation—recognizing that, while there will be autonomous and reactive responses, these on their
own will not be sufficient to address the scale of present and future climate challenges. In addition, the focus

is on measures that go beyond climate-proofing and target adaptation as a primary objective. The systems and
sectors assessed include some of those most directly vulnerable to climate change, although adaptation needs
extend into every sector.



Modeling reveals large investment needs for infrastructure, coastal and flood protection, and
agriculture. UNEP (2023) compiles estimates from the Dynamic Interactive Vulnerability Assessment (DIVA)
model for coastal infrastructure, the Global Flood Risk with Image Scenarios (GLOFRIS) model for riverine
infrastructure, the IMPACT partial equilibrium agricultural sector model of the International Food Policy
Research Institute, World Bank modeling of climate-proofing infrastructure, and more indicative modeling for
other sectors in developing countries.! The estimates should not be considered exhaustive, as each model only
considers a specific range of measures, and other possible options such as water retention basins or education
investment are excluded. Nevertheless, the compilation is informative as a lower-bound set of estimates that
is comparable across economies. Beyond the general category for infrastructure at $37 billion per year, coastal
protection has the next largest investment need at $27 billion per year, followed by river flood protection at
$17 billion and agriculture at about $7 billion (Figure 3.3). Agriculture and coastal protection dominate in

the Pacific. Infrastructure and coastal and river flood protection dominate needs in East Asia, South Asia,

and Southeast Asia. Meanwhile, investment in disaster risk reduction is largest for Central Asia. On a per
capita basis, costs are highest in the Pacific, Southeast Asia, and East Asia.

Figure 3.3: Modeled Annual Adaptation Needs for Asia and the Pacific, 2023-2030
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Republic, Malaysia, Myanmar, the Philippines, Thailand, Timor-Leste, and Viet Nam.

Source: Authors' calculations from data generated by United Nations Environment Programme. 2023. Adaptation Gap Report 2023: Underfinanced.

Underprepared. Inadequate Investment and Planning on Climate Adaptation Leaves World Exposed.

The modeling was performed under the Shared Socioeconomic Pathway 2, Representative Concentration Pathway 4.5 scenario
(SSP2-4.5), which is similar to warming under full implementation and extension of nationally determined contributions submitted
to the United Nations Framework Convention on Climate Change. Up to 2030, however, there is minimal divergence among
Representative Concentration Pathway scenarios.
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Extensive adaptation investment is needed to contain sea-level rise impacts in the Asia and Pacific
region. The region faces some of the highest potential impacts of sea-level rise globally, due to its large coastal
populations living in low-lying areas (112 million people in the region live in areas where the elevation is below
3 meters). When considered in the context of increasing storm surges and wave size under climate change,
rising sea level has the potential to inflict very significant economic and social impacts, particularly for small
island economies in the Pacific.

Adaptation to coastal risks, including sea-level rise, uses four strategies: protect, accommodate,

retreat, and advance. Protection reduces coastal risks through hard engineered options (e.g., dikes for
protection), soft options (e.g., sand replenishment to address erosion), or nature-based solutions (IPCC 2022b).
Accommodation adjusts the use of the coastal zone in response to risks, such as with early warning systems,
increasing insurance or increasing flood resilience (e.g., raising houses). Planned retreat involves pulling back from
the coast via development control, land-use planning, or set-back zones. In practice, the strategies of protect,
accommodate, and retreat have important synergistic roles to play in an integrated and sequenced response.
Options to advance include land reclamation. The specific options (or mix of options) will vary with the coastal
site and context, including current and future population levels and value of assets at risk.

Coastal adaptation solutions can have substantial net economic benefits. Addressing sea-level rise
requires large investment in protection, with modeling studies estimating coastal adaptation costs at $27 billion
per year until 2030 (UNEP 2023). However, this investment will generate high benefits. For example, other
estimates of specific coastal adaptation costs among the developing member countries (DMCs) of the Asian
Development Bank (ADB) range from $9 billion to $17 billion per year, but the net economic benefits are
quantified to be at least 10 times the level of investment (Giardino and Vousdoukas 2024). Such investments
also generally lead to wider macroeconomic and fiscal benefits (Parrado et al. 2020).

Ecosystem-based measures have potential for coastal protection. This includes restoring coastal
ecosystems (e.g., mangroves) that can capture sediment and attenuate wave energy to reduce coastal flood
risks. Such restoration also provides wider ecosystem service benefits to communities and the environment.
Tiggeloven, Aerts, and Ward (2021) report that shoreline vegetation globally could contribute to important
decreases in both absolute and relative flood risk (i.e., a 9%-13% reduction). Figure 3.4 shows the results of
modeling on the global annual benefits from flood protection with and without mangroves. It indicates that
mangroves provide flood protection benefits exceeding $65 billion per year in terms of avoided property
losses. If mangroves were lost, an additional 40,000 square kilometers of land would be flooded across the
world annually and 15 million more people would be exposed. Coral reefs are another example of how nature
can provide adaptation benefits, providing natural coastal protection by reducing wave energy and buffering
shorelines against soil erosion and storm damage. It is estimated that coral reefs can reduce wave energy by
up to 97%, depending on the density and health of the reef (PCMSC 2022) and also provide wider ecosystem
benefits, including food sources, employment and tourism opportunities, and recreation for local communities.
Ecosystem-based solutions can also help address multiple risks from flooding, drought, storm surges, and sea-
level rise. At the same time, these solutions are often most effective when used as part of a complementary
portfolio of actions (Seddon et al. 2020; Chausson et al. 2020).



Figure 3.4: Global Annual Benefits Quantified from Flood Protection via Mangroves
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Spatial planning and land-use policies are important for coastal protection. The mapping of zones facing
potential inundation by current and future storm surges and sea-level rise can be used in land-use planning,
including integrated coastal zone management planning, to anticipate and reduce current and future climate
risks. Such mapping is particularly useful because of the generally irreversible nature of spatial planning
decisions, which may otherwise lock in exposure to future risks. However, this level of planning depends on
high-quality digital information such as precision topographical and elevation data from satellites as well as
detailed inventories of critical infrastructure.

The vulnerability of coastal communities can be reduced by early warning systems. These systems

are important to address increasingly frequent and intense cyclones and tropical storms and their associated
storm surges and extreme waves, which are more destructive under sea-level rise. These systems are most
effective if employed in combination with climate-resilient flood shelters, detailed emergency response

plans, and accessible evacuation routes and protocols (Box 3.1 details reductions in death tolls achieved
through the construction of flood shelters in Bangladesh). Preparedness for the risks associated with extreme
weather events can be further enhanced by engaging local people in adaptation planning and decision-making
processes, leveraging their traditional knowledge and localized expertise to develop context-specific
adaptation measures and enhance community resilience.

Transformational adaptation will be needed to address sea-level rise in the Pacific. The up to 1 meter of
mean sea-level rise that may happen within this century will pose large challenges for Pacific island countries
(IPCC 2022b). Rises in sea level will vary regionally, due to ocean dynamics and land-ice loss (Oppenheimer
etal. 2019), with sea-level rise in the South Pacific projected to be higher than the global average. This will
mean greater adaptation needs and coastal protection costs that equate to significant proportions of gross
domestic product. Adaptation costs are expected to be high for atolls, small islands, and low-lying deltas as
these localities tend to have a very high percentage of the population living in low-lying areas. It is possible
that there will be economic and social barriers to such expensive and long-term coastal protection strategies,
especially under high emissions scenarios (IPCC 2022b). The solution is to find more strategic approaches to
investment, including more transformational adaptation pathways. This is likely to involve policy support and
capacity building for sustainable land-use planning and nature-based solutions; information and awareness
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Box 3.1: Reducing Vulnerability via Flood Shelters in Bangladesh

Flood shelters, also known as cyclone shelters or flood-resistant shelters, play a crucial role in mitigating the impacts
of flooding, cyclones, and storm surges in Bangladesh, a country prone to frequent and severe disasters triggered by
natural hazards.

The construction of flood shelters in Bangladesh has dramatically reduced the number of fatalities from cyclones. For
example, the 1970 Bhola cyclone is estimated to have claimed 300,000 to 500,000 lives, making it one of the deadliest
storms in history. Subsequent cyclones continued to have high casualty rates, with about 11,000 deaths in 1985 and
140,000 in 1991.

Significant improvements in cyclone preparedness and the construction of shelters have led to a marked decrease in deaths
from such disasters. Cyclone Sidrin 2007 resulted in approximately 3,500 deaths while Cyclone Aila in 2009 caused about
190 fatalities. More recent cyclones have seen even fewer deaths, illustrating the effectiveness of the shelters and other
disaster preparedness measures. Cyclone Amphan in 2020 resulted in around 20 to 26 deaths.

This reduction in fatalities can largely be attributed to the increased number of flood shelters—from only 42 in 1970 to
over 12,000 by 2020, capable of protecting nearly 5 million people. These shelters, coupled with improved forecasting,
warning systems, and evacuation processes, have been critical in saving lives during extreme weather events.

Besides saving lives, flood shelters also contribute to community resilience by strengthening preparedness, response,
and recovery capabilities in disaster-prone areas. By providing a centralized and well-equipped facility for emergency
operations and coordination, flood shelters help communities mobilize resources, organize evacuations, and respond
effectively to disasters. As such, they promote social cohesion and community solidarity by bringing people together
during times of crisis, offering communal spaces where people can gather together to seek safety and support.

This fosters a sense of solidarity, mutual assistance, and resilience, strengthening social networks and community bonds
in times of adversity.

Overall, flood shelters play a vital role in Bangladesh’s disaster risk management and resilience-building efforts, providing
a lifeline for vulnerable communities and helping save lives, protect property, and build resilience in the face of recurrent
natural hazards exacerbated by climate change.

Sources: Alam, E. 2024. Reasons for Non-Evacuation and Shelter-Seeking Behaviour of Local Population Following Cyclone Warnings
Along the Bangladesh Coast. Progress in Disaster Science. 21; UCL (University College London). 2020. Analysis: Bangladesh Has Saved
Thousands of Lives from a Devastating Cyclone—Here’s How.

campaigns for the general public; new and innovative financing instruments; and strategic investments in
gray, green, and hybrid projects. Such options might include considerations around major land reclamation
(advance) or migration (an extreme form of retreat). These adaptation pathways should also address major
social and economic issues and will depend on existing legal and institutional factors.

Changes to water availability and water-related stress are major channels of climate impacts. Water
management encompasses a range of activities aimed at optimizing the use and conservation of water
resources under climate variability and climate change, including the risks of floods and droughts.

Water Source Management

Balancing the demand, supply, and quality of water is critical under climate change. Reductions in water
demand can be achieved by introducing climate-resilient agricultural practices; promoting water efficiency
measures in households, businesses, and industry; reducing leakages within distribution networks (surface
water and piped systems); and implementing incentive measures such as pricing of water and the introduction
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of water markets. Depending on location and physical context, water supply can be augmented by means of
storage facilities (e.g., reservoirs, ponds, and wetlands); harvesting of rainwater; sustainable maintenance and
use of groundwater reserves (e.g., by means of managed aquifer recharge and aquifer storage and retrieval);
improved watershed management, which also helps combat floods and droughts; and enhanced systems for
water transfer. The performance of water distribution and allocation systems can also be improved through
the use of digital data sources and remote-sensing technologies. Water quality can be upgraded via increased
sewage treatment, targeted land-use regulations (e.g., to reduce agricultural pollution of waterways), and
expanded regulations on industrial pollution.

There are many no-regret options for managing water demand. Chief among these options are water
efficiency measures, which have some of the highest cost-benefit ratios of all adaptation measures and should
be a priority for early adaptation strategies. Water efficiency measures offer immediate benefits to users while
also reducing the need for additional capital-intensive water supply projects (e.g., new storage reservoirs). As
well as technological options, such measures include raising awareness of the benefits of water efficiency and
the application of consistent pricing for all water users.

Integrated water resources management can coordinate the measures needed. Integrated river basin
plans can be used to identify which measures are most suited to improve the performance of the water system
under climate change. Integrated river basin management coordinates different forms of land use and water
use and helps to manage competition for water between agricultural (the largest water consumer), industrial,
residential, and ecosystem usage. The success of integrated water resources management critically depends
on improving capacity to implement land-use regulations and spatial planning, as well as environmental
regulations, to conserve water and land resources.

Floods

Many flood risks can be reduced by targeted adaptation actions. Chapter 2 of this report identifies the

large flood risks arising from climate change in the Asia and Pacific region, along with the high economic costs
associated with leaving these risks unresolved. Fortunately, there is a wide range of adaptation options for
addressing inland (river and surface water) flood risks. The scope of flood risk management is determined by

a combination of the hazard (the probability of the flood event), the exposure (what will be flooded) and the
vulnerability (who and what might be impacted and by how much). Adaptation options to reduce the hazard are
to store water locally and/or upstream (e.g., in reservoirs and detention basins) and through improved watershed
management, riparian buffer zones, and wetland restoration. The hazard can also be reduced by flood protection
infrastructure (levees, floodwalls, etc.) and river engineering works. The exposure can be reduced via floodplain
planning and zoning (restricting or guiding development in flood-prone areas). Reducing the vulnerability can

be achieved by implementing effective early warning systems (with community engagement) and promoting
adaptive building design and retrofitting (e.g., elevated structures and flood- proofing).

The adaptation needs for flood risk management in Asia and the Pacific are large. Based on the global
GLOFRIS model (Ward et al. 2017), the annual investment needed for adaptation measures to address

river floods in ADB’s DMCs is estimated at $17 billion per year through 2030 (UNEP 2023). However,

these investments are expected to deliver very high net economic benefits (Ward et al. 2017). While hard
engineered protection will be needed, the economic benefits of flood risk management can increase when

soft options and nature-based solutions are included as part of a portfolio of adaptation actions. For example,
the median benefit-to-cost ratio for flood prevention and preparedness is reported at 3:1 to 5:1 (World Bank
2021; Mechler 2016), but this ratio exceeds 5:1 (sometimes substantially so) when the flood risk management
strategy also includes early warning systems. Box 3.2 provides some further context around the use of early
warning systems in Asia and the Pacific.



Box 3.2: Challenges for Flood Forecasting and Early Warning Systems in Asia and the Pacific

The Asia and Pacific region is one of the world’s most flood-risk-prone areas. Most of the region exists under tropical
climates, which can be dominated by monsoon rainfall that results in widespread flooding and drainage issues in urban
areas. The region’s coastal areas also face high risks from extreme waves and storm surges. In fact, more than 45% of
disaster losses in Asia and the Pacific from 2012 to 2021 were triggered by flooding (ADB 2021), with climate change
expected to increase the risk of flooding and the associated losses.

Effective flood forecasting and early warning (FFEW) systems help to save lives and reduce economic losses and
displacement of people. Individual economies in Asia and the Pacific (as well as cities within those economies) exhibit
significant variation in their technological capacity and ability to implement and maintain FFEW systems. Another issue
is the quality of mobile telephony and other data communication systems as well as a lack of reliability in transmitting
real-time sensor data, especially during hazard events. Many developing economies and cities have limited budgets and
are saddled with overriding demands for basic services. As a result, they often do not have the resources to invest in the
operation and maintenance of one-size-fits-all FFEW systems. Context-specific FFEW solutions are therefore necessary
to address these challenges.

Reference:
Asian Development Bank. 2021. Strengthening Integrated Flood Risk Management: Managing Uncertainty in Integrated Flood Risk
Management using Dynamic Adaptive Pathways Planning. Consultant’s Report.

Droughts

The key to reducing drought hazard is to create water supply surplus and redundancy. This can be
achieved with a mix of “green” (nature based) and “gray” (constructed) infrastructure to enhance renewable
water supply and lower demand through reductions in consumption. Supply can be increased through new
storage and /or transfer of water from areas with abundant water (interbasin transfer). At local levels, rainwater
can be harvested and better use can be made of groundwater resources. Managed aquifer recharge can
replenish depleted groundwater resources during wet periods and sustain water availability during droughts
(Box 3.3). Meanwhile, reducing the water demand of agriculture can be achieved by introducing volumetric
water pricing and improved irrigation practices. General demand on water reserves can also be lowered by
water recycling and reuse (e.g., from treated wastewater), by water pricing and providing financial incentives,
and by public awareness and education on water-saving practices. Vulnerability to water stress can be reduced
by implementing drought early warning systems to provide timely alerts and information to water managers,
policymakers, and affected communities, enabling them to better manage scarce water resources and take
proactive mitigation actions. Drought insurance and risk transfer instruments can also help to reduce the
vulnerability of communities faced with water stress.

Water Supply, Sanitation, and Hygiene

Water supply, sanitation, and hygiene (WASH) services need adjustment to cope with increasing
climate stresses. WASH infrastructure supplies drinking water, provides sanitation facilities, and treats
wastewater. Under climate change, the provision of WASH services can be affected by the higher incidence of
floods (physical damage to infrastructure, health risks) and more prolonged droughts (reduced surface water
and groundwater supplies). As a result, there is a need to ensure climate resilience is integrated into WASH
investments (Hallegatte et al. 2019). Protecting infrastructure includes, for example, moving water intake
points away from areas of known flood risk and adapting the design and construction of processing plants to
reduce vulnerability to hazards such as storm surges. Attention may be given to the threats to water quality from
increased rainfall and floods. In addition, improved water supply can prevent transmission of mosquito-borne
diseases expected to increase under climate change by reducing breeding sites from informal water storage,

as illustrated in Box 3.4.



Box 3.3: Increasing Groundwater Availability by Managed Aquifer Recharge in Mongolia

The limited and very seasonal rainfall in Mongolia makes groundwater an important source of water for drinking purposes
and industrial use, particularly in mining. With demands on groundwater increasing, capturing surface river flows to
recharge groundwater aquifers may be a viable water storage and delivery option. To this end, the Asian Development
Bank assisted the Government of Mongolia in developing a managed aquifer recharge (MAR) pilot project to test and
evaluate the applicability of this technology.

This pilot project was conducted in Baganuur and comprised a series of shallow swales (channels) traversing a river known
as the Nariin Stream. The swales are designed to intercept excess river and overland flows resulting from heavy rainfall.

As the wetted area expands, surface water filters down into the subsurface. Infiltration recharge is accelerated through a
series of shallow holes drilled into the swale beds, which are in-filled with gravel and lined with a geotextile filter.

While the MAR pilot successfully demonstrated the potential for sustainable groundwater replenishment in Mongolia,
further monitoring and assessment are required. However, based on an assessment that considered the available
geological and hydrogeological data, surface water resources, and localized user demands—several sites have been
proposed for possible replication of the MAR pilot for domestic and mine water use.

Source: Fan, M. 2023. Managed Aquifer Recharge in Mongolia: Policy Recommendations and Lessons Learned from Pilot Applications.
ADB Briefs. No. 263. Asian Development Bank.

Box 3.4: Reducing Disease Through Climate-Resilient Municipal Services in Nepal

Investments in water supply, sanitation, and hygiene (WASH) can help reduce health risks exacerbated by climate change.
The Sixth Assessment Report of the United Nations Intergovernmental Panel on Climate Change projects that the risk

of vector-borne diseases (e.g., malaria, dengue) will increase if no climate change adaptation measures are taken by
individual economies. Due to increased temperatures and altered weather patterns, more localities will become suitable
breeding grounds for vectors of disease, such as mosquitoes.

Based on a 2023 study supported by the Asian Development Bank, without appropriate action on WASH services,

the number of malaria cases in Nepal could increase by up to 27% over 2011-2040, with the number of dengue cases
predicted to increase by up to 44% over the same period. Over 2041-2070, case numbers could rise by as much as

69% for malaria and 113% for dengue. However, as shown in the figure below, better access to drinking (tap) water and
improved solid waste management at the household level have the potential to reduce disease risks by eliminating informal
water storage that serves as mosquito breeding sites.

Modeled Dengue Cases With and Without Investments in Urban Water Supply
and Solid Waste Management at the Household Level

Reduction of cases from access to tap water Reduction of cases from solid waste management [l Remaining dengue cases

Change in dengue cases (%)
120 _
100 |
80 |
60 |
40 |
20
0

SSP2-4.5 SSP5-8.5 SSP2-4.5 SSP5-8.5
Short term (2011-2040) Medium term (2041-2070)

SSP = shared socioeconomic pathway.
Source: Boelee, E., A. Giardino, and A. Conroy. 2023. Investments in WASH Can Help Nepal Reduce Climate Health Risks.
Development Asia. 16 January.
continued on next page


https://www.adb.org/sites/default/files/publication/917341/adb-brief-263-managed-aquifer-recharge-mongolia.pdf
https://development.asia/insight/investments-wash-can-help-nepal-reduce-climate-health-risks

Box 3.4 continued

The study also showed that Nepal’s investments to reach the Sustainable Development Goals for water and sanitation and
improving waste management can reduce malaria by 17% and dengue by 41% in urban areas. Improving WASH services
can also deliver other health benefits, such as lessening diarrheal disease and increasing good hygiene practices, as well as
helping to build resilience to vector-borne diseases.

Source: Boelee, E., A. Giardino, and A. Conroy. 2023. Investments in WASH Can Help Nepal Reduce Climate Health Risks. Development
Asia. 16 January.

Agriculture has many no-regret opportunities for climate adaptation. Such opportunities can reduce
existing weather- and climate-related impacts and build the sector’s resilience to future effects of climate
change. Agriculture and food systems will also be strongly affected by mitigation (Box 3.5), so efforts to
improve productivity are essential, whether to adapt to pressures of climate change from more warming or
from competition for land, water, and energy under efforts to reduce emissions.

Improved weather and climate information services are early no-regret adaptation options. Weather
and climate variability already cause substantial losses to farmers and agricultural enterprises in Asia and the
Pacific, as shown in Chapter 2. These impacts can be reduced through improved or new weather services, such
as shorter-term forecasts and early warning systems for extreme weather events. Impacts can also be eased

by enhanced climate information services, including seasonal and longer-term forecasting. These services can
be tailored to agriculture or water management (including irrigation) and may deliver substantial economic
benefits by avoiding losses and /or improving yields (Rouillard et al. 2016). There is potential for innovation in
advanced technology in these areas, such as the use of artificial intelligence and real-time earth observation
data for early warning systems (ADB 2023a) as well as innovative financial products, including index-based
crop insurance.

Precision agriculture provides opportunities for climate-smart technologies to enhance resilience.
Precision agriculture involves the use of information and technology to enable site-specific management
practices that optimize responses to climate, weather, and site information. It can help adjust practices to
varying climatic conditions and improve use of scant resources, such as water, so as to address productivity
variations across time and space (Roy and George 2020). As agriculture becomes increasingly mechanized
in Asia and the Pacific, precision agriculture technology can be embedded into new machinery. More
broadly, mechanization and reduced tillage can help reduce the need for human labor in periods when high
temperatures restrict the capacity to work. Integrated pest management can also offer more resilient and
sustainable control of new pests and diseases (Babendrier et al. 2019). Other agronomic practices, such
as agroforestry, intercropping, and cover crops, have potential to improve climate resilience but often need
complementary technologies, such as appropriate machinery, to achieve compatibility with farmer labor and
other constraints, as adoption of these practices has been slow (Stevenson et al. 2019).
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Box 3.5: The Impacts of Emissions Mitigation on Agriculture

Many of the same socioeconomic systems are subject both to the impacts of climate change and to subsequent actions
to mitigate climate change by reducing emissions of greenhouse gases. As a result, these systems need adaptation both to
climate change and the pressures created by emissions mitigation. A primary example is agriculture, which is vulnerable
to increased frequency of extreme climatic events due to climate change. However, achieving goals under the Paris
Agreement on Climate Change is likely to depend on expanding carbon sequestration through forests, which limits the
availability of land for agriculture. In most scenarios of Paris Agreement compatible emissions pathways, bioenergy use
rises, often in combination with carbon capture and storage, and bioenergy production also comes at the expense of land
area available for growing food crops.

In 2023, the Asian Development Bank released a study (ADB 2023) that models a set of scenarios compatible with the
Paris Agreement, then contrasts these scenarios with current policies. This modeling considers both the deployment of
bioenergy and use of expanded forest cover, in addition to other energy-related mitigation options. It finds that the land
area for growing food crops in developing Asia decreases by 36 million hectares by 2050 and 58 million hectares by 2070
in the Paris Agreement compatible scenarios (as indicated in the first figure below). Much of this is driven by expansion of
bioenergy crops, which reach 97 million hectares in the region by 2070. As a result, food prices reach values that are 35%
higher than they would be under current policies by 2065 (as indicated in the second figure below). Agriculture therefore
clearly needs adaptation to emissions mitigation policies, as well as to the impacts of climate change, to avoid adverse food
security outcomes.

Land-Use Patterns Under Current Policies and Under Emissions Scenarios Aligned with the Paris Agreement
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Embodied agricultural innovations, including stress-tolerant varieties, can help address climate shifts
using existing extension systems. Sulser et al. (2021) identify that agricultural research has a key role for
adaptation and related studies provide very positive cost-benefit ratios for investing in research to address
climate change risks (>30:1) (Rosegrant et al. 2023). High-returns research products include stress-tolerant
crop varieties, especially for drought and floods. Increasingly, the private sector is investing in developing
varieties adapted to changing climates (Smyth, Webb, and Phillips 2021). Existing agricultural extension
systems have demonstrated track records of getting farmers to adopt improved varieties, especially for staple
crops (Garbero, Marion, and Brailovskaya 2022). This success is facilitated by the fact that these innovations
are embodied technologies, which are technologies that are packaged in ready-to-use tangible products, such
as seeds that embody genetic innovations from research. These embodied innovations are directly transmitted
as varieties spread via markets that often effectively reach farmers.

Enhanced extension capacity and complementary services are needed to spread knowledge-intensive
adaptation technologies. Many adaptation options in agriculture—beyond improved crop varieties and
machinery—rely on uptake of disembodied knowledge (not packaged in products), such as management and
diversification advice. They thus require transmission of much more information among farmers and have
diffused more slowly from existing extension systems (Stevenson et al. 2019). More iterative and interactive
extension approaches, such as farmer field schools, demand responsive approaches, such as farmer contracted
extension, and gender-sensitive approaches all show promise to improve the adoption of knowledge-intensive
practices (Waddington et al. 2014; Mullen, Gray, and de Meyer 2015; Watkiss and Climato 2016). Incentives,
such as productive asset transfers, are often also needed to overcome barriers (Phadera et al. 2019). Delivering
these innovations will require capacity building, including policy strengthening and the mainstreaming of
climate concerns into agricultural development and planning (Figure 3.5).

Figure 3.5: Climate Change Adaptation Responses and Supporting Actions for Agriculture
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Source: Asian Development Bank construction.




Achieving better water-use efficiency will be critical as areas become more water-stressed. Agriculture
is responsible for 90% of freshwater use in Asia and the Pacific, and the sector relies on some of the world’s
largest river basins, such as the Mekong and the Ganges, to support the livelihoods of hundreds of millions

of people. These systems are already under large stress due to overextraction of water, salinity intrusion, and
pollution, and climate change can act as a stress multiplier. These stresses are often driven by agricultural
activities. As a result, the agriculture sector finds itself in a complex relationship with other water users,
environmental values, conservation efforts, and the provision of ecosystem services. Integration of agricultural
water use within integrated water resources management presents an opportunity to harmonize the use of
water resources with cross-sectoral and environmental priorities. This can be complemented with measures
that increase water productivity (e.g., crop diversification, water-saving irrigation techniques), volumetric
water pricing, and adaptive allocation, especially in regions prone to droughts or water scarcity. Existing
irrigation infrastructure will often need to be upgraded to support these measures, as water flows may need
closer regulation and end uses may need metering. Maintaining and managing this enhanced infrastructure will
often require institutional innovations, as maintenance has been a frequent challenge for irrigation systems.

The resilience of value chains for agriculture and food depends on a wide range of infrastructure.
Climate change will not only affect agricultural production but also a range of systems along the value chain.
Associated infrastructure for crop and food transportation, storage, processing, distribution, and trade will
also face climate risks. In addition, destabilized production under a more volatile climate will lead to greater
need for buffer stocks and storage to stabilize food supply and prices. Warmer temperatures will increase
food spoilage and demand for cold storage (Duchenne-Moutien and Neetoo 2021). There also is emerging
evidence that carbon dioxide fertilization of crops may depress micronutrient concentrations, which means
that expanded biofortification in processing facilities and cold storage of more nutrient-rich foods may be
needed to compensate (Ziska 2022).

Other anthropogenic stresses must be reduced for fisheries to cope with climate change. About one
quarter of animal protein intake in Asia is from fish, with an even higher share in the Pacific. Climate change
will profoundly affect natural fisheries resources, which are already under strong pressure from overextraction,
pollution, and destruction of habitats. While effects of temperature rises and ocean acidification can only be
addressed through climate change mitigation, these other pressures can be reduced to avoid compounding
effects. Overextraction can be addressed by enforcing restrictions on fish-catch levels and on damaging fishing
practices. Pollution can be addressed through better land-use planning, waste management, and enforcement
of effluent standards. Habitats can be preserved through expansion and protection of high conservation value
sites. As climate change will shift the distribution and population cycles of fish species, regulation will need to
become more adaptive. Pressure on natural fisheries can also be reduced through expansion of aquaculture,
although measures are needed to ensure that aquaculture is sustainable and does not introduce new pressures,
such as introduction of exotic species. Many of these measures depend, in turn, on strengthened capacity for
planning, regulation, and enforcement (Shelton 2014).

Escalating energy demand for cooling systems can be anticipated. As highlighted in Chapter 2 of this
report, climate change will be a major driver of energy demand in Asia and the Pacific, increasing demand for
cooling among residences and businesses, with high economic costs. Without action, this response to rising
temperatures will drive potentially substantial increases in greenhouse gas emissions. Planned adaptation
measures can address these effects by, for example, increasing end-use efficiency (to best available levels,
which might moderate annual electricity consumption increases by 40%) and incentivizing behavioral changes
in cooling (with a mix of ventilation, fans, and air-conditioning), which can significantly reduce electricity use
(Colelli, Wing, and Cian 2023). There are also opportunities to reduce the use of air-conditioning through
passive cooling embedded in building designs (and building codes) as well as through green infrastructure
options and options around urban planning and zoning.



There is potential to build climate resilience into energy supply. The Asia and Pacific region is receiving
some of the largest flows of investment into energy supply, with an increasing share of this investment

being in green and renewable energy. However, this new infrastructure is vulnerable to climate change,
especially given its long lifetime, and it is important to address these climate risks during design, a concept
known as “climate-proofing”. Doing so involves low additional costs and is highly cost-effective, generating
benefits four times greater than the costs (Hallegatte, Rentschler, and Rozenberg 2019). However, effective
climate- proofing often requires enabling actions by government, including changes to design standards.

Social assistance and social protection will need to be scaled up to protect the most vulnerable. Existing
social assistance and protection programs include a range of interventions, such as cash transfers and public
works. While these programs—and the people they seek to protect—will be affected by climate change, they also
provide an opportunity to deliver support to the most vulnerable people in advance of extreme events and to help
these people deal with the impacts of climate-related shocks. Social assistance and social protection programs
have high economic cost-benefit ratios, up to 6:1 (Venton and Coulter 2013; Bangalore et al. 2016), but they
need adjustment to respond to changing extremes and shocks. As women will be disproportionately affected by
climate change, many social protection measures should be targeted to female beneficiaries.

Adaptive social protection systems can improve resilience to climate change. Social protection systems
can include additional elements to integrate adaptive and event-responsive features. This includes targeting
beneficiaries at risk, adaptive features to enable horizontal expansion (including additional beneficiaries) and
vertical expansion (higher benefit amounts), and event-responsive contingency funds linked to early warning
systems. The latter option can, for example, provide cash transfers to vulnerable communities in advance

of a forecast climate-related hazard, such as a drought. Such initiatives are projected to have high economic
benefits (DFID 2015), especially in highly vulnerable areas. Adaptive social protection also includes support
to build shock-responsive systems, plans, and partnerships in localities that have high vulnerability, improving
preparedness and allowing these systems to be scaled up after a large climate-related shock occurs. Social
protection programs can also integrate measures to promote climate-resilient jobs and livelihood options along
with skills in adaptation-related industries.

Many health impacts from climate change can be avoided in the short term. This can largely be achieved
through increased deployment of preventative measures, with several reviews identifying a wealth of health
adaptation options (Berrang-Ford et al. 2021; Scheelbeek et al. 2021). For existing health burdens that may
be exacerbated by climate change (such as water- and food-borne disease, malaria), there are cost-effective
prevention measures, as identified in the Disease Control Priorities (DCP3 n.d.). These measures can include
more action to address increasing health burdens, such as climate-related water- and food-borne disease,
especially among infants (Horton 2017) or cost-effective preventative measures for malaria (Ralaidovy et al.
2021). However, there will also be a need to consider how climate change is changing the geographic onus of
health risks, with the potential need to transfer existing actions to new locations and to scale up or expand the
reach of pilot programs such as health-related early warning systems.

Climate change will also increase the prevalence and range of new diseases. Climate change will lead to
new disease burdens, including new and emerging climate-related vector-borne diseases (e.g., chikungunya,
dengue). In response, the G20 High Level Independent Panel (G20 HLIP 2020) calls for more robust disease
surveillance and detection networks, coupled with coordinated regional action and information sharing.

This will require a major expansion of surveillance networks and the development of expertise at the global,
regional, and national levels (since enhanced surveillance is a global and regional public good). This improved
surveillance can be complemented by more-effective national early responses to disease outbreaks and by
cost-effective preventative measures (Brady et al. 2020).



Addressing heat-related mortality in Asia and the Pacific requires a multifaceted approach. There are
early adaptation options, based around heat-alert schemes and supportive health sector responses, which can
be scaled up cost-effectively to address heat-related mortality (Ebi et al. 2004; Hunt et al. 2016). However,
even with these options in place, additional actions will be needed, especially to assist the groups in society
that are most at risk, including women. Addressing heat-related mortality also has important cross-linkages

to the challenge of providing sustainable cooling systems through adaptive building design, nature-based
solutions, and urban planning.

Adapting to the impacts of heat will be critical for maintaining labor productivity. Adaptation responses
to the effects of increased heat will range from measures to offset reductions in labor output (e.g., changes

in working practices, moving activities to different times of day) through to the protection of workers from
heat stress by initiating heat awareness campaigns, implementing heat and health alerts, investing in cooling,
and introducing new occupational health legislation, as illustrated by heat stress legislation in Singapore
(MOM 2024). As women are at particular risk from heat stress, gender-sensitive approaches will be needed.
Heat health plans are a first step to help coordinate responses.

Health systems and health services can broadly embed adaptation considerations. The World Health
Organization (WHO 2015) recommends moving beyond individual health burdens to a more systematic
approach that integrates climate adaptation into health programs and delivery, emergency preparedness and
health information systems, health-related supply chains, and infrastructure such as hospitals and health
facilities (including through retrofits and building new infrastructure).

Planned adaptation is needed to support ecosystems and natural capital to adapt. This goes beyond
deploying nature-based solutions for direct protection of human systems. Biodiversity and natural habitats
(natural capital) provide key ecosystem services across Asia and the Pacific, but they will also need support to
adapt to climate change, especially in the context of potentially irreversible impacts. This support involves actions
that directly target protected and valuable areas with planned adaptation. It can include habitat conservation,
rehabilitation, and restoration; more refugia (protective habitat for vulnerable and endangered species);
enhanced connectivity, including through wildlife corridors; and even translocation. Such actions link to the
global goal to halt and reverse nature loss by 2030 agreed at the 2022 United Nations Biodiversity Conference.

International trade and trade policy can be important in facilitating climate adaptation. International
trade can help build resilience to climate-related shocks, improve food security, and provide access to
technologies for climate adaptation. Trade is also likely to be strongly affected by climate change, with climate
change impacting upon comparative advantages through productivity losses and supply shortages and
increasing trade costs due to trade disruptions.

Trade is important in enabling access to adaptation technologies. Green technologies accounted for around
13% of all inventions (measured using patent data) over 2000-2022, with adaptation technologies accounting
for around 10% of those green technologies (ADB 2024). Most green adaptation technologies are found in
agriculture (33%), health (26%), water (16%), and infrastructure (14%). More than 90% of green technologies are
invented in just five countries—the People’s Republic of China (PRC), Germany, Japan, the Republic of Korea,
and the United States—a concentration that is somewhat higher than for all technologies. Trade and global value



chains therefore play an important role in the diffusion of adaptation technologies. Indeed, a strong association

is found between countries trading bilaterally (in both traditional and value chain trade) and countries sharing
patent protection for adaptation technologies, i.e., relationships between inventing countries and the countries in
which inventors expect their inventions to be used.

Climate adaptation can be more explicitly integrated into trade policy. The importance of trade for
climate adaptation has been reflected in the increased attention given to adaptation in plurilateral and
multilateral trade policy developments. Since 2015, there has been an increase in the number of regional
trade agreements that include provisions related to disasters triggered by natural hazards, including particular
provisions relating to increased cooperation, exemptions, disaster management, the compensation of losses,
and emergency trade facilitation (WTO 2022). There has also been an increase in the number of trade-related
measures on adaptation notified to the World Trade Organization. These tend to be limited to certain sectors
(agriculture, energy, forestry, manufacturing, and services) and include both support measures (e.g., grants
and direct payments, nonmonetary support, loans, and financing) and other measures (e.g., technical
regulations). Aid for trade disbursements for climate adaptation have also increased since 2015.

Poorly defined markets and property rights impede adaptive responses. Land markets, especially

those for agricultural land, are subject to many distortions in Asia and the Pacific. Land tenure may be
undocumented, incomplete, or tied to specific forms of land use. Other land is common property or subject to
competing tenure claims. This impedes the ability of households and other market actors to respond to climate
stresses by shifting land usage patterns, consolidating cultivated lands to enable mechanization, or pursuing
alternative livelihoods. Similarly, many fisheries are effectively common resources for which management rules
essential to climate resilience are difficult to enforce. Reforms to improve and create incentives for stewardship
can enhance resilience.

Some policies obscure climate signals, which reduces autonomous adaptation. Markets often need reform
to transmit or enable adaptive responses to climate change. For example, if water is scarce, high prices for

water consumption encourage more-efficient use. Similarly, if hydropower storage is low, high electricity prices
encourage more-efficient use. However, governments often interfere with or do not enable this transmission.
For example, water is not charged based on usage and electricity prices are subsidized when production prices
spike. Reforming these prices to transmit climate signals can increase autonomous adaptation.

Other policies can inadvertently encourage maladaptation. For example, many governments set
minimum support prices for crops, which encourage production of crops that are climate-vulnerable,
water-consumptive, or from which farmers would otherwise diversify. As another example, excessive disaster
relief can cause households to insufficiently consider climate risks in housing and investment decisions.
Similarly, expectations of flood or coastal protection infrastructure can create adverse anticipation effects in
which those risks are insufficiently considered.

Innovative insurance products are needed to complement adaptation measures. Insurance has an
important role in risk transfer (Mechler 2016), a form of climate adaptation, and has a key role in managing the
residual risk of extremes. This can include mechanisms ranging from household insurance right up to national
(sovereign) risk-pooling facilities (CCRIF 2010). However, with increasing extreme weather events, climate
change will create issues around the affordability and/or coverage of such events. Moreover, traditional forms
of insurance are not available to cover the slow-onset impacts of climate change. This calls for innovative
approaches, with a range of new insurance instruments (Lloyds 2018), such as insurance-linked loan packages.



Improved human capital has a key role in adaptation. Education has a key role in delivering climate
adaptation. In general terms, education enhances resilience, in that more educated people have better
understanding and management of risks (Raghupathi and Raghupathi 2020). More educated individuals also
tend to have more livelihood opportunities, which enhances their resilience. They also are more likely to adopt
innovations that help to reduce vulnerability. At the same time, the poorest and most climate-vulnerable
countries tend to have the poorest-performing educational systems (OECD 2023a). Making education more
effective is a key way to help enable climate adaptation and household resilience. Education can also enable
adaptation directly by embedding climate change awareness and responses in curriculum materials from primary
to tertiary level. Education can also build skills and capacity for employment in adaptation goods and services.

Greater access to finance can help improve coping ability and resilience. Savings, remittances, and access
to finance can help households and businesses cope with climate-related shocks and adapt to climate change
(Bangalore et al. 2016). They can help to smooth consumption when shocks arise or to help in recovery.
Financial services, such as credit, can help households and businesses invest in adaptation measures and

other opportunities to counter climate change. Financial inclusion is therefore vital in this process. Policies

to improve financial inclusion include strengthening financial systems; enhancing financial infrastructure
(including digital and mobile banking, which can allow faster payments and provide rapid access to remittances
when shocks arise); and creating the enabling conditions for the private sector to offer new or combined
financial instruments for resilience enhancing investments.

An increasing number of international processes target adaptation. The United Nations Framework
Convention on Climate Change (UNFCCC) has developed workstreams and processes to support governments
in identifying their country-level adaptation needs through National Adaptation Plans (NAPs). These plans
identify both medium- and long-term adaptation needs and identify strategies and programs to address those
needs (UNCC n.d.). The Global Goal on Adaptation was established under the Paris Agreement and, in 2023,
Parties to the agreement adopted the UAE Framework for Global Climate Resilience, which includes a range

of climate adaptation targets. A work program has since been established to develop indicators for measuring
progress toward the targets outlined in the framework.

All Parties in Asia and the Pacific have communicated adaptation priorities to the UNFCCC, and many
have identified financing needs. These priorities have been submitted in national reports to the UNFCCC,
either in their NAPs, their nationally determined contributions (NDCs), or their National Communications on
Climate Change (NCCCs). Many economies have also costed these priorities and estimated their adaptation
financing needs. Of ADB’s 41 DMCs, 31 have developed NAPs or have NAPs under development. Of the

10 DMCs without explicit NAPs, seven have published either a national adaptation plan of action or a joint
national plan of action. The key difference between a “national plan of action” and a full NAP lies in the focus
and time frame: the former addresses short-term adaptation needs and priorities, while the latter adopts a
more comprehensive medium- and long-term perspective on national adaptation requirements.


https://link.springer.com/article/10.1186/s13690-020-00402-5

Adaptation plans reveal a range of sector priorities. Figure 3.6 outlines an analysis of climate adaptation
priorities for ADB’s DMCs, based on a review of submitted NAPs, NDCs, and NCCCs in line with UNFCCC
categories of adaptation. In this context, the top four adaptation priorities are agriculture, food production and
nutrition security, terrestrial and wetland ecosystems, and water resources—all of which appear in over 75% of all
submissions. A majority of DMCs also include adaptation priorities around human health (73%), biodiversity and
ecosystems (73%), coastal and low-lying areas (66%), disaster risk management (61%), forests (59%), and ocean
ecosystems (54%). However, while this indicates general priorities, it is important to note that national reports
differ in their level of detail and plans differ in terms of their adaptation ambitions, socioeconomic circumstances,
consideration of future climate scenarios, methods employed to identify and prioritize adaptation options,
sectoral coverage, and implementation time frames (UNFCCC 2022).

Figure 3.6: Climate Adaptation Priorities for ADB Developing Member Countries
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Systematic prioritization could be improved by wider use of economic analysis. Many national adaptation
documents involve long lists of stand-alone adaptation priorities, with associated financial needs that are large.
More recently, countries have started to integrate adaptation priorities into national and sector development
planning processes, linking climate adaptation with national developmental goals. However, while several
DMCs have reported financial costs in their NAPs, NDCs, and NCCCs (Orgen and Abdulla 2024), almost
none of them identify the quantified benefits of adaptation (UNFCCC 2022). Moreover, not all DMCs
quantify adaptation investment needs on a sectoral basis, which suggests that the costs of specific options in
each sector are not always assessed systematically.



Accelerating Climate C

Countries can make use of more policy instruments to scale up adaptation. An analysis of policy
instruments employed by ADB’s DMCs to support adaptation has been compiled for this report, based on the
Climate-Laws database as of May 2024 . As shown in Figure 3.7, of ADB’s 41 DMCs, 33 had implemented
policy actions under disclosure obligations and standards that can help raise awareness and action on risks.
Almost all the DMCs assessed (40 of 41) had issued or disclosed national policy statements and strategy
documents highlighting efforts toward international cooperation, resilience targets, long-term plans, and
financing NAPs. These efforts primarily fall under national planning strategies and are increasingly linked to
national development plans. Close to half the DMCs (19 of 41) had provided economic subsidies, while 22 had
offered direct provisions for climate funding and investments to support adaptation efforts, and 16 had offered
tax incentives. Examples of subsidized activities include solar irrigation pumps in drought-prone areas of India
and water management, embankment improvements, and cyclonic preparedness measures in Bangladesh.

As an example of tax incentives, the PRC offers tax rebates for enterprises involved in water conservation and
management, particularly in water-stressed localities, to promote sustainable water use. Five DMCs had used
carbon pricing policies to reallocate public revenue toward adaptation. The great diversity of policy instruments
applied across DMCs —combined with the fact that no instruments are used in most of these DMCs—
indicates that there are many instruments still available to strengthen adaptation.

Figure 3.7: Key Adaptation Policy Instruments Across Asia and the Pacific
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Box 3.6: Digital Technologies to Contribute to Climate Adaptation

Digital technologies can be powerful tools that can enhance climate adaptation efforts across the Asia and Pacific region.
In order to effectively adapt to climate change and allow policymakers to make timely and informed decisions, countries
of the region must be able to identify, measure, and manage the risks arising from climate impacts. This process can

be supported by digital measurement, reporting, and verification systems, which can be highly effective at defining,
quantifying, and monitoring climate risks. To this end, a number of breakthrough and enabling technologies have the
potential to amplify adaptation and resilience efforts across Asia and the Pacific.

Countries may leverage artificial intelligence to improve weather forecasting. For example, ocean surface temperatures
can now be measured and integrated into models to enhance the understanding and near-term prediction of ocean
speeds and currents.

Meanwhile, geospatial and aerial systems are increasingly being used to detect anomalies and support early warning
information for climate-related emergencies. India, for example, has deployed multihazard early warning and “dewarning”
systems. Sensor technologies can be deployed to collect data on wind speed, air pressure, rainfall, and water levels, and to
communicate with Internet of Things technologies to report on potential storm surges and/or rapidly rising water levels.
Such technologies can help predict potential flooding in time for remedial action to be taken.

Digital technologies also can help governments improve the efficiency and effectiveness of existing policies and programs.
For example, the use of satellite imagery, some of which is freely available to all economies in Asia and the Pacific, can
help substantially reduce the costs involved in monitoring and scheduling irrigation. Digital payment systems can enable
access to funds in times of shocks and can facilitate adaptive social protection programs and relief efforts. Smart metering
for power and water connections can enable pricing based on scarcity that encourages efficient use when demand is high
relative to supply during heatwaves or droughts. It can also enable feedback to consumers on how to improve efficiency.

Sources: Orgen, P.and S. Abdulla. 2024. Building Resilience: Adaptation Investment Needs in the Asia-Pacific Region. Background
paper for the Asia—Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank; and Technology Needs
Assessment. TNA Database (accessed 1 May 2024).

Progress has been made on scaling up financial resources for climate adaptation, but financing remains
inadequate. In 2009, at the 15th Conference of the Parties to the UNFCCC (COP15 in Copenhagen),
developed economies committed to a collective goal of mobilizing $100 billion in public and private finance
per year by 2020 for climate action (mitigation and adaptation) in developing countries. Progress toward

this goal has been tracked by the OECD. While the goal was not met by 2020, it was achieved in 2022 when
developed countries provided and mobilized a total of $116 billion in climate finance for developing countries
(OECD 2024). The majority (80%) of this finance was public climate finance (bilateral and multilateral) and
most of it (65%) was mobilized for mitigation. Global international adaptation finance was $32 billion in 2022.
In November 2021, at COP26 in Glasgow, a decision was taken to urge developed countries to at least double
(from 2019 levels) their collective provision of adaptation finance to developing countries by 2025. This would
increase adaptation finance flows to developing countries to approximately $40 billion per year. At COP28 in
Dubai, agreement was also reached to create a new loss and damage fund to assist countries impacted by climate
change.

The new collective goal for climate finance is crucial for vulnerable countries in Asia and the Pacific.
At COP21 in Paris, it was decided to establish, before the end of 2024, a New Collective Quantified Goal

for climate finance. This new target has a floor of $100 billion per year and must account for the needs and
priorities of developing economies. With formal deliberations ongoing as of September 2024, the new goal
will be especially important for the Asia and Pacific region—particularly the small island developing states,
low-income economies, and least-developed countries in the region, due to their high vulnerability and higher
relative needs for climate adaptation financing.


https://tech-action.unepccc.org/tna-database/

Investment needs have been generated by sectoral models and expressed by many countries.
Quantifying the amount of finance needed for adaptation in developing countries is challenging. One method,
as used in the Adaptation Gap Report (UNEP 2023) is to use sectoral models. These models first assess the
potential impacts of climate change and then specify the adaptation measures (and their associated costs)
needed to reduce those impacts to acceptable levels. An alternative approach is to use the adaptation priorities
and their associated financing needs as submitted in NDCs and NAPs. It should be noted here that, in general
terms, use of the first method mostly (but not always) generates lower values relative to the second method.
Neither method can be considered superior to the other. The international modeling approach has consistency
across countries and a transparent basis, but it is restricted to a limited set of considered options. National
needs vary in quantification methods, assumptions and rigor across countries, but may include options and
specificities that international modeling misses.

The adaptation finance needed for Asia and the Pacific, based on modeling, is $102 billion per year.

An indicative analysis of climate adaptation finance needed in the Asia and Pacific region, based on sector
modeling (UNEP 2023), reveals a central value of $102 billion per year through to 2030 (Figures 3.3 and 3.8).
The majority of costs are in the PRC and India. These modeled costs are based on the additional adaptation
action needed to address modeled climate impacts. The largest total modeled costs are for the subregion of
East Asia, predominantly due to adaptation needs in the PRC. However, in terms of modeled costs per capita,
the highest values are for the small island developing states in the Pacific (Figure 3.9). These economies are
characterized by geographic isolation and relatively small populations, with high exposure to climate change,
low adaptive capacities, and high transportation costs for energy and materials used in adaptation investments.

Figure 3.8: Stated and Modeled Annual Adaptation Finance Needs for 2023-2030, Total
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2023: Underfinanced. Underprepared. Inadequate Investment and Planning on Climate Adaptation Leaves World Exposed. Stated needs are from
Markandya, A., P. Orgen, and S. Abdulla. 2024. Adaptation Responses to Date in the Asia-Pacific Region. Background paper for the Asia-Pacific
Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.
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An updated analysis of stated adaptation finance needs indicates a requirement for $431 billion

per year to 2030. Based on submitted NDCs, NAPs, adaptation communications, and NCCCs, stated
adaptation finance needs provide valuable insights and are an important source of evidence for estimating
global adaptation finance needs and, in turn, calculating the adaptation finance gap. East Asia reports the
highest subregional needs, predominantly due to the PRC. Beyond this, on a per capita level, many needs are
of a similar magnitude across subregions (Figure 3.9). However, as above, is important to note that the cost
information provided in these national reports is inconsistent with respect to scope and scenario, and that the
methods employed to prioritize and cost adaptation options vary (UNFCCC Adaptation Committee 2022).
Stated needs may be higher than modeled needs for various reasons, including assumption of greater future
warming than in the modeled scenarios, inclusion of sectors that were not modeled or broader consideration
of needs in the sectors, incorporation of blended development and climate adaptation needs, or differences in
methods.

Figure 3.9: Stated and Modeled Annual Adaptation Finance Needs for 2023-2030, per Capita
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Notes: References for stated climate adaptation needs are, in order of priority, (i) National Adaptation Plans, (ii) nationally determined contributions,
(iii) National Communications on Climate Change, (iv) adaptation communications, and (v) average per capita values per income class for countries
that have not expressed adaptation needs, following the methodology described in the United Nations Environment Programme’s Adaptation Gap
Report 2023. Central Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Tajikistan, Turkmenistan, and Uzbekistan.

East Asia includes the People’s Republic of China and Mongolia. The Pacific comprises the Cook Islands, the Federated States of Micronesia, Fiji,
Kiribati, the Marshall Islands, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga, Tuvalu, and Vanuatu. South Asia comprises
Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka. Southeast Asia comprises Cambodia, Indonesia, the Lao People’s
Democratic Republic, Malaysia, Myanmar, the Philippines, Thailand, Timor-Leste, and Viet Nam.

Sources: Modeled needs are from United Nations Environment Programme. 2023. Adaptation Gap Report 2023: Underfinanced. Underprepared.
Inadequate Investment and Planning on Climate Adaptation Leaves World Exposed. Stated needs are from Markandya, A., P. Orgen, and S. Abdulla.
2024. Adaptation Responses to Date in the Asia-Pacific Region. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and
Policy Solutions. Asian Development Bank.

Regardless of method for estimating needs, the gap between adaptation needs and finance flows is
enormous for the Asia and Pacific region. Total tracked adaptation commitments for the region amounted
to $34 billion annually in 2021-2022, of which $24 billion was domestic expenditure that was primarily in the
PRC (GCA and CPI 2024). This compares to estimated needs in the range of $102 billion-$431 billion per
year. It is likely that there are additional untracked financial commitments to climate adaptation. Nonetheless,
even if they could be included, the adaptation finance gap for Asia and the Pacific would likely remain in the
hundreds of billions of dollars annually, based on financing needs stated in the region’s UNFCCC submissions,
or many tens of billions based on modeled needs. International adaptation finance flows to Asia and the Pacific
were approximately $11 billion in 2021-2022.
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International finance can be accelerated, but it will not solve the financing gap alone. Global international
climate adaptation finance has grown threefold from 2016 to 2022, as international financial institutions and
donor countries have increasingly targeted providing adaptation finance. While international adaptation finance
can continue to grow rapidly, feasible levels of growth from $11 billion of finance in 2021-2022 will not soon
attain a large share of the financing needs of $102 billion or more annually for the Asia and Pacific region.
Moreover, existing financing flows tend to be more conditioned by country capacity to prepare and implement
projects for finance than the climate vulnerability of the recipient country (Jones et al. 2024). To help this
financing flow to the countries most in need, special assistance is needed to help vulnerable countries to build
adaptation project planning and implementation processes, including disbursement capacity.

Private investment accounts for less than 1% of adaptation finance flows to developing Asia and the
Pacific, as adaptation is in some ways harder to finance than mitigation. The low level of adaptation
finance flows relative to mitigation (e.g., 31% versus 65% of international public climate finance flows in 2022)
partly reflects the fact that climate adaptation measures face special financing challenges. While, intuitively,
mitigation may seem more challenging, as it produces global public goods rather than the local benefits of
adaptation, the actions involved are more amenable to financing. Mitigation is primarily technical in nature,
often involving large investments in renewable energy that can be made attractive through regulations,
subsidies, blended finance, and other fiscal policies, with returns that are only subject to more technological
and policy uncertainties than conventional investments. Adaptation involves many more uncertainties around
global climate policy, climate science, and socioeconomic development. As it is intertwined with development,
climate adaptation is more difficult to label, track, and package to investors, and the benefits generated are
often not “green” either. Furthermore, adaptation often has “public good” characteristics and is typically
delivered by the public sector (e.g., flood protection) or is in nonmarket sectors. It often requires much greater
focus on process and soft measures and, where technology is involved, it is more site- and context-specific,

so there are challenges in replicability and capacity to scale up. Perhaps the greatest challenge is that many
adaptation measures do not create revenue streams or deliver cost savings, making it difficult to repay finance
or attract private investors. As a result, most adaptation finance is funded or financed by the public sector,
domestically or internationally. Indeed, Orgen and Abdulla (2024) identify that private adaptation finance
accounted for less than 1% of extended finance in the Asia and Pacific region between 2011 and 2021.

To date, adaptation has mostly been financed using grants and loans, but there are opportunities

for innovative financial instruments to attract private capital. The pool of financial instruments can be
expanded to “de-risk” private sector climate adaptation investments. Governments and international financial
institutions are strategically positioned to employ catalytic instruments, such as blending private and/or public
finance (e.g., resilience bonds, debt-for-nature swaps) to fund adaptation priorities and reduce upfront capital
and life-cycle operations and lower maintenance costs. Catalytic investments can provide capital that is patient,
risk-tolerant, concessionary, and flexible, differing from conventional investments by de-risking and mobilizing
additional investment from mainstream investors. Risk guarantees can cover repayment obligations under certain
conditions or provide the economic incentives needed to attract private capital. These guarantees may support
hybrid ordinary-concessional funding frameworks and develop bankable products for the private sector. Financial
disclosure requirements regarding climate risks can also create incentives to ensure that private investment does
not exacerbate risks and lead to climate resilience.



Public-private partnerships offer another mode for adaptation provision. These financing arrangements
enable the private sector to support the provision of public goods. Public-private partnerships leverage the
strengths of both the public sector (e.g., accountability, stability) and the private sector (e.g., innovation,
efficiency, competition) to provide a balanced and more attractive investment environment (House 2016).
While the public sector’s participation may help lower initial and life-cycle investment costs (e.g., through
minimum revenue guarantees and managerial flexibility), the private sector typically assumes the risks
associated with construction, operation, and financing under long-term contracts.

Domestic finance will be important. While international negotiations place the onus on developed countries
to provide adaptation funding, governments and development partners will likely need to mobilize domestic
public and private resources to adequately and sustainably fund climate adaptation goals (UNEP 2023). These
moves could include reforming tax expenditures to free fiscal space in country budgets to pursue adaptation.
They may also involve removing or reducing inefficient fiscal expenditures, such as fossil fuel subsidies, to

align tax expenditures with adaptation goals. Governments might also elect to develop national strategies

for engaging the private sector, including a greater focus on country investment platforms that focus on
adaptation as well as revenue recycling of carbon market revenues to support adaptation finance. It is clear that
many developing countries are already financing adaptation (UNFCCC 2022), as identified in Climate Budget
Tagging and Climate Public Expenditure and Institutional Review studies, though the estimates in these studies
are indicative. Further improvement of these processes and estimates could be an incentive to develop new
revenue-raising approaches for adaptation.

Innovative revenue-generating mechanisms could help to finance climate adaptation. Innovative
revenue-generating mechanisms could include increasing adaptation finance quotas from carbon pricing
mechanisms and establishing premium credits specifically for voluntary carbon projects that incorporate
climate adaptation and resilience components. Such mechanisms can help attract private sector investment
and provide more sustainable funding sources for adaptation projects.

Adaptation investment planning can help develop bankable pipelines of adaptation investments.
For many developing countries, implementation strategies for their NAPs lack sufficient detail on financial
mobilization arrangements, implementation costs, and how plans will be implemented (Orgen and Abdulla
2024). As aresult, there is a need to move beyond normative plans and develop more bankable pipelines of
climate adaptation. One way of addressing this is through adaptation investment planning—which seeks to
fill the informational gap between NAPs and the detail needed for bankable adaptation investments—at the
strategic rather than project level (ADB 2023c¢). Effective adaptation investment planning involves a greater
degree of economic analysis and financial assessment, with more focus on how to develop public, private,
and blended finance solutions, as well as considering the needs of different market participants in financing
adaptation (i.e., what the private sector can do and enabling conditions needed).



3.4 Policy Recommendations
to Enhance Adaptation Outcomes

There is no avoiding the impacts of climate change, so stronger policy responses are needed to
minimize loss and damage. As shown in Chapter 2 of this report, climate change poses a substantial risk to
development in the Asia and Pacific region, which has not yet met commensurate responses. While countries
have made progress in identifying adaptation priorities and needs, relevant implementation has moved

more slowly. Actions are needed in a wide range of sectors, ranging from water, to agriculture, energy, social
protection, education, and health. All of these actions depend on better assessing and communicating climate
risk, more systematic planning of adaptation investments, and mobilizing additional finance.

3.4.1 Better Assessing and Communicating Climate Risk

Appropriate adaptation requires continuous reassessment of potential climate change impacts. More
proactive and anticipatory government approaches to climate adaptation must be fluid because of the high
uncertainty around future climate change. Climate models are continually improving and the understanding of
impacts is evolving, so there is a need for policymakers to continually revisit and improve predictions with new
science, including via updated climate models, downscaling models, sector models, and economic models.
This requires strengthened capacity to develop and interpret a range of projections.

Decision processes can regularly reflect risk appraisal. A standardized approach to assess, communicate,
and disclose climate risk information is critical for guiding decision-making across all sectors and levels of
government. Capacity of national and local institutions can be strengthened for data collection to improve the
accuracy of localized climate projections, information on exposure of assets, and population and information
on localized factors contributing to socioeconomic vulnerabilities. In turn, this can enable improved
multihazard risk assessments.

Climate risk communication can be improved. More decisions can be informed by assessing, communicating,
and disclosing climate risk information in a format that can be used by different sector agencies, subnational
governments, private sector entities, and local communities. As discussed in Chapter 4 of this report, climate
risk disclosures can be required as part of wider financial disclosure processes to incentivize the private sector to
internalize risks and align financial flows with adaptation needs.

3.4.2 Planning, Prioritizing, and Appraising Adaptation Investments
More Systematically

Adaptation can be integrated into national development and expenditure planning to help catalyze
climate-resilient development. Such integration can include medium-term plans, investment strategies,

and medium-term expenditure frameworks (OECD 2015). This requires a more programmatic and strategic
approach to adaptation, rather than implementation as stand-alone projects. These national and sector
planning processes provide a key entry point for climate adaptation at scale, linking adaptation to development
objectives and key performance indicators in line ministries, leveraging development budgets, and shifting
national programming along more climate-resilient pathways. In turn, this requires the involvement of relevant
finance, economics, and planning ministries (Watkiss and Cimato 2016; WRI 2018).




Adaptation actions can be mainstreamed across policy and operational levels and aligned with key
performance indicators of different sectors. To ensure adaptation outcomes, climate risk and adaptation
considerations should be appropriately reflected in national and local development plans and sectoral
strategies. This can be accomplished by establishing clear, science-based criteria to prioritize and sequence
adaptation projects, focusing on assessment of climate risks (section 3.4.1), cost-effectiveness, and
co-benefits. This can involve utilizing multi-criteria decision analysis and other economic tools to evaluate
climate adaptation options and ensuring that both immediate and long-term impacts are assessed. In addition,
adaptation considerations can be mainstreamed into economic analysis requirements applied by economic
planning ministries to discern if additional measures are needed for a range of investments.

Markets can be made to work better for climate adaptation. Certain policies, such as subsidized water
prices, obscure climate signals while others, such as distortions to land markets, impede autonomous
adaptation responses. Policies can be systematically assessed and reformed to ensure that climate risk is more
effectively transmitted into market prices and that individuals are not impeded from appropriately responding
to changes in risk.

Institutional capacity can be strengthened to enable effective adaptation policy. Given that climate
change affects all sectors, effective policy often depends on strengthening institutional frameworks to support
cross-sectoral coordination and collaboration in adaptation planning and implementation. Adaptation
interventions involve substantial uncertainty, both around the climate risks to be addressed, and the
effectiveness of solutions. In this context, developing robust monitoring, evaluation, and learning mechanisms
to track the effectiveness of climate adaptation investments, adjusting plans dynamically, and promoting
accountability, are essential actions to ensure effectiveness.

Financing remains a key barrier to enabling effective climate adaptation. The estimated adaptation funds
needed in Asia and the Pacific to reduce projected climate impacts are many times higher than the current flows
of public finance. Given the scale of needs, even if international public finance rises rapidly, other sources of
finance will still be needed, including from domestic public and private sector finance, although the opportunity
for these will vary by economy (UNEP 2023). A range of adaptation needs—including infrastructure, capacity
building, institutional strengthening, and governance—depend on mobilizing this new investment.

Concessional finance can be enhanced. One solution is to expand programmatic access to climate finance
through multilateral climate funds, while building capacity in vulnerable countries to propose projects and
streamlining national procedures to ensure efficient fund disbursement. However, these measures will still
only address a tiny share of needs. Given its scarcity, the limited concessional finance available needs to
deliver maximum impact, whether this lies in producing the greatest catalytic effect for key public investment
(especially in climate adaptation measures that are difficult to finance) or in leveraging private sector flows.

Financing can be diversified. More broadly, blended finance models can combine public, private, and
philanthropic capital to increase the scale and reach of climate adaptation investments. New financial
instruments, such as resilience bonds and disaster risk insurance, can reduce risk and manage residual risk,
thereby protecting assets and vulnerable communities. Domestic resource mobilization can be strengthened,
as appropriate adaptation has high cost-benefit ratios. Different funding sources for adaptation, including
taxation and fees, can be utilized to minimize fiscal impacts.
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Chapter 4

Scaling Up Private
Climate Capital for
Mitigation and Adaptation



4.1 Shortfalls in Climate Finance
for Asia and the Pacific

Amid urgent efforts to combat climate change, a substantial financing gap still exists. Climate finance
has been growing over time, but it has not kept pace with the rapidly rising financing needed to fight climate
change. The Climate Policy Initiative has estimated that annual global climate finance must increase from
$8.1 trillion in 2023 to $9.0 trillion by 2030 and should exceed $10.0 trillion annually during 2031-2050
(Buchner et al. 2023). In Asia and the Pacific alone, an estimated $2.0 trillion is needed annually during
2022-2030 to meet targets outlined under nationally determined contributions (NDCs) (ADB 2023a).1
This estimate is well above the average annual amount of $1.3 trillion mobilized globally during 2021-2022
(Buchner et al. 2023).

The private sector needs to play a more prominent role in climate investment. To address this financing
gap, Asia and the Pacific can benefit significantly from mobilizing private capital. Estimates show that the
private sector accounted for 32% of total climate finance in the region during 2018-2019. However, given the
strain on public resources and the competing priorities of governments, the private sector’s share in climate
finance needs to rise up to 90% by 2030 (IMF 2023).

A more enabling environment is needed to attract private capital and build investor confidence.
Transitioning toward low-carbon and climate-resilient development requires significant and sustained changes
across the regional economy. In terms of financing, the growing sustainable finance market and the private
sector’s rising awareness of associated risks and opportunities need to be leveraged. To establish the enabling
environment for climate finance to flow, the contexts of individual economies, consistency across current
policies, and institutional settings all need to be considered. Climate data availability and market integrity are
also key to enhancing investor confidence.

4.2 The Landscape of Private Climate Capital
in Asia and the Pacific

Understanding the state of climate finance in Asia and the Pacific is challenging. What constitutes

the scope of the region and its economies may vary depending on which geographic or economic criteria are
used. The data being recorded are also heavily reliant on reporting approaches that may not be harmonized
across economies and institutions and may depend on an economy’s resources and capacities. The graphics
presented in Figure 4.1 and Figure 4.2 are based on a joint report by the Asian Development Bank (ADB) and
the Climate Policy Initiative using cumulative data for 2018 and 2019 (ADB 2023a). Where available, more
recent data are presented to supplement the analysis.

1 It should be noted that estimations vary widely across different models and publications, depending on various assumptions and sample
coverage.

This chapter was written by a team consisting of ADB staff Bianca Gutierrez, Esmyra Javier, Ma. Noelle Manahan
(consultant), Alexander Raabe, Shu Tian (lead author), and Mai Lin Villaruel.




Globally, the private sector provides almost half of total climate finance. The private sector’s contribution
to climate finance is driven mostly by mobilization in developed economies. Data from 2021-2022 show that
49% ($625 billion) of climate finance in this period came from the private sector (Buchner et al. 2023). In Asia
and the Pacific, data from 2018-2019 show that, of the total $520 billion mobilized for the region,? the private
sector contributed $168 billion (32%), mainly from corporations, households, and commercial financial
institutions (ADB 2023a). Private capital from commercial investors, funds, households, and corporations is
channeled through project-level market rate debt, balance sheet debt, and equity. Assessing the subregions

of Asia and the Pacific, the private sector’s contribution in South Asia was close to the global average at 43% in
2018-2019, while the Pacific’s private sector accounted for only 4% (Figure 4.1).

Figure 4.1: Public and Private Sector Shares of Climate Finance Across Asia and the Pacific, 2018-2019
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Notes: Percentages are based on cumulative data for 2018 and 2019. When available, more recent data are presented to supplement the analysis.
Central and West Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Pakistan, Tajikistan, Turkmenistan, and Uzbekistan.
South Asia comprises Bangladesh, Bhutan, India, Maldives, Nepal, and Sri Lanka. East Asia comprises the People’s Republic of China and Mongolia.
Southeast Asia comprises Cambodia, Indonesia, the Lao People’s Democratic Republic, the Philippines, Thailand, Timor-Leste, and Viet Nam.
Source: Asian Development Bank. 2023. Climate Finance Landscape of Asia and the Pacific.

Most climate finance is mobilized in the form of debt instruments. While grants and equity instruments
are also used to fund climate investments, 60% of global climate finance in 2021-2022 was raised through debt
instruments. This proportion was slightly higher across Asia and the Pacific, where 70% of climate finance was
in the form of debt instruments in 2018-2019. While market rate debt and low-cost project debt instruments
were mainly from public institutions, balance sheet debt (which made up 21% of total debt instruments) was
raised by corporations. One exception to this trend was in the Pacific, where grants dominated climate finance
with a share of 72% (ADB 2023a). By type of activity, energy systems and low-carbon transport received most
of the funding across the region (Figure 4.2). Financing sources and instruments for adaptation finance are
discussed in greater detail in Chapter 3 of this report.

2 In more recent estimates, total climate finance flowing to Asia and the Pacific region was reported at $746 billion for 2022
(Buchner et al. 2023), but no further breakdown by source was available for the region.
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Figure 4.2: Overview of Climate Finance Flows in Asia and the Pacific, 2018-2019
($ billion)
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Consistent with global trends, mitigation finance dominates finance flows in the region. Mitigation
finance aims at reducing greenhouse gas (GHG) emissions to slow global warming and stabilize the climate

in the long term. Data from 2018-2019 show that 91% of regional climate finance flows were directed to
mitigation, with 36% of this being provided by the private sector. Adaptation finance, focused on improving
resiliency and reducing the impact of climate-related risk and damage, continues to lag despite the urgency
and rising costs of climate change. In Asia and the Pacific, only 8% of total finance flowed to adaptation during
2018-2019 and this was mostly provided by the public sector: the private sector’s contribution to adaptation
finance was 0.2% or approximately $84 million. Mobilizing private capital for climate change adaptation is often
hindered by a lack of bankable projects and scalable business models, making such investments less financially
attractive to private investors. Chapter 3 of this report includes detailed discussion on how to mobilize
adaptation finance.

Even with higher private sector participation, a funding gap remains for mitigation. Mitigation finance,
despite comprising the dominant share of overall climate financing, remains insufficient to meet the targets
set forth by economies in Asia and the Pacific in their NDCs. A high level of dependence on fossil fuels—
accounting for more than half in global consumption—puts the region in a challenging position in terms of
transforming its energy systems and decarbonizing its economies (ADB 2023c). Transition finance is urgently
needed in the region, but such financing introduces a different set of complexities in evaluating risks and
returns for the private sector (WEF 2023; Kagda 2024; PWC 2023).

Climate investments by the private sector can deliver both financial and nonfinancial gains. An analysis
of initial NDC commitments estimated a potential for $23 trillion in investment opportunities from 2016-2030
in emerging markets and across sectors (IFC 2017). Climate policies, development of sustainable financial
markets, and de-risking instruments such as guarantees, insurances, and blended finance can be catalytic in
attracting private capital. These measures can reduce risks or enhance potential returns and may contribute to
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nonpecuniary gains such as improved reputation and stakeholder partnerships. Furthermore, when considering
the amount of capital deployed as well as capital flows into funds and deal activity, climate-related private
investments outperformed the broader market in 2022 (Dahlqvist et al. 2023).

Private sector engagement must be recognized and incorporated in climate policies and implementation
plans. Despite the need for increased private sector engagement, it is barely mentioned in public climate
commitments as published in documents such as the NDCs, with only 13% of 85 updated NDCs mentioning
active private sector engagement in 2021 (Crumpler et al. 2021). Based on submissions to the NDC Registry
of the United Nations Framework Convention on Climate Change, 25 of ADB’s 41 developing member
economies mentioned some form of private sector involvement such as public-private partnerships or creating
an enabling environment for the private sector. However, only 14 developing member economies mentioned
engaging the private sector, with only one member specifying implementation plans.?

Actual and perceived risks of investing in climate finance must be addressed. Regional and economy-level
contexts and barriers complicate the climate finance landscape in developing Asia. Barriers such as lack of
climate data, resource constraints, less-developed capital markets, and service issues in areas such as electricity
and transport constrain private climate investments. Risks relating to the subinvestment-grade ratings of many
emerging-market and developing economies, policy and foreign exchange rates, and potential low investment
returns also need to be addressed to attract private investment (IMF 2023). Stronger policy commitments and
action must be taken to provide de-risking and incentivizing measures. Moreover, an enabling environment
that supports private investment considerations must be considered when creating pipelines of policy-

backed, investable projects. Likewise, disincentivizing measures, such as more stringent regulatory scrutiny for
high-emitting operations or increased taxes for fossil fuel use, can assist in transitioning private firms toward
activities aligned with climate goals. Stronger climate commitments, climate policies, and public finance action
are crucial to mobilize private climate capital across Asia and the Pacific.

Scaling up private climate capital requires activating both financial and nonfinancial levers. To mobilize
much-needed private capital at scale to support mitigation and adaptation, it is important to understand

what drives private investment in climate action. These direct and indirect financial drivers can be further
categorized into pull factors and push factors (Figure 4.3). Pull factors encourage the private sector to

invest in climate finance by leveraging upside opportunities. Push factors tend to impel the private sector to
make investments to mitigate downside risks. Over time, push factors may become pull factors as climate
investments become an upside opportunity.

The 14 developing member economies are Bhutan, Cambodia, the People’s Republic of China, India, Indonesia, the Lao People’s
Democratic Republic, Maldives, the Marshall Islands, Sri Lanka, Timor-Leste, Tonga, Turkmenistan, Vanuatu, and Viet Nam.
Bhutan specified direct implementation plans through its pursuit of direct access modalities through the accreditation of the
Bhutan Trust Fund for Environmental Conservation as the national implementing entity to both the Green Climate Fund and the
Adaptation Fund, and private sector access, with three financial institutions (Bhutan Development Bank Limited, Bank of Bhutan
Limited, and the Bhutan National Bank Limited) undergoing the accreditation process for access to the private sector facility of the
Green Climate Fund (Royal Government of Bhutan 2021).
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Figure 4.3: Drivers of Private Climate Investment
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4.3.1 Direct Financial Drivers

Both investment opportunities and financial risks motivate firms to invest in mitigation and
adaptation. Key pull factors include profitability, access to capital markets, and climate policy incentives.
Some of the key push factors are business continuity, incentivizing climate policies such as carbon pricing,
tax and subsidy reform, and shareholder demands.

4.31.1 Pull Factors

Tackling climate change has been recognized as an important investment opportunity. Studies by the
Organisation for Economic Co-operation and Development (OECD 2023a), Tang (2023), and Wu et al.
(2023) conclude that climate finance initiatives offer major investment opportunities. For instance, sustainable
investment funds have consistently outperformed their conventional peers, with a median return of 12.6%
compared to traditional funds’ 8.6% in 2023 (MSISI 2024). This return differential is more pronounced in
Asia, with sustainable investment funds providing a 1.4% return while traditional funds reported a 0.4% loss in
2023. Global investment in the low-carbon energy transition hit a record $1.8 trillion in 2023, up by 17% from
2022 (Bloomberg NEF 2024). For opportunities related to mitigation solutions, under the net zero emissions
scenario of the International Energy Agency, there are considerable investment opportunities in electricity
networks; sustainable vehicles; electric vehicle charging infrastructure; energy generation via wind, solar,
hydrogen, and biofuels; raw materials such as copper and lithium; and building heating solutions (Figure 4.4).

4 The electrification of transport and other sectors will increase the demand for raw materials such as copper and lithium, whose supply is
exposed to regulatory and market risks, presenting opportunities for innovations in materials and recycling solutions (Tang 2023).
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Similarly, financing adaptation is increasingly becoming a business opportunity and is estimated to be worth

$2 trillion annually by 2030 (The Economist 2021; WEF 2022; Chidambaram and Khanna 2022). For instance,
investments in climate-resilient economies and water-saving technologies can generate above average returns
(Wu et al. 2023). Businesses providing climate resilience solutions are emerging in Asia and the Pacific (Box 4.1),
as also highlighted in Chapter 3 of this report.

Figure 4.4: 2030 Decarbonization Opportunities Under the International Energy Agency’s
Net Zero Emissions Scenario
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CAGR = compound annual growth rate.

Notes: Bubbles represent CAGRs of sectors with expected revenues over $400 billion by 2030. Indicative representation, not drawn to scale.
Source: Adapted from Figure 2 of Tang, V. 2023. Beyond Financing Gaps: Sizing the Decarbonization Investment Opportunity. Government of
Singapore Investment Corporation.
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Box 4.1: Climate Resilience Solutions in Asia and the Pacific

Incorporated in India in 2016, Absolute Water Private Limited developed the 100% organic water recovery system known
as Absolute Water. The system treats and converts sewage wastewater into potable water, in line with World Health
Organization standards, by naturally degrading pollutants and converting them into nutrients. As shown in the figure
below, through its applications in industrial processes, residential activities, construction sites, and agricultural land use,
the Absolute Water system increases the availability and quality of water in localities subject to water stress.

The Absolute Water Wastewater Treatment System

Source: Absolute Water.

Equity and debt capital markets are important conduits to raise climate finance. Private equity
increasingly turns into a significant lever to finance the “just transition” to an inclusive, low-carbon, and
climate-resilient development pathway (Robins, Brunsting, and Wood 2018).> The climate-related private
equity market saw sustained growth from 2019 to 2022, buoyed by the increased deployment of climate
technologies (Dahlqvist et al. 2023). During the period, transactions increased 2.5 times (twice the growth
rate of all private equity market transactions) and investors launched about 330 new funds covering
sustainability; environmental, social, and governance (ESG) issues; and climate impacts. Companies operating
in renewable energy, clean technology, and “green” infrastructure are particularly attractive investment

targets (Calster, Vandenberghe, and Reins 2022), leading to a concentration of climate-related private equity
investments in the energy and transport sectors (Figure 4.5).

5 The International Labour Organization defines “just transition” as “a process by which economies that progress toward a green economy
also strengthen each of the four pillars of decent work for all (i.e., social dialogue, social protection, rights at work, and employment).”
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Figure 4.5: Climate-Related Private Equity Investments by Sector
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Source: Dahlqvist, F,, S. Kane, L. Leinert, M. Moosburger, and A. Rasmussen. 2023. Climate Investing: Continuing Breakout Growth Through
Uncertain Times. McKinsey & Company. 13 March.

The sustainable debt market drives opportunity in green and transition-related investments. Green,
social, and sustainability (GSS) bonds as well as emerging bond labels such as sustainability-linked, blue, and
transition bonds (known collectively as GSS+ bonds) saw notable growth from 2010 to 2022 (Figure 4.6).
These products demonstrate strong potential to unlock private capital for climate action (J. P. Morgan 2023;
Ehlers et al. 2022) and aim to deliver climate, socioeconomic, development, and nature co-benefits (Box 4.2).
Figure 4.7 shows that Asia accounted for most sustainable debt issuances in 2023, totaling $140 billion.
While the People’s Republic of China (PRC) was responsible for about 85% of the 2023 total, the region’s
emerging-market and developing economies constituted less than 1% of Asia’s sustainable debt issuance,
mainly due to their limited access to international capital markets and limited domestic capital market
development (Lim et al. 2024). Sovereign green bond issuances were an important catalytic factor in the
development of private sustainable bond markets (Cheng, loannou, and Serafeim 2014).
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Figure 4.6: Sustainable Instrument Issuance in Emerging-Market and Developing Economies,

by Instrument Type
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Source: Adapted from Figure 2.1 of Ehlers, T., C. Gardes-Landolfini, F. Natalucci, and P. Ananthakrishnan. 2022. How to Scale Up Private Climate
Finance in Emerging Economies. Global Financial Stability Report. International Monetary Fund.

Figure 4.7: Sustainable Debt Issuance in Emerging-Market and Developing Economies,
by Region and Economy Type
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ASEAN-4 = Association of Southeast Asian Nations (Indonesia, Malaysia, Philippines, and Thailand); PRC = People’s Republic of China;
EMDE = emerging-market and developing economy.
Source: Asian Development Bank calculations based on International Institute of Finance data.



Box 4.2: Fiji’s First Sovereign Blue Bond

In November 2023, with support from the United Nations Development Programme and the United Kingdom, Fiji
announced the issuance of its first blue bond. This issuance seeks to raise private capital to unlock the potential of Fiji’s
blue economy through the sustainable use of its vast ocean resources. The bond will finance four priority areas with
significant co-benefits:

(i) using nature-based solutions for coastal protection of low-lying, vulnerable coastal communities;

(ii) scaling up Fiji’s aquaculture sector by focusing on advanced hatchery programs for high-value species—such as sea
cucumber, seaweed, grouper, and shrimp—to not only supplement imports but also support livelihood development
in rural communities;

(i) developing sustainable towns and cities using integrated planning solutions; and

(iv) enhancing solid waste management by building the capacity of Fiji’s only sanitary landfill and boosting the capabilities
of wastewater treatment.

Source: United Nations Development Programme. 2023. Launch of Fiji’s First-Ever Sovereign Blue Bond. Press Release. 2 November.

Green and sustainable finance taxonomies help align investments with climate goals. A number

of green or sustainable taxonomies have emerged in recent times. This has made information on what
constitutes green and sustainable economic activities and investments increasingly available in the public
domain (Figure 4.8). Such taxonomies function as comprehensive classification systems, defining eligibility
for financing or investment based on the taxonomy’s sustainability objectives (Wong 2024). In addition to
providing frameworks for defining sustainable investments and activities, some taxonomies have made special
provisions for transition finance, i.e., financing the decarbonization of high-emitting industries. Development
in green and sustainable taxonomies is expected to provide clearer benchmarks to investors, thus helping
channel financing toward eligible projects (Heinkel, Kraus, and Zechner 2001; Sharfman and Fernando 2008).
While this clarity is likely to function as an incentive for increased financing of sustainable activities, associated
disclosure requirements also act as regulatory push factor.

Figure 4.8: An Overview of Green and Sustainable Taxonomies, 2023
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Returns on green assets often outperform those on brown assets as climate concerns increase.

Such evidence has been documented in Pastor, Stambaugh, and Taylor (2021); Choi, Gao, and Jiang (2020),
Engle et al. (2020); and Ardia et al. (2021), among others. For instance, Ando et al. (2023) price the premium
for green sovereign bonds, the so-called “greenium”, at about 11 basis points on average for emerging markets,
with the premium growing after issuance. However, the climate risk premium may not be accurately priced by the
market, possibly threatening financial stability (IMF 2020; Ehlers, Packer, and de Greiff 2021; Atz et al. 2022).
The profitability of climate-related investments can be improved when climate risks are better priced in the
financial system. Another inefficiency relates to climate risks shifting from more-transparent to less-transparent
market segments, slowing down the transition to net zero. For instance, Beyene et al. (2021) find that bond
markets price the risk of assets held by fossil fuel firms becoming stranded, while banks in the syndicated

loan market seemingly do not price this risk much. As a result, to meet their financing needs, fossil fuel firms
increasingly rely less on bonds and more on loans from banks.

A mix of climate policy and financial regulation helps mobilize private climate capital. Economy-level
climate commitments, such as NDCs and related laws, set climate goals and strategies. They guide expectations
for private investments and help reduce policy uncertainty. Some climate policies are in the form of command
and control (e.g., sector regulations, climate-aligned subsidies, and tax treatments), market mechanisms

(e.g., carbon taxes, emissions trading systems), and green nudging schemes (He 2023). These climate policies
create incentives for climate investments by improving their risk-return profile and shaping behavioral changes
in the marketplace (Table 4.1).

Table 4.1: Climate Policies and Private Climate Capital

Climate Policy Correct Prices and Foster Market Responses

Climate Commitments A. Reducing climate investment uncertainty
» Comprehensive climate strategies, commitments, and transition plans
* Climate laws

Standards, Regulations, and Subsidies B. Supporting profitability and demand for climate solutions
 Sector regulations and standards
» Subsidies, green off-take, tax treatment, purchasing agreement, among others

Carbon Pricing C. Pricing the externalities of carbon emissions
» Carbon taxes
» Comprehensive cap and trade (emissions trading scheme)
* Removal of fossil fuel subsidies
» Carbon Border Adjustment Mechanism

Green Nudges D. Encouraging climate action with information
* Green default settings
* Eco and efficiency labeling highlighting costs and benefits to conservation to consumers

Financial Regulation Develop Climate-Oriented Financial Markets

Monetary and Banking Regulations E. Mainstreaming integration of climate risks
* Requiring climate integration in lending and investment
e Climate stress tests
 Climate considerations for collateral

Sustainable Financial Market F. Building a climate-oriented market ecosystem
Development * Green and transition taxonomies and roadmaps
* Sovereign issuance of green and sustainability bonds
* Green and sustainable bond standards and principles
 Capacity building for external green bond verification, certification, and rating

Climate Standards and Disclosure G. Enabling transparency and integrity
* Reporting standards (TCFD, ISSB)
* Measures to support market integrity for climate investments

ISSB = International Sustainability Standards Board, TCFD = Task Force on Climate-Related Financial Disclosures.
Source: Mortimer, J. and S. Tian. 2024. Mobilizing Private Climate Finance - The Role of Climate Policies. Background paper for the Asia-Pacific
Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.



Effective policy can improve the profitability and commercial viability of climate-oriented projects.
Climate policies can directly boost the commercial viability of climate-related projects by creating market
incentives and stimulating market demand. Typical policy tools include imposing standards and regulations,
applying subsidies and tax incentives, and establishing binding carbon prices. Carbon prices can increase
economic returns in low-carbon investments by internalizing the price of emissions.® For instance, Hengge,
Panizza, and Varghese (2023) find that policies increasing carbon prices are effective in raising the cost of
capital for emissions-intensive firms. Command-and-control type standards and regulations prioritize low
carbon technologies, also phasing out emitting activities by reducing their scale and demand. Subsidies and
tax treatments (e.g., electric vehicle subsidies) promote low-carbon technologies to make those innovations
competitive with polluting activities. They also mitigate risks associated with low-carbon technologies

by facilitating long-term contracts and guaranteed prices such as feed-in tariffs (Koerner et al. 2022;
Roslan et al. 2022; Setiawan et al. 2022).

Public sector support is critical to help de-risk climate adaptation and mitigation projects. Public
sector funding of climate projects in developing economies has been deployed in the form of blended
finance. Instruments such as first-loss guarantees, subordinated loans, or hedging can offset investor fears
about unstable or uncertain project returns (Songwe, Stern, and Bhattacharya 2022; Ehlers et al. 2022).
Performance-based incentives for project developers can compensate for the marginal cost of using “greener’
technologies. This creates opportunities for private investors to limit risks while maximizing positive societal
impacts (WEF 2022; Dahlqyvist et al. 2023). For example, the Green Climate Fund under the United Nations
Framework Convention on Climate Change, through taking a first-loss position in climate projects, mobilizes
four times the capital provided as public finance (WEF 2022).

)

Economies with favorable investment conditions are more likely to attract foreign private capital for
climate action. Besides stable macroeconomic conditions, international investors are attracted by strong
legal and regulatory frameworks for climate action. This includes adequate enforcement capacity, strong
institutions, effective and efficient public budget management systems (including for climate initiatives),

and clearly articulated climate investment priorities (Morita and Pak 2018). Emerging-market and developing
economies with ambitious NDCs that have priority sectors clearly defined; bankable, large-scale project
pipelines, notably in the clean energy sector; and efficient project implementation are big draws for external
financiers (Bowman 2022; IFC 2017; IMF 2023; IEA and IFC 2023).

Foreign investment into climate action responds both to domestic policies and those set abroad.
Around the world, industrial policies are deployed to accelerate the transition to net zero. For instance, the
Government of the United States’ Inflation Reduction Act, 2022 is widely seen as the most ambitious climate
policy in the country’s history. As outlined in Box 4.3, research highlights that raising foreign private climate
capital for Asian economies is subject to spillovers from the act. In addition, the Asia and Pacific region can
attract and retain foreign private climate capital through appropriate policies to reduce emissions, signaling
its strong commitment and capacity to tackle climate change. Moreover, policies to tilt the allocation of
conventional investment funds toward sustainability objectives can considerably increase the supply of
private climate capital.

6 Chapter 5 of this report provides a comprehensive review of the introduction of carbon pricing in the Asia and Pacific region and
discusses how carbon pricing creates incentives to mobilize climate finance.



Box 4.3: How the Inflation Reduction Act Increased Climate Finance in Asia and the Pacific

The United States’ Inflation Reduction Act (IRA) aims to reduce the country’s emissions by 40% (relative to 2005 levels)
by 2030. A combination of tax credits, grants, and loans worth at least $370 billion promises to accelerate the transition to
net zero by encouraging private sector investments in clean energy, including clean electricity generation and transmission,
carbon capture and storage, and “green” hydrogen. Targeted subsidies stimulate demand for energy-efficient appliances,
electric vehicles, rooftop solar panels, geothermal heating systems, and home batteries.

Research shows that the IRA has increased the supply of climate finance globally, including in Asia and the Pacific (te Kaat,
Raabe, and Tian forthcoming). Investment funds are an important conduit for this spillover. Specifically, sustainable
investment funds not domiciled in the United States received more inflows from investors after the announcement of the
IRA on 27 September 2021. In turn, these sustainable funds increased their cross-border portfolio investments in recipient
economies in Asia and the Pacific. Economies better prepared to address climate change benefited most from this windfall
of additional investment inflows.

The analysis highlights the role of investment funds in facilitating an international spillover of green industrial policies.
These fund flows were particularly prominent in Asia, cumulatively reaching about 30% of gross domestic product (GDP)
on average from 2015 to 2022, with average quarterly growth rates of 16.5%. Over the same period, the People’s Republic
of China; Japan; Taipei,China; Australia; and the Republic of Korea together accounted for 90% of sustainable fund flows
into Asia, as shown in the figure below.

Investment Fund Inflows for Selected Asian Economies as a Share of Total Regional Flows, 2015-2022
(average, % share)
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Source: te Kaat, D. M., A. Raabe, and Y. Tian. Forthcoming. Greening Thy Neighbor: How the US Inflation Reduction Act Drives Climate
Finance Globally. Asian Development Bank Working Paper.

The research suggests an increase in investments into sustainable funds relative to conventional funds rising by between
0.033 and 0.045 percentage points after the IRA announcement. This is equivalent to a 100% increase relative to

the mean of sustainable fund inflows, or an additional $1.4 billion 3 months post IRA announcement. Given low and
time-invariant cash shares in fund portfolios, additional inflows into funds translate directly into higher cross-border
fund investments in recipient economies. For the median Asian economy, this implies additional sustainable investments
cumulatively for 3 months after the IRA announcement equal to 3% of GDP on average as seen in the following Figure a.

continued on next page



Box 4.3 continued

Impact of Inflation Reduction Act and Recipient Economy Climate Policies

a. Sustainable Fund Flows Over Time b. Fund Flows and Government Climate Scores
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Notes: Figure a plots coefficients from a regression of flows into investment funds on the interaction between time dummies and a
fund-level sustainability indicator, also applying appropriate controls. Figure b shows the coefficients from a regression of investment fund
flows on a triple interaction comprising a post-Inflation Reduction Act dummy, a fund-level sustainability indicator as well as the Bloomberg
Government Climate Score, or an economy’s trade linkage with the United States, or an economy’s financial openness. Stars denote
statistical significance levels at 1%. The red vertical line denotes the IRA announcement, and blue vertical lines the confidence interval of

coefficient estimates.
Source: te Kaat, D. M., A. Raabe, and Y. Tian. Forthcoming. Greening Thy Neighbor: How the US Inflation Reduction Act Drives Climate
Finance Globally. Asian Development Bank Working Paper.

The research further investigates how authorities can harness these spillovers to attract more climate finance from abroad.
Given large climate financing needs, it is important to allocate additional sustainable investments into those recipient
economies where funds will be most productively channeled into climate action. An economy’s capacity to productively
use inflows for investments related to climate change can be proxied by Bloomberg Government Climate Scores. These
scores measure an economy’s progress in emissions reduction, power sector decarbonization, and policy commitments

to address climate change. The analysis reveals that higher-scoring economies tended to attract more inflows from
sustainable investment funds after announcement of the IRA, cumulatively worth an additional 1% of GDP for the average
global economy and 3% on average for economies in Asia and the Pacific, as set out in Figure b above.

Additional investments were not only driven by higher inflows into sustainable funds investing in higher-scoring economies
but also by an active portfolio shift of conventional funds in favor of economies with better climate policies. This suggests
that conventional investment funds are an important source of climate finance, as they represent 97% of funds by assets
under management.

Reference: te Kaat, D. M., A. Raabe, and Y. Tian. Forthcoming. Greening Thy Neighbor: How the US Inflation Reduction Act Drives Climate
Finance Globally. Asian Development Bank Working Paper.

Source: Authors.




Managing disruptions caused by extreme weather events has motivated firms to invest in mitigation
and adaptation. While this scenario is widely documented in relevant literature (e.g., Cox et al. 2022; Randall,
Sedemund, and Bartz-Zuccada 2023; Flynn et al. 2023), such business strategies may not always be labeled as
climate investments. For example, a firm’s general expenditure on research and development may reflect higher
vulnerability to climate change (Alam et al. 2023). Similarly, real estate investment trusts have been investing
in energy efficiency, GHG reduction, and water resource management strategies (Majersik 2019).

Policy and regulatory initiatives are a key push factor for private climate investments. Akomea-Frimpong
et al. (2022) identify global action on climate change as the top determinant for green finance by banks.
Regulatory frameworks mandating emissions reductions, climate risk assessments, and climate-related financial
risk disclosure have been introduced in ever more jurisdictions and play an increasingly significant role in driving
private sector investments in climate action (EU 2022; BEIS 2022; ERB 2022; HKEX 2023; ISSB 2023; Arca and
SGX 2024). Box 4.4 provides details on a 2023 financial disclosure regulation by the European Union (EU).

The introduction of the EU’s carbon border adjustment mechanism may induce Asian exporters’ compliance with
EU emission standards in an effort to avoid export declines (ADB 2024).

Box 4.4: The European Union Sustainable Finance Disclosure Regulation

The European Union’s Sustainable Finance Disclosure Regulation (SFDR), enacted in February 2023, requires asset
managers and other financial market participants to disclose the extent to which investments are aligned with
environmental, social, and governance criteria. The regulation applies to all funds operating in Europe. Under the SFDR
classification system, investment funds fall into one of three categories: Article 6 (no sustainability focus), Article 8
(“light green”, promoting environmental characteristics), or Article 9 (“dark green”, a clear objective of sustainable
investment). Evidence suggests that the introduction of the SFDR has enhanced transparency, with more capital being
channeled toward verified sustainable investments.

Source: International Monetary Fund. 2023. Global Financial Stability Report: Financial and Climate Policies for a High-Interest-Rate Era.

Demands of key stakeholders constitute another important push factor. Such evidence has been
documented by Kawabata (2019) and Diaz-Rainey et al. (2023), among others. For example, large asset
owners, including Japan’s Government Pension Investment Fund (the world’s biggest pension fund) are
mandating that their fund managers delve into the environmental, social, and governance (ESG) credentials
of the companies in which they invest (The Economist 2020). Pressure has also grown for private equity firms
to integrate climate-related risks into their investment processes, guiding these firms toward alignment with
broader climate goals and initiatives (ERM and Ceres 2021).

Some indirect financial factors have been influential in driving private climate investment. Such factors
motivate investment in climate action without the expectation of immediate or direct financial return. They
can, however, provide indirect financial gain in the longer term. For example, by investing in coastal protection
programs, a multinational tourism resort may gain the support of local communities, which may strengthen the
firm’s brand and result in subsequent financial advantage.



4.3.2.1 Pull Factors

Ethical and sustainable investments, particularly ESG investing, have significant pull for investors.
Many institutional investors, as well as individuals with high net worth, are pivoting toward investments in
line with ethical values. Institutional investors, such as pension funds, own a large proportion of global assets
and are therefore highly exposed to climate risks (J.P. Morgan 2023). ESG investing serves as a framework
to incorporate sustainability values, resulting in higher long-term financial value (Eccles 2021). Similarly,
investments by high net-worth individuals are increasingly guided by environmental and social benefits,
beyond financial returns, and this is especially so in Asia. For instance, on average in 2024, 72% of young
high net-worth individuals across Asia factored sustainability concerns into investment decisions, compared
to 43% in Canada, the United Kingdom, and the United States (Deloitte 2024). Despite a temporary dip

in 2022-2023, global ESG investment remained strong in early 2024 (Temple-West and Masters 2024).
With the lion’s share of ESG flows still going to funds domiciled in Europe, ESG flows and their market share in
Asia and the Pacific saw steady growth from 2016 to 2022, as shown in Figure 4.9 (J.P. Morgan 2023).

Figure 4.9: Market Share of Environmental, Social, and Governance Funds, by Region
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Source: Adapted from Figure 35 of J. P. Morgan. 2023. Asia Pacific Equity Research. 23 January.

Another pull factor is the potential for brand and corporate image enhancement. Environmental
responsibility by commercial entities is increasingly shaping consumer preferences and investor perceptions
(Henderson, Ghosh, and Zhan, 2018; Du, Wenxiu, and Zhang 2020). Companies that demonstrate a
commitment to sustainability therefore gain a competitive advantage, including increased market share,
brand loyalty, and access to capital. An ADB survey conducted in 2022 confirms that investment strategies
integrating Sustainable Development Goals contribute to an organization’s “greener” image (ADB 2022).
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4.3.2.2 Push Factors

Customer preferences and/or general public opinion can accelerate investment decisions. The general
public, particularly younger generations, tend to be loyal to corporates acting on climate change (Robins,
Brunsting, and Wood 2018; SustainAbility Institute 2021). This is particularly important when the labor
market is tight and competition for young talent is strong (e.g., Weinert 2023). The Deloitte (2024) survey
confirms that environmental sustainability remained the top priority of young people and that it consistently
weighs heavily on them, with roughly 6 in 10 respondents saying they had felt worried or anxious about climate
change. Young people therefore tend to make purchasing decisions based on environmental considerations
(Figure 4.10a). Moreover, more than half of all respondents in the Deloitte survey reported that they have
attempted to influence their employers to take action on climate change (Figure 4.10b).

Figure 4.10: Consumption and Career Choices Made by Younger Generations, 2024

(a) Consumption Patterns
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Note: “Gen Z” is defined as those born after 1997, while “Millennials” are born between 1981 and 1996.
Source: Deloitte. 2024. 2024 Gen Z and Millennial Survey: Living and Working with Purpose in a Transforming World.




Climate finance initiatives can help commit corporates to climate-related policies and investments.
Employee awareness on climate change and management-level engagement in climate-related programs
are associated with a higher level of climate finance engagement by financial institutions (Kawabata 2019).
When a firm commits to membership of an international climate finance initiative, it is expected to abide by
the initiatives’ investment parameters and targets, ultimately establishing a degree of “climate credibility”

in the public eye.”

Climate-related litigation has triggered commercial entities to act on climate change. Climate-related
litigation has grown rapidly (NGFS 2023). Companies in energy generation, manufacturing, transport, and
agriculture have been targeted for a range of claims. These claims include damages for past emissions,
violation of corporate due diligence laws, and allegations of “greenwashing” (i.e., investments overstating
climate benefits). Financial institutions have also been accused of greenwashing and violation of due diligence
laws (NGFS 2023).8 Litigation concerning investment decisions has been increasing and can help clarify the
parameters for such decisions in the context of climate change (Setzer and Higham 2023; ADB 2020).

4.4 Addressing Impediments to Mobilizing Private
Climate Capital

Recent developments in climate policies, financial markets, and marketplace responses have mobilized private
capital toward climate-oriented investments. Nevertheless, impediments remain, including fragmented climate
policy implementation, underdeveloped climate-aligned financial markets, and marketplace frictions.

4.4.1 Consistent and Aligned Climate Policies
4.41.1 Challenges to Climate Policy Implementation

Uncertainty in climate policy hinders private investment by raising risk perception. Political considerations
are known to cast uncertainty on climate policies. Some governments choose to temporarily halt or soften
implementation of climate policies due to other commitments or political priorities. In the United States,

the index of climate policy uncertainty increased from less than 10 in March 2000 to more than 250 in
December 2021 (Figure 4.11). Europe has also witnessed opposition to green policies that constrain emissions
and phaseout fossil fuels. This is largely due to the high costs placed on local businesses, farmers, and
households. Such public opposition has placed pressure on a few European governments—including those in
Germany, Italy, the Netherlands, Poland, Spain, and the United Kingdom—to soften some climate policies

by delaying implementation or carving out exemptions. Additionally, disruptions to energy supplies due to
geopolitical tensions, such as the Russian invasion of Ukraine and the closure of the Suez Canal, have redoubled
government attention on energy security. As an example, Norway approved 19 new oil and gas projects in

June 2023 to reduce its dependence on imported oil (Treloar 2023). This uncertainty around climate policies
could lead firms to delay climate-related investments and reduce financing of new equipment and research

and development (Bloom 2009). Therefore, greater certainty in climate policies and commitments can foster
increased private climate investment via consistent expectations of future cash flows and risks.

Examples of such initiatives are the United Nations Principles for Responsible Investment, the Institutional Investors Group on Climate
Change, the Investors Group on Climate Change, the Asia Investors Group on Climate Change, the Ceres Investor Network on Climate
Risk, the Investment Leaders Group, the RE 100 Campaign, the We Mean Business Coalition, and Climate Action 100+.

8  The Sabin Centre for Climate Change Law maintains a Climate Change Litigation Databases of worldwide climate-related litigation
cases and can provide further details on each case.
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Figure 4.11: Climate Policy Uncertainty Index in the United States
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Sources: Economic Policy Uncertainty (accessed 17 June 2024); and Gavriilidis, K. 2021. Measuring Climate Policy Uncertainty. 16 May.

Lack of policy alignment weakens incentives for private climate investors. In assessing competing budget
priorities, governments must balance the need for economic growth, social inclusion, and environmental
protection. When treated in isolation, policies to achieve these goals can become fragmented and sometimes
contradict each other, thereby reducing incentives designed to stimulate private climate investment.

For example, many governments in developing Asia are subsidizing renewable energy investment and

have introduced carbon pricing, but they continue to spend significant amounts on fossil fuel subsidies

(ADB 2023d). Fossil fuel subsidies weaken the effect of carbon pricing and renewable energy subsidies, both
through the reduced competitiveness of low-carbon projects and the mixed signals sent to private investors.
Specific climate policies, especially when they come from different authorities, may also not work with

each other in a consistent or complementary manner (He 2023). For instance, the effectiveness of carbon
pricing can be reduced when regulations or standards (e.g., energy efficiency standards, renewable portfolio
standards) are imposed on certain firms or industries. This is because firms will prioritize meeting standards or
regulations before trading carbon allowances, in turn lowering demand for carbon allowances. This reduced
demand for carbon credits then translates into lower carbon prices and reduced incentives.

4.4.1.2 Pursuing Aligned Climate Policies to Mobilize Private Climate Capital

Policymakers can incentivize private climate investments by reducing policy uncertainty. Investors
consistently state that a stable and predictable policy environment is one of the most important factors in
long-term investment attractiveness (BCG 2023; Olasehinde-Williams, Ozkan, and Akadiri 2023; ORF
2023). Ciminelli et al. (forthcoming) demonstrate that greater climate policy certainty, achieved through

the legislation of climate commitments as law, helps boost sustainable investment (Box 4.5). The public
sector can also reduce investor perception of climate policy risk by announcing climate commitments backed
with practical measures (such as sectoral and interim targets) and financing strategies. For example, when
economies set out a net zero pledge, national green development policy, or strategic green growth plan,
corresponding green industrial policies or climate investment programs will signal greater certainty about the
ability to achieve climate goals. Since green industrial policies or climate investment programs do not directly
draw on public finances, they can cost-effectively stimulate private climate capital by lowering investment risk
perceptions. Creating an enabling environment with legislation that addresses investor concerns would boost
investor confidence overall. This requires political commitment over the medium to long term (Mik 2024).
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Governments can adopt a comprehensive set of policy instruments to incentivize private climate
capital. Nascimento and Hohne (2023) show that expanding climate policy adoption across sectors, with
complementary price and nonprice measures, is effective at achieving emissions reductions. A comprehensive
policy package is not just having more policy tools, but also ensuring a mixture of different types of policies,
such as price and nonprice enabling measures. A comprehensive policy package will strengthen climate policy
certainty and thus enhance the profitability and incentives of climate-related investments, encouraging

more private capital. The energy sector serves as an example. Besides subsidies and feed-in tariffs, auctions
(as a market reform) can further efficiently incentivize investment projects in the renewable energy sector
through green offtake mechanisms. Green offtake mechanisms provide investors with clarity on future
demand, thereby improving commercial viability. Other examples include on-grid prioritization for renewable
energy generation, mandates, and standards. Figure 4.12 indicates that climate policy adoption by economies
in developing Asia is less comprehensive than in advanced economies.

Box 4.5: Climate Law and Sustainable Fund Holdings

Since the late 2000s, over 30 economies around the world have enshrined into law ambitious, economy-wide emissions
reduction targets. Adopting a climate law is distinct from implementing a climate change mitigation policy because, while
both aim to reduce greenhouse gas emissions, a climate law serves to bind all current and future government policies.

Adopting a climate law increases government accountability, offering legal recourse to firms and citizens in case of
inaction. For instance, the Government of the United Kingdom’s plans for hitting climate goals set in the government’s
Climate Change Act have twice been ruled unlawful by the United Kingdom’s High Court. In this sense, climate laws
establish a proper legal framework for economies to tackle climate change.

To the extent that investors reward legal and policy certainty, climate laws can play an important role in generating green
finance. Climate laws provide greater certainty surrounding both an economy’s commitment to the low-carbon transition
and the stringency of future climate change mitigation policies. This creates a predictable environment for investors,
encouraging them to invest in green technologies.

Empirical evidence supports the catalytic role of climate laws in eliciting green finance. Using a difference-in-differences
regression analysis, economies that adopt climate laws see steady increases in the share of their assets held by
environmental, social, and governance (ESG) funds over total assets held by mutual funds after approval, relative to
economies without climate laws. This increase is statistically and economically significant. Specifically, the share of assets
held by ESG funds increases by an average of about 2 percentage points (almost half of the sample average) 12 quarters
after the approval of a climate law, and continues growing over time, as shown on the left side of the figure below. This
dynamic is particularly pronounced among the subset of ESG actively managed funds and bond funds, as measured on the
right side of the figure.

continued on next page
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Box 4.5 continued

Climate Laws and Environmental, Social, and Governance Funds Asset Holdings
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Source: Ciminelli et al. Forthcoming. Climate Law and Sustainable Fund Holdings.

Governments can strengthen incentives and enable private climate capital via an aligned and holistic
policy package. Aligning policy steps, such as removing fuel subsidies can strengthen incentives without
consuming extra fiscal resources, but this requires aligned planning and coordinated action across government
departments. Governments can deliver a holistic policy package to strengthen incentives for private climate
capital without extra spending. They can do so by pairing climate policies and regulations with enabling
infrastructure and supporting systems, which contemporaneously matches supply and demand and enables
private investment. Figure 4.13 shows examples of holistic policy packages that address system bottlenecks
by pairing sector-specific policies with support for enabling infrastructure.
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Figure 4.12: Regulation and Standards Versus Subsidies in “Green” Industries
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Figure 4.13: Examples of Holistic Policy Packages
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4.4.2 Mobilizing Private Climate Capital via Enabling Financial Systems
4.4.2.1 Challenges for Finance Markets

Lack of reliable climate-related information significantly raises transaction and financing costs.
Financial markets can sustainably mobilize and generate huge amounts of private investment by efficiently
allocating savings to climate-aligned projects. However, weak climate information architecture increases

the risks of greenwashing and reduces market transparency (IMF 2023). Lack of reliable climate-related
information thus exposes investors to higher transaction costs and reputational risks. Therefore, financiers
enjoy lower financing costs on climate-aligned investments when they can justify greater climate credibility
and quality information. For example, green bonds carrying a widely accepted third party certification save
24-36 basis points on their bond yields, compared to green bonds without such certification (Hyun, Park, and
Tian 2021). The lack of disclosure for climate-related risks is an important factor in explaining the relatively
low level of investment in climate adaptation and resilience-building (Tall et al. 2021). In developing Asia,
financial markets are still evolving to reduce deficiencies in climate-related information to encourage private
climate capital. Generally, emerging-market and developing economies lack high-quality, reliable, and
comparable climate-related data, making the assessment of risks and opportunities more complex for private
investors (IMF 2023). The absence of quality information and mandatory disclosure requirements partly make
investors such as banks and insurance companies overlook climate financing needs (IMF 2023).

Climate disclosure practice in developing Asia has made good progress, but it should be applied more
broadly. In some economies of the Asia and Pacific region, publicly listed companies are required to comply
with climate disclosure benchmarks set by their respective stock exchanges. This is the case in the PRC;
Hong Kong, China; India; Indonesia; Japan; Malaysia; and Singapore (GRI 2022).° However, such disclosure
is generally confined to larger companies. Around 80% of the top 50 publicly listed companies in 14 Asian
markets reported their scope 1 and 2 GHG emissions in 2022 (PWC 2023). Climate disclosure becomes less
common when a broader range of firms is considered, such as companies not publicly listed, especially small

9 More information on climate disclosure benchmarks can be found at Climate Governance Initiative (2023); GRI (2022); and
Bloomberg (2024).



and medium-sized enterprises which lack capacity and resources to report emissions yet are crucial to supply
chains. The adoption of International Sustainability Standards Board (ISSB) standards helps regional institutions
build a global comparable baseline of sustainability information, so that investors and clients can make informed
decisions. While the adoption of ISSB standards remains at an early stage worldwide, developing Asia is making
good efforts on adoption. According to Laidlaw (2024), based on ISSB implementation progress outlined by
IFRS (2024) and Bangladesh Bank (2023), Bangladesh was the first Asian economy to formally adopt the ISSB
standards through guidelines for financial institutions in 2024. Meanwhile, several Asian economies, including
the PRC; Hong Kong, China; India; Japan; the Republic of Korea; Malaysia; Pakistan; the Philippines; Singapore;
Sri Lanka; and Taipei,China, are at various stages of planning and preparation for adoption and alignment

with domestic standards (Laidlaw 2024; IFRS 2024; Bangladesh Bank 2023). Association of Southeast Asian
Nations economies, including Indonesia, Thailand, and Viet Nam, are engaging with the ISSB to explore ways of
incorporating the standard’s global baseline in the region (Mortimer and Tian 2024). Developing Asia can benefit
from accelerating the adoption of climate disclosure, not only to reduce compliance costs of companies but also
to become more competitive when carbon pricing becomes mainstreamed, especially with the implementation of
the European Union’s Carbon Border Adjustment Mechanism.

Sustainable finance remains a small fraction of financial markets, and the banking sector can play
alarger role. Sustainable finance, green finance, and climate finance can differ in activity coverage and
investment objective. According to Berrou, Dessertine, and Migliorelli (2019) and the China Council

for International Cooperation on Environment and Development (2022), sustainable finance supports
sustainable economic activities including environmental, social, and other Sustainable Development Goals

in the investment process (Figure 4.14). Green finance refers to investments aimed at climate and other
environmental (e.g., nature and biodiversity) goals. Meanwhile, climate finance refers to financing that is
dedicated to supporting climate change mitigation and adaptation actions. While some climate finance
statistics cannot directly take into account the sustainable debt markets due to different activity coverage,
green, sustainability, and sustainability-linked debt instruments dominate the global private sector sustainable
debt outstanding, accounting for 95.5% ($4.1 trillion) in June 2024. Despite its rapid expansion, the
sustainable debt market remains a small portion of the total private debt market. By June 2024, sustainable
corporate bonds outstanding in developing Asia totaled $477.9 billion, accounting for only 4.2% of the general
corporate bond markets in the region. The corresponding share in the world’s largest regional sustainable bond
market, EU20, was higher at 7.8% due to investor demand and regulatory support, among other factors. While
regional central banks are starting to introduce environmental and social frameworks to guide bank lending,

it is crucial for the banking sector to play a larger role in financing sustainable projects and label related green
and sustainability activities in the region. In selected developing Asian markets, where loan data were available,
labeled sustainable loans (including green, social, sustainability, and sustainability-linked loans) accounted
for around 35.3% of total corporate sustainable debt financing (including both loans and bond issuances) as of
March 2024. This share is significantly lower than bank credit’s share of 77.6% in total corporate debt financing,
where corporate bonds accounted for only 22.4% as of March 2024.1°

10 The statistics include selected economies of developing Asia due to availability of bank loan data. Markets included are the People’s
Republic of China; Hong Kong, China; India; Indonesia; the Republic of Korea; Malaysia; Singapore; and Thailand. Statistics were sourced
from AsianBondsOnline computations based on Bank for International Settlements and Bloomberg LP data.
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Figure 4.14: Sustainable Finance Definitions
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More support is needed to expand the use of sustainable finance market in financing firms’
decarbonization efforts. As shown in Figure 4.14, transition finance supports decarbonizing emissions-intensive
industries and activities to meet net zero targets, making it an important aspect of climate finance.'* Mobilizing
credible transition finance helps address carbon lock-in and achieve national net zero targets. While supporting
the productive transition of otherwise stranded assets, it thus contributes to financial stability (OECD 2023).
Transition finance has emerged as a fast-growing area in sustainable bond markets. According to the International
Capital Market Association (ICMA 2024), transition activities financed in the sustainable bond markets are
captured by green, sustainability, and sustainability-linked bonds issued by the fossil fuel sector and hard-to-
abate industries (such as steel, cement, shipping, and aviation), as well as sustainable bonds with a transition
bond label. In developing Asia, the cumulative issuance of such labeled bonds reached $448.7 billion by June
2024, up from $35.2 billion in 2020, a 12.7-fold expansion that is largely in line with the 12.3-fold growth in

the region’s entire sustainable bond issuance over the same period. However, the share of transition finance
instruments remains only a small fraction of sustainable bond markets, accounting for a mere 6.2% of the region’s
sustainable bonds issuance as of June 2024 (Figure 4.15). ICMA (2024) indicates that it is difficult for the fossil
fuel sector and hard to abate industries to raise transition finance due to a lack of consensus on acceptable and
credible technologies and trajectories. Furthermore, investors and issuers are often disincentivized from investing
in brown-to-green projects by binary green finance regulations and the risk of accusations of greenwashing. EY
Global Financial Services (2024) summarizes a few key impediments to transition finance, including a lack of
credible and interoperable transition taxonomies to guide investments in decarbonization activities, a lack of
sound transition planning to guide financial institutions’ investments, a lack of economic viability in coal phaseout
projects, and lack of demonstration of successful decarbonization projects.

T According to the International Capital Market Association (ICMA 2024), a broader definition of transition finance can support
economy-wide transition.
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Figure 4.15: Sustainable Bonds to Support Transition Activities in Developing Asia
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Muiltiple sustainable finance taxonomies can be particularly challenging for cross-border flows of
climate finance. Sustainable finance taxonomies are an important part of the financial market ecosystem as they
provide standardized principles and classifications, including through the specification of assessment criteria

for green and transition activities. As of March 2024, more than 50 official national and regional sustainable
finance taxonomies had been developed or were in development (Wong 2024). These taxonomies may adopt
different approaches and assessment criteria to account for country-specific economic and social circumstances
and resources, under the principle of “common but differentiated responsibilities” in the Paris Agreement.
Discrepancies across national and regional taxonomies may raise transaction costs in mobilizing international
climate investments. For example, an activity structured to be eligible under one taxonomy may have to be
reassessed, or may become ineligible, under a different taxonomy. Investments can therefore be disincentivized
due to increased assessment and transaction costs and extended processing periods. Multiple taxonomies can
also disrupt financial intermediation when financial institutions raise capital from markets using a taxonomy
different from the markets in which they invest. This is particularly the case when capital is raised in advanced
economies with more ambitious taxonomies than the emerging markets in which the capital is to be invested.

Underdeveloped financial markets constrain access to capital for climate-aligned projects. Lack of
access to adequate local financing is particularly pronounced in some developing Asian economies where
capital markets are less developed. The benefits of a developed capital market include a broader investor base
and greater transparency to facilitate risk-sharing and mobilize large amounts of capital via direct financing
(IMF 2023; NGFS 2022). Some climate adaptation projects are infrastructure investments in nature and will
benefit from long-term local currency financing to reduce currency and maturity mismatches and related
risks. Financiers would thus benefit from a functioning local currency capital market. Meanwhile, international
institutional investors face difficulties in identifying relatively liquid assets in the emerging-market and
developing economies that meet their climate mandates. As functioning capital markets also provide more
liquid assets, lack of functioning capital markets limits private capital to only emerging-market and developing
economies with large and relatively liquid capital markets.



“Greening” financial systems can encourage accurate pricing of climate risks and attract capital

for climate-aligned projects. A climate-aligned financial system promotes private climate capital by
mainstreaming systemic climate-risk pricing in investments. Policies to green the financial sector help mitigate
climate-related risks to safeguard macrofinancial stability and encourage investments in low-carbon activities
(Gasparini and Tufano 2023; Carrasco and Lee 2023; Shirai 2023). The integration of climate risks into
macroprudential considerations provides regulatory incentives for investors to price climate-related risks when
evaluating project investability, making climate-aligned projects more attractive (Brunnermeier and Landau
2020). Global central banks have therefore introduced various financial, monetary, and additional policies to
green the financial system. Table 4.2 lists such monetary and finance policies implemented by 32 global central
banks. European central banks and financial supervisors have implemented the world’s most comprehensive
green financial and monetary policy tools (Gupta, Cheng, and Rajan 2023), followed by Asian central banks,
then select Latin American economies (Dikau and Volz 2018; Durrani, Rosmin, and Volz 2020).

Table 4.2: “Green” Monetary and Financial Policies of Global Central Banks, 2021

FINANCIAL Credit Guidance Policy Priority sector lending policy

POLICY . . . . .
Prudential Policy Preferential green capital requirements
Supervisory Policy Climate stress test

Disclosure requirements
Supervisory expectations and guidelines

Survey of practices

MONETARY Collateral Incorporating climate-related criteria for accepting collateral
POLICY . . . -
Credit operations Encouraging green finance
Domestic asset purchases Incorporating climate criteria in own asset management and financial portfolio of

central banks

Foreign asset purchases Incorporating climate criteria in own foreign exchange reserve management
ADDITIONAL Change in mandate Explicit change in de jure mandate of the central bank to include climate change or
POLICIES transition of the economy to net zero

Otbher policies Miscellaneous (green bond guidelines, inclusion of climate-related financial risks in

annual report of central bank, inclusion of ESG risks by financial sector supervisors)

Own funds Own asset and portfolio management by central banks

ESG = environmental, social, and governance.
Source: E-Axes Forum. Green Monetary and Financial Policies (GMFP) Tracker (accessed 30 May 2024).

A “greener” financial sector, combined with deeper financial sector development, enables more
private climate capital. According to Buchner et al. (2023), domestic corporations and financial institutions
(both private and state-owned) provided 91.9% of total climate finance flows in East Asia and the Pacific for
2021 and 2022. Around 96% of these total flows were financed from domestic sources. This is much higher
than the corresponding levels in South Asia during the same period, where 51.4% of total climate finance was
from domestic corporations and financial institutions, of which about 43% was financed from domestic funding
sources. The higher share of climate finance from corporations and financial institutions, as well as from
domestic funding sources, in East Asia is related to the subregion’s more-comprehensive green finance policies
(Figure 4.16). Deeper financial sector development in East Asia has also enabled green finance policies to
supplement climate policies in channeling private climate capital.
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Figure 4.16: “Green” Policies and Regulations in Selected Developing Asian Economies
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Accelerating climate disclosure practice will help strengthen market integrity and attract private
climate capital. Comparable and material climate disclosure leads to more-efficient pricing of climate-related
risks, reduces transaction and compliance costs, and boosts investor confidence by lowering reputational
concerns over greenwashing. Strengthening climate disclosure is an important agenda for developing Asia.
While economies and institutions worldwide are still exploring the adoption of climate disclosure practices,

the region would benefit from accelerating the adoption of globally compatible disclosure practices, including
the ISSB standards, while upholding their integrity as a globally compatible baseline for disclosures. Timely
adoption of climate disclosure helps regional companies to become competitive in attracting global sustainable
capital and increasing their market share because investors and clients increasingly require comparable climate
sustainability data and transition plans (Mortimer and Tian 2024).

Governments need to equip companies with the necessary resources and capacity to accelerate climate
disclosure. ISSB standards have been developed as a globally compatible baseline for businesses of all sizes,
sectors, and regions, but micro, small, and medium-sized enterprises and developing economies face resource
constraints when beginning to implement these standards. An overly demanding climate regulatory regime may
lead to compliance-averse attitudes and regulatory paralysis among market participants. Policymakers must
therefore balance the market integrity gained from accelerating climate disclosure with the regulatory burden
imposed on firms. To address this, the ISSB provides transition standard relief to all entities in the first year of
reporting for certain requirements. Various capacity-building initiatives and resources have been developed for
supporting both regulators and micro, small, and medium-sized enterprises to adopt and meet these climate
reporting requirements (IFRS 2024; ACCA 2024). Implementing climate disclosure, together with market
supervision from institutional investors, can boost market integrity via enhanced market self-regulation.



Governments should address challenges around transition finance to channel more private capital to
relevant activities and projects. As indicated by ICMA (2024) and EY Global Financial Services (2024),

it is important that regional regulators develop aligned or generally agreed definitions of transition finance
and credible transition taxonomies. This can potentially unlock more cross-border financing while expanding
the overall market for transition finance. Unlike green or zero emissions investments, there is no commonly
accepted definition and criteria for differentiating legitimate transition assets from business-as-usual assets.
It means regulators should support the development of detailed technical standards, either in the form of
sectoral technology road maps or transition taxonomies with technical and temporal screening thresholds, to
mitigate the reputational risk concerns of investors, who may fear that investing in hard-to-abate transition
projects will lead to greenwashing accusations (Mortimer and Tian 2024). Governments should guide the
corporate transition plan frameworks and related disclosures so that corporate entities can communicate
with investors to show their transition strategies are feasible and credible based on officially recognized road
maps. To address the lack of economic viability in coal phaseout projects and the shortage of successful
decarbonization demonstrations, governments can use climate policies and public finance resources to
generate incentives, make structural changes in the markets, and de-risk related projects at a sufficient level,
thus fostering greater private sector participation and innovative solutions for decarbonization.

Harmonized taxonomies can facilitate international climate investment. Harmonized sustainable finance
taxonomies could unlock a global private finance pool by reducing transaction costs for investors. One example
is the Common Ground Taxonomy (CGT) of the International Platform on Sustainable Finance, which maps
and compares the commonalities between the European Union Taxonomy and the PRC Catalogue. This
analysis makes a significant initial step toward aligning global standards for green and sustainability definitions.
Although the CGT is not legally binding for the European Union or the PRC, it serves as a valuable tool for
climate financing and investments. By providing a means to compare criteria and thresholds of the two
taxonomies for various economic activities, it helps establish interoperability and promote investment flows.

Some projects face sector-specific challenges of attracting private climate investment. Some sectors
benefit from standardized documents that have been repeatedly used around the world on similar commercial
terms, making it easier for investors to evaluate projects. For example, renewable energy projects benefit

from standardized documents such as power purchase agreements. In addition, loan documentation follows
the templates issued by the Loan Market Association or the Loan Syndications & Trading Association. Such
agreements enable private investors to finance different projects with similar contractual documentation.
Standardization is not prevalent in other sectors, such as flood control and irrigation, which have seen limited
private sector involvement to date (Mik 2024). Meanwhile, some sectors such as renewable energy generation
and electric vehicle manufacture rely on a few critical minerals, namely lithium, copper, cobalt, and rare earths
(Leruth et al. 2022; Hund et al. 2020).22 Hund et al. (2020) estimate that the net zero transition could lead to
a 500% increase in the production of critical minerals. This brings supply challenges due to insufficient mining
capacity. Huge investment costs and lead times of 10-15 years will be needed before the supply of critical
minerals can meet demand (Manalo 2023). Moreover, supplies of critical minerals have been found to be
concentrated in only a few economies (Figure 4.17). Such concentration has exacerbated supply constraints.

2 Forinstance, solar panels and wind turbines use aluminum, copper, silver, silicon, and rare earth metals. Electric vehicles running on
rechargeable batteries require lithium, manganese, nickel, and cobalt for their production. Rare earths are vital in the manufacture of
high-tech semiconductors, batteries, and renewable energy (Leruth et al. 2022).



Figure 4.17: Share of the Top Three Economies in Total Production of Selected Minerals, 2022
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Some climate projects are commercially unviable due to lack of insurance, high upfront costs, and

long payback horizons. Some climate-related projects, due to their very nature, are definitively uninsurable:
other projects may not be insurable in practical terms due to exorbitant premiums and deductibles (Mik 2024).
Repeated losses due to climate-related risk exposure may also lead to the cancellation of insurance. Many climate
investments, especially those that qualify as infrastructure, require sizable investments and time-consuming
feasibility work and preparations to receive permits. For example, upfront capital and financing costs can account
for 70%-80% of the levelized cost of electricity generation for wind projects and 80%-90% for solar photovoltaic
systems (IEA 2020). Many climate projects have long payback periods, sometimes measured in decades, which
do not compare favorably to other investment opportunities, such as listed equities and bonds.

The commercial viability of climate investments can also be weakened by high preparation costs,
socioenvironmental costs, and market risks. Climate-related projects can involve high transaction and
preparation costs, including upstream investments in transmission capacity, construction of new infrastructure,
and land acquisition, among others (Mik 2024). Private developers face opposition from local communities
upset about socioenvironmental impacts, such as disruptions to traffic, changing visual impacts, and noise
and dust (Garcia 2020). Private investors also have to charge risk premiums to cover political risk, regulatory
risk, currency risk, and transfer risk when investing in emerging economies (IEA 2023). Climate-oriented
infrastructure projects face additional risks beyond the conventional risk factors such as politics, currency,
interest rates, land acquisition, and labor relations (IEA and IFC 2023).1* Many climate-oriented projects
produce “public goods”, which do not have a proper business model for private investors because the many
beneficiaries do not pay for services such as flood control (Mik 2024).

13 Seealso International Energy Agency. World Energy Investment 2023.


https://www.iea.org/data-and-statistics/charts/share-of-top-three-producing-countries-in-mining-of-selected-minerals-2022
https://www.iea.org/reports/world-energy-investment-2023

Additional market rigidities prevent private investments in climate-oriented projects. ADB (2023c)
highlights a few market rigidities that disincentivize private investment in climate-oriented projects across
developing Asia. Because the electricity sector in many Asian economies is regulated, tariffs may not be set

based on underlying production costs and this may impact investors’ returns. This scenario weakens the price
correction of carbon pricing as an incentive to make low-carbon investments. Another typical barrier is the
contractual obligation in tenders that commits to using emissions-intensive technologies. For example, long-term
power purchase agreements between utilities and power producers shield existing coal-fired power plants

from market risks with a guaranteed revenue. Investors are confident that they will not become stranded assets
(Trencher et al. 2020). Such long-term obligations reduce the demand for low-carbon projects and disincentivize
investments in decarbonizing activities.

The public sector can increase the viability of climate-oriented projects with intervention such as
structural changes to markets. For example, to improve the commercial viability of renewable energy
projects and incentivize private investment, the public sector has enacted various interventions, such as
purchase mandates, preferential tariffs, super priority in the merit order, unbundling utilities, socialized

costs of connection, and net metering, among other measures. These measures have had a detrimental
impact on the financial performance of vertically integrated public utilities (Mik 2024). The public sector can
strengthen the investment environment to enable private sector participation, by addressing entry barriers and
early-stage challenges to help scale climate-related investment, especially in new technology areas. The public
sector can also work to overcome market rigidities such as long-term power purchase agreements that delay
decarbonizing investments (lyer and Vaze 2024).

Various de-risking instruments can improve the commercial viability of climate projects. Governments,
development banks, and financial institutions can use innovative de-risking financing solutions to alter

cash flow patterns of climate-related projects, thus encouraging different types of private sector investors.
One commonly used solution is blended finance, which is the practice of blending public finance and
philanthropic funding with private capital to reduce the risk exposure of private investors. In practice,
governments provide funding in the form of grants, technical assistance, or concessional financing (debt and
equity) to de-risk the project when investors cannot get their returns. Typical de-risking financial instruments
include first-loss guarantees, minimum-revenue guarantees, credit enhancements or guarantees, junior

or subordinated concessional capital, hedging, quasi-insurance, and partial risk guarantees, among others
(lyer and Vaze 2024; Mik 2024; CISL 2023). These instruments reduce private investors’ risk exposure and
attract investors with different risk-return preferences and mandates, such as traditional and risk-averse private
investors (CSIS 2023). In doing so, blended finance can leverage more private capital and diversify funding
sources for climate investments. Some blended finance schemes also offer nonfinancial levers to help address
barriers to private climate investment, via knowledge sharing and capacity building.



Initiatives set at the global level provide levers to mobilize private climate finance. The first global
stocktake of the Paris Agreement was conducted by the United Nations Framework Convention on Climate
Change in 2023. This vital review highlighted an emissions gap—indicating that current climate commitments
are not aligned with the 1.5°C goal—and underscored the need for system-wide transformations (WRI 2023;
UNFCCC 2023). Nationally determined contributions (NDCs) are slated to be updated in 2025, with a call
to ramp up commitments, and the second global stocktake will take place in 2028. Meanwhile, initiatives
such as the determination of a New Collective Quantified Goal on Climate Finance, the Task Force for the
Global Mobilization Against Climate Change, an initiative under the Brazilian Presidency of the G20, the NDC
Partnership, and the Coalition for High Ambition Multilevel Partnerships for Climate Action all recognize the
need to engage with the private sector to scale up finance and create innovative financing mechanisms.

Voluntary networks are inspiring greater climate commitments from financial institutions and
investors. Global climate networks and coalitions provide a range of support to their members, including
capacity building on net zero policies and regulations, sharing best practices, and setting collective investment
targets. The Glasgow Financial Alliance for Net Zero is a global coalition of 675 leading financial institutions
committed to an accelerated low-carbon transition. The Network for Greening the Financial System, which
started as a collaborative platform for eight central banks, has now grown to 138 members and aims to
enhance the role of the financial system in managing risks and to mobilize capital for green and low-carbon
investments. The Principles for Responsible Investment is an investor-led initiative—with support from the
United Nations Environment Programme’s Finance Initiative and the United Nations Global Compact—
whose 7,000 signatories across 135 economies have committed to fostering good governance and promoting
investments aligned with environmental sustainability.

Multilateral organizations play a catalytic role in mobilizing private finance. The Organisation for
Economic Co-operation and Development (OECD 2023b) reports a $13.54 billion annual average of private
finance leveraged globally from multilateral and bilateral blended finance transactions made across 2016-2020.
Of this amount, 39% or $5.2 billion in private capital was leveraged in Asia, using various mechanisms such

as guarantees, syndicated loans, credit lines, cofinancing, and shares and investments in special or collective
financing vehicles. Collectively and individually, multilateral development banks (MDBs) are serving as catalytic
partners in private sector capital mobilization for climate-oriented projects (Viewpoint Note 2024). They are also
using other modalities, such as policy-based lending, to enable reforms that address policy bottlenecks in private
investment. MDB facilities, such as ADB’s Asia Pacific Project Preparation Facility, provide technical support

and financial resources to strengthen the bankability of projects in developing economies. MDBs are additionally
helping create enabling environments for private investments and build institutional capacities for investment
pipeline development. Through technical assistance and advisory services, MDBs are promoting project pipelines
and modalities suited to private investor appetites and are identifying partnerships with global initiatives to
facilitate climate-oriented projects. Catalytic MDB and public sector support for raising private climate capital

is particularly relevant in economies with less-developed capital markets. Other economies with deeper and
broader capital markets leave more room for private sector engagement.
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Carbon pricing is essential for achieving climate change mitigation in a cost-effective manner.

As discussed in Chapter 1, while developing Asia® has made significant progress, substantial decarbonization
remains a major challenge as the region continues to pursue economic growth. It is therefore crucial for
economies in the region to adopt emission reduction policies that minimize societal costs. By assigning

a price to greenhouse gases (GHGs), carbon pricing creates incentives for businesses to shift from
emissions-intensive products and processes to cleaner alternatives, spurring investment in low-carbon
technologies and encouraging consumers to opt for low-emission goods and services. It helps align market
behavior with climate objectives, making it a powerful and efficient mechanism for reducing GHG emissions
and driving the transition to a low-carbon economy.

Robust evidence confirms that carbon pricing has been one of the most effective measures to reduce
GHG emissions. A major study of 17 established carbon pricing policies found that such systems reduced
emissions by between 5% and 21% in their first few years of operation (Dobbeling-Hildebrandt et al. 2024).
Similar results were also found through empirical analysis across 143 economies, 43 of which had a carbon
price in place. The analysis showed that an additional price of €1 per metric ton of carbon dioxide (CO,)
helped reduce subsequent annual emissions growth by approximately 0.3 percentage points (Best, Burke,
and Jotzo 2020). However, the performance of carbon pricing varies depending on the economy, sector,
and policy environment being assessed (IPCC 2022).

There is a broad range of carbon pricing instruments available to governments. Subsidies for producing
or consuming fossil fuels, as well as certain agricultural practices, can act as negative carbon pricing, which
further encourages GHG-emitting activities. There are, however, a variety of carbon pricing instruments that
discourage GHG emissions. The two primary instruments are carbon taxation and an emissions trading system
(ETS), with both being cost-effective policy instruments for achieving environmental goals. Both can provide
a clear carbon-price signal, either in terms of the cost (tax) of future emissions or the quantity of expected
emissions reductions. They can also generate additional revenue for governments, which can then be used

to support sustainable economic growth and “green” investment. International carbon markets, comprising
both compliance and voluntary markets, can also help reduce emissions cost-effectively by leveraging the
differences in abatement costs across economies.

Momentum is growing for the use of carbon pricing in the Asia and Pacific region.? Across the region,
eight national carbon pricing initiatives had been implemented or were pending implementation at the time
of publication. Japan and Singapore both employ carbon taxes, while Australia, the People’s Republic of
China (PRC), Indonesia, Kazakhstan, the Republic of Korea (ROK), and New Zealand have all implemented
a national ETS. Subnational ETSs are also employed by local jurisdictions in Japan. The Philippines, Thailand,
and Viet Nam are considering adopting a domestic ETS, while India is developing a domestic national carbon
market. Momentum is also growing for economies in the region to take advantage of international carbon
markets, through both emerging compliance markets under Article 6 of the Paris Agreement on Climate
Change and the voluntary carbon market.

The choice of instruments, and their combination, depends on a jurisdiction’s goals and circumstances.
This chapter discusses recent developments, best practices, and latest insights with regard to different carbon
pricing policies, taking into account the regional context. To some extent, the design and implementation of
carbon pricing policies are more important than the choice between the instruments.

1 In this chapter, developing Asia refers to the 46 developing members of ADB.
2 Inthis chapter, Asia and the Pacific refers to the 46 developing members of ADB, along with Australia, Japan, and New Zealand.

This chapter was written by a team of ADB staff consisting of Sanchita Basu-Das, Virender Kumar Duggal, Neil Foster-
McGregor, Yi Jiang (lead author), Jong Woo Kang, Kijin Kim, and Manisha Pradhananga.



Carbon Pricing as a Key Policy for Climate Change Mitigation [RE¥]

5.2 Fossil Fuel Subsidies as Negative Carbon Pricing
5.2.1 High Public Financial Support for Fossil Fuels

In 2022, developing Asia provided $600 billion in public financial support for fossil fuels. Acting as

a negative carbon price and reinforcing dependence on fossil fuels, this support included $440 billion in
subsidies, at least $146 billion in capital investments by state-owned enterprises (SOEs), and $14 billion

in international public finance (Figure 5.1). Together, this made up about a quarter of total global financial
support to fossil fuels, which exceeded $1.9 trillion in 2022.3 Public financial support for fossil fuels increases
GHG emissions in two ways. First, subsidies for consumption directly reduce prices through measures such
as price caps, direct transfers, and tax cuts, leading consumers to use more fossil fuels than they otherwise
would. Second, support for new fossil fuel production capacity, for example by SOEs, incentivizes lock-in of
new emissions-intensive infrastructure that must operate for many decades to recoup investments, creating
“stranded asset” risks and slowing the transition to clean energy. A majority of fossil fuel subsidies in 2022
($429 billion) were directed toward consumption, particularly that of electricity (43%)* and petroleum
products (32%). Figure 5.2 shows that Kazakhstan, the Kyrgyz Republic, Tajikistan, Timor-Leste, and
Uzbekistan dedicated a substantial share of national resources to fossil fuel subsidies in 2022.° Production
subsidies amounted to around $11 billion, but this is likely to be an underestimate given many subsidies are
undocumented or unqualified.

Figure 5.1: Public Financial Support for Fossil Fuels in Developing Asia, 2015-2022
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Sources: International Institute for Sustainable Development and Organisation for Economic Co-operation and Development. 2024. Fossil Fuel
Subsidy Tracker (accessed 29 May 2024); Laan, T.,, A. Geddes, N. Do, L. Cameron, S. Goel, and N. Jones. 2023. Burning Billions: Record Public Money
for Fossil Fuels Impeding Climate Action. Energy Policy Tracker; and Oil Change International 2024.

3 Subsidies of $1.52 trillion (I1SD and OECD 2024) plus capital investments by SOEs and lending from international public financial
institutions, which totaled $0.35 trillion and $0.02 trillion, respectively, in G20 countries alone (Laan Geddes, Do, et al. 2023).

4 Electricity is considered a fossil fuel subsidy because the majority is generated from coal and natural gas.
Estimates of fossil fuel subsidies in this report include the use of the “price-gap” approach, which compares the end-use prices paid by
fuel consumers with reference prices (such as import-parity prices). However, the ability to earn export or import-parity prices is often
hindered by lack of sufficient export infrastructure, e.g., for natural gas and electricity from West and Central Asia.
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Figure 5.2: Fossil Fuel Subsidies in Developing Asia, 2022
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FFS = fossil fuel subsidy, GDP = gross domestic product, Lao PDR = Lao People’s Democratic Republic.
Note: Population and GDP data were retrieved from the World Bank Data Repository (2023).
Source: International Institute for Sustainable Development and Organisation for Economic Co-operation and Development. 2024. Fossil Fuel

Subsidy Tracker (accessed 29 May 2024).

SOEs, which dominate the supply of energy in developing Asia, are critical to the energy transition.
SOEs account for about 60% of energy investments in developing economies, compared to just 9% in
developed economies. They especially dominate investment in fossil fuels and related networks in developing
economies, accounting for 59% and 93% of total investment, respectively (IEA 2020). A review of governments
in G20 economies found that, in 2022, SOEs invested $348 billion in capital expenditure in coal, natural gas,
and oil. The PRC, India, Indonesia, and the ROK accounted for over a third of this investment, totaling more
than $146 billion. However, actual SOE investment in fossil fuels is likely much higher due to the lack of a
global dataset and poor transparency.

Continued investment in fossil fuel assets is a financial as well as a climate risk. Carbon pricing and
“carbon border adjustment”® are expected to increasingly impact demand for carbon-intensive products
(ADB 2024). Investment in fossil fuels could therefore lead to stranded assets, which is a risk to taxpayers,
given these are public assets. Conversely, SOEs can adopt carbon-reduction goals that bring huge investment

6 Carbon border adjustment is based on the premise that introducing carbon pricing in a jurisdiction provides an unfair advantage to
imports from economies that are not subject to carbon prices. This could lead to higher demand for emissions-intensive imports.
To prevent this carbon leakage, an adjustment is imposed on imports to ensure they are subject to a similar carbon price as domestically

produced products.
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opportunities to benefit both investors and the state (Fang and Jialu 2023). They can develop and implement
evidence-based diversification strategies, and increase transparency about their investments, ambitions,

and progress. This would be aligned with their institutional mandates, which typically go beyond the profit
maximization of private sector counterparts, to include commitments to national energy security and social
welfare. SOEs in the PRC, India, and Indonesia have responded to their governments’ renewable and net zero
ambitions, establishing road maps and investment packages for the deployment and integration of renewable
energy sources (Fang and Jialu 2023; Tobing 2022; PLN 2021; Laan, Geddes, Bois von Kursk et al. 2023;
Viswanathan et al. 2022).

Despite commitments to reform fossil fuel subsidies, progress has been slow. All developing economies
in Asia and the Pacific have pledged to rationalize and phase out inefficient fossil fuel subsidies that encourage
wasteful consumption through their participation in Asia-Pacific Economic Cooperation (APEC), the G7,

the G20, or the United Nations (APEC 2021; G7 2022; G20 2021; UNDESA n.d.). However, as noted by van
Asselt et al. (2023), only 29 of the 198 Parties to the Paris Agreement, including 12 from developing Asia,
contain a reference to fossil fuel subsidy reform in their nationally determined contributions. Fossil fuel subsidy
reforms have been slow, partly due to loopholes in current international commitments, including a lack of
clear timelines.” Before the energy crisis initiated by the Russian invasion of Ukraine, several developing Asian
economies—notably Bangladesh, India, Indonesia, and Sri Lanka—had made progress on removing fossil fuel
subsidies or increasing taxation. Box 5.1 explains relevant achievements in India and Indonesia, although some
of this progress has been undermined by the reemergence of subsidies in both countries.

Fossil fuel subsidies tend to disproportionately benefit higher-income consumers. Fossil fuel subsidies
for consumers are frequently justified as delivering universal energy access, being used as a form of social
support, particularly in economies without alternative social welfare systems, and during periods of high energy
prices. During the energy crisis in 2021-2022, many governments tried to shelter consumers from record-high
fossil fuel prices, but only some of this support targeted vulnerable consumers (Sgaravatti et al. 2023;

IEA 2023). Coady, Flamini, and Sears (2015) find that only $1 of every $10 in gasoline subsidies and $1 of
every $30 in liquefied petroleum gas subsidies went to the bottom 40% of households in Asia and the Pacific.
Evidence suggests that a more-effective policy to address cost-of-living pressures linked to energy pricing

in the short term is through direct cash transfers to vulnerable households and targeted subsidies for critical
energy services (Ari et al. 2022). Furthermore, examples in India and Indonesia show that a carefully designed
and implemented phaseout of fossil fuel subsidies can result in the redirection of resources to social welfare,
health, education, and clean infrastructure.

Governments can tackle subsidy reform by learning from successful international experiences. To

act on fossil fuel subsidy reform, governments should develop national targets to align public resources with
climate commitments, supported by detailed road maps tailored to local circumstances, evidence-based
strategies, and firm deadlines for implementation. International experience in this area indicates that a

reform plan should be based on inputs from appropriate government agencies and consultation with relevant
stakeholders. A clear communication strategy to publicize the benefits of reform helps build political and
public support. The appropriate pace of reform will be based on the type of subsidy, prevailing energy prices,
and national circumstances. Finally, pricing mechanisms and SOEs need to be reformed to ensure subsidies do
not reemerge (Beaton et al. 2013; Coady et al. 2013).

7 All current agreements refer to the phaseout of “inefficient” subsidies, but there is no universally endorsed definition of what makes a
subsidy “inefficient” (OECD and IEA 2021). In addition, aside from the G7, which has committed to reform “inefficient” subsidies by
2025, all other commitments lack specific deadlines.



Box 5.1: Fossil Fuel Reform in India and Indonesia

India: Shifting Support from Fossil Fuels to Clean Energy

Since about 2010, India has made noteworthy progress on fossil fuel subsidy reform through a calibrated “remove”,
“target”, and “shift” approach (Bridle et al. 2019; Raizada et al. 2024). By carefully balancing the combined effect of three
key policy levers—retail prices, tax rates, and subsidies on selected petroleum products—the country was able to reduce
its fiscal subsidy in the oil and gas sector by 85%, from an unsustainable peak of $25 billion in 2013 to $3.5 billion in 2023
(Jain 2018; PPAC 2024; Raizada et al. 2024). India gradually phased out the subsidy on petrol and diesel (from 2010 to
2014) and carried out incremental tax increases (from 2010 to 2017), which created fiscal space to increase government
support for renewable energy, electric vehicles, and strengthening of electricity infrastructure. The additional tax revenues
from increases in excise duty on petrol and diesel from 2014 to 2017, a period of low international crude oil prices, were
also redirected to improve access and target subsidies for expanding the use of liquefied petroleum gas (LPG) among the
rural poor (Laan, Sharma, and Beaton 2018). Subsidies for LPG have since grown and may now require efforts to improve
targeting and to incubate non-fossil-fuel cooking alternatives.

From 2010 to 2017, the Government of India introduced a cess (tax) on coal production and imports. Around 30% of the
cess collections were channeled to a national clean energy and environment fund that supported clean energy projects and
research (Government of India 2017). The cess significantly contributed to strengthening the budget of India’s Ministry

of New and Renewable Energy during 2010-2017 and provided the initial funds for the country’s Green Energy Corridor
scheme and its National Solar Mission, which helped bring down the cost of utility-scale solar energy and fund many
off-grid renewable energy solutions. However, with the introduction of the goods and services tax (GST) in India after
2017, the cess on coal production and imports was subsumed within the country’s GST compensation cess, the flows of
which were redirected to compensate states for revenue losses associated with the new tax regime (Garg et al. 2020).

As aresult of India’s subsidy reforms and taxation measures, the country’s fossil fuel subsidies plummeted from 2014 to
2018, as shown in the figure below. Its renewable energy subsidies also reached a peak in 2017 but are now once again
growing, with major support schemes targeting solar parks, state-owned enterprises (SOEs), and distributed renewable
energy (Aggarwal et al. 2022).

India’s Subsidies for Fossil Fuels and Clean Energy, 2014-2023
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Source: Raizada, S., D. Sharma, T. Laan, and S. Jain. 2024. Mapping India’s Energy Policy 2023: A Decade in Action. International Institute for
Sustainable Development.

Indonesia: Shifting Support from Fossil Fuels to Social Protection

Declining oil production and mounting subsidy bills when fossil fuel prices spiked led the Government of Indonesia to
implement major reforms in 2005, 2008, 2013, and 2014. In 2014, Indonesia implemented measures to reform fossil fuel
subsidies, taking advantage of falling world oil prices. These measures included the removal of all gasoline subsidies except
for distribution costs outside the Java-Madura-Bali area. Price caps on diesel were replaced with a fixed subsidy, allowing
diesel prices to fluctuate according to international prices but remaining Rp1,000 per liter below the market price. This
policy resulted in a saving for the government of roughly $15.6 billion—over 10% of Indonesia’s annual expenditure in 2015.

continued on next page
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Box 5.1 continued

A comparative analysis conducted by the International Institute for Sustainable Development demonstrates that the
savings appear to have been reallocated to regional governments and villages, special programs in health insurance, housing
for low-income groups, improved water access for all, and infrastructure investments by SOEs (Pradiptyo et al. 2016).

Despite Indonesia’s efforts to reform its policies on fossil fuels, subsidy levels have surged again. From 2016 to 2020,

the number of support measures for the Indonesian energy sector steadily increased, with a sharp rise in 2020, largely
attributed to economic recovery packages that were mostly directed toward bailing out SOEs (EPT 2024). Most of
Indonesia’s support for fossil fuels comes from the government compensating the SOE Pertamina for the low retail prices
it sets for gasoline, diesel, and some sales of LPG and kerosene (OECD 2023; Suharsono et al. 2022). This compensation
rose sharply in response to the global energy crisis in 2021-2022, which induced a sharp increase in global prices of fossil
fuels. As shown in the figure below, Indonesia spent around $50 billion in 2022 to support fossil fuels, an increase of
nearly $35 billion on the amount spent in 2020 (IISD and OECD 2024).

Indonesia’s Fossil Fuel Subsidies, 2010-2022
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Source: International Institute for Sustainable Development and Organisation for Economic Co-operation and Development. 2024. Fossil Fuel
Subsidy Tracker (accessed 29 May 2024).
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Reforms need to be complemented by policies to protect vulnerable consumers. Policy reforms around
fuel subsidies may not be politically viable unless they also address a wide array of social goals. Removing
subsidies can sometimes cause hardship for vulnerable populations and businesses and below-market fossil
fuel prices are often seen as part of the social contract in many energy-producing economies (McCulloch
2023). Governments therefore need to identify vulnerable groups and businesses, anticipate impacts, and
develop targeted assistance measures and compensation (such as cash transfers funded by subsidy savings)
to address these impacts. In addition, some temporary financial support for the middle classes may also be
needed to reduce the likelihood of political backlash. A commitment to reinvest subsidy savings in education,
health, or cash transfers has been seen to double public support for subsidy reform (World Bank 2023a).

Subsidies for agriculture and land use drive emissions and environmental degradation. After the energy
sector, agriculture and land-use change combine as the second-largest source of GHG emissions, accounting
for a quarter of all emissions worldwide. Globally, agriculture subsidies reached a historical high of $851 billion
per year for 2020-2022, a 2.5-fold increase from the levels of 2000-2002 (OECD 2023). The PRC and India
accounted for 36% and 15%, respectively, of global agriculture subsidies in 2020-2022. About 74% of global
agriculture subsidies go to producers in the form of market price support (such as import tariffs and other
border measures) or payments for use of inputs (such as fertilizers and improved seeds). In parts of Asia,
agriculture input subsidies have promoted such excessive overuse of fertilizers that yields have fallen and water
pollution through increased nitrogen runoff has increased (World Bank 2023b). Similarly, subsidies that lower
the price of electricity, diesel, and water for irrigation have promoted overuse and led to methane emissions,
especially from rice cultivation (Rahut et al. 2023; Giardino, Wilson, and Hart 2023). Rice receives the highest
share of subsidies among all commodities and is one of the top three sources of agriculture’s GHG emissions
(OECD 2023). In some economies of developing Asia, state concessions in forest areas have effectively
subsidized deforestation and increased both emissions and environmental degradation (ADB 2023a).

Agriculture subsidies are poorly targeted and exacerbate existing inequalities. Most agriculture subsidies
accrue to wealthier farmers, even when programs are designed to target the poor (Ricker-Gilbert and Jayne
2016; World Bank 2023b). Consumer subsidy programs usually require significant out-of-pocket expenditure
by recipients, which discourages participation from lower-income households. Meanwhile, producer subsidies
tend to scale with levels of production, which means a disproportionate share goes to larger producers.

Reforming and repurposing agriculture subsidies can help farmers adapt to climate change. A majority
of agriculture subsidies are concentrated in market-distorting measures such as market price support and use
of inputs, while the share of subsidies that support research and development, extension services, innovation,
and infrastructure is small and declining (OECD 2023). Investment in these areas has the potential not only
to reduce emissions and environmental degradation but also to enhance the ability of farmers to adapt to the
changing climate. Similar to the scenario with fossil fuels, agriculture subsidy reform should be based on a
transparent process and multistakeholder consultation, with a clear communication strategy. It should also
entail measures for those who face losses, such as cash transfers that target vulnerable people (OECD 2023;
FAO, UNDP, and UNEP 2021).



In Asia and the Pacific in 2024, only Japan and Singapore had implemented a national carbon tax.
Japan began imposing a carbon tax in 2012, based on CO, emissions from the combustion of fossil fuels
across all sectors. Japan’s carbon price has been steady at ¥289 per metric ton of CO, equivalent (tCO,e)
since 2016. However, the Government of Japan provides exemptions and refund measures for specific fossil
fuels used in the agriculture, energy, industry, and transport sectors. Singapore started imposing a carbon
taxin 2019, targeting facilities in the energy, manufacturing, waste, and water sectors that directly emit at
least 25,000 tCO,e per year. Singapore has followed a phased approach to increasing carbon prices. Initially
set at S$5 per tCO,e in 2019, the price increased to S$25in 2024, and is set to increase further to S$45 by
2027 and to as much as S$80 by 2030. In Japan and Singapore, revenues collected from carbon taxes will
fund government decarbonization efforts, including investments in low-carbon technologies and practices
and implementation of energy efficiency measures. In Singapore, revenues will also be used to cushion the
impact of the carbon tax on businesses and households. From 2024, companies may use eligible international
carbon credits to offset up to 5% of their taxable emissions. While carbon taxation is under consideration by
more governments in the Asia and Pacific region,® questions remain regarding policy design, macroeconomic
implications, and impacts of a carbon tax on an economy’s international competitiveness.

Carbon taxation presents a compelling strategy for cost-effectively reducing GHG emissions. By letting
polluters decide how to reduce their emissions, a carbon tax ensures that the reduction methods chosen

are those that minimize costs, making it an economically efficient solution. Another primary argument for
carbon taxation is its ability to raise substantial government revenue. In some cases, it can even be a more
efficient revenue source than other types of taxation, making it a worthwhile policy consideration even if GHG
emissions were not a concern. The revenue generated can be used to support public goods and services or to
offset other taxes.

When designing a carbon tax, several elements must be considered. These elements include the tax rate, its
coverage, use of the revenue, and the point of enforcement. The economic principle for setting the rate of a carbon
tax is to align it with the harm caused by GHG emissions. Recent estimates suggest that the cost of the marginal
damage from each extra metric ton of GHG emissions is around $200 (Rennert et al. 2022), although there is
considerable uncertainty and controversy over this figure. Prior to that, the best estimate was about $40 per metric
ton. This significant shift highlights the evolving understanding of how GHGs impact the economy.

Even low rates of carbon taxation can deliver significant environmental benefits. Despite the ideal of
setting the carbon tax rate at $200 per metric ton, such a rate may be politically challenging, especially in
low-and middle-income economies. Therefore, alternative approaches could include setting a tax rate to meet
specific emissions targets, such as those in the Paris Agreement, or coordinating tax rates with neighboring
nations and major trading partners. The most realistic approach, however, is setting a tax rate based on

what is politically feasible, because even relatively low tax rates can lead to substantial emissions reductions.
For example, a modeling exercise shows that a carbon tax of $12 to $15 per metric ton could achieve emissions
cuts similar to those expected from the Inflation Reduction Act in the United States (Bistline, Mehrotra,

and Wolfram 2023).

8 Taipei,Chinais set to impose a carbon fee in 2024, which targets electricity and manufacturing facilities that emit more than
25,000 tCO,e of GHG. The government has not set the fee rate but has announced that preferential pricing will be provided to
entities with approved emissions reduction plan.



In principle, all GHG emissions should be taxed based on their relative warming potential. Process
emissions, such as those from cement production, and emissions of non-CO, gases such as methane and
nitrous oxide, are hard to monitor and measure. Land-use changes, such as deforestation, also present
significant challenges. Given these difficulties, most economies have initially focused on energy-related
CO, emissions. This focus poses dilemmas for economies where other sources are significant contributors
of emissions. For example, in Indonesia, land-use change is a major emissions source that needs addressing
despite the monitoring challenges.

Economic reasoning suggests that revenue from carbon taxation should be redirected to the
highest-value public uses. Such uses might include offsetting distortionary taxes, compensating households
through direct rebates or tax cuts, supporting affected industries, addressing trade and competitiveness issues,
funding infrastructure development, or financing new environmental initiatives. The optimal use depends on
specific context of an economy. In any case, the carbon tax revenue should not be treated differently from
other public revenues just because it comes from protecting the environment.

The easiest method for enforcing a carbon tax is to tax fossil fuels upstream. This method involves taxing
coal, oil, and natural gas at natural “choke points” in the supply chain, such as import points or refineries.

This approach simplifies enforcement by focusing on a small number of entities, minimizing opportunities

for tax evasion and avoidance. It has considerable advantages for lower- and middle-income economies in
particular, as these economies usually have large informal sectors and limited enforcement capacity. However,
this approach only works for energy-related CO,. Other emissions, such as process emissions and non-CO,
gases, must be enforced downstream, where the actual emissions occur, which complicates enforcement.

Implementing a carbon tax policy presents several significant challenges. The most prominent of these
challenges are concerns around distributional impacts, uncertainty on emissions reductions, and international
trade and competitiveness (covered later in this chapter). These issues need careful consideration and
strategic responses to ensure the policy’s effectiveness and fairness.

A carbon tax may have regressive effects, potentially harming low-income households. This scenario is
largely due to the increased costs of energy goods, which are often necessities. However, the regressive nature
of a carbon tax may be less severe than initially perceived. Many of the effects of a carbon tax occur through the
prices of other goods, some of which are much less regressive. For instance, higher prices for air travel primarily
impact wealthier consumers. Moreover, even the energy price effects may be less regressive in developing
economies than in the developed economies because what is considered a necessity, such as cars in the

United States, might be viewed as a luxury in lower- and middle-income jurisdictions. Meanwhile, the income
effects of a carbon tax might be progressive. Evidence from high-income economies indicates that a carbon tax
tends to reduce capital income more than labor income, and capital income is mainly accrued by higher-income
households. This progressive income effect can offset some of the regressive impacts on consumption.

The potentially regressive impacts of a carbon tax can be balanced by appropriate use of revenue.

The first option under such a strategy is through per capita rebates that distribute the revenue generated from
the carbon tax equally among all citizens. Another option is income-targeted transfers, i.e., direct financial
assistance to low-income households to offset increases in energy costs. Tax revenues can also be used to fund
anti-poverty initiatives that support low-income communities. Last, reducing other regressive taxes can also
help alleviate the financial burden on vulnerable households. Concerns about specific industries or firms can
be addressed through output-based rebating or marginal exemptions. These measures might reduce policy
efficiency slightly, but they can effectively mitigate undesirable distributional effects at a relatively low cost.



Imposing a carbon tax may not provide certainty on emissions reductions. Carbon taxes provide price
certainty, but they leave emissions levels variable. If emissions certainty is a major concern, an adjustment
mechanism can be introduced whereby tax rates are adjusted according to a target emissions path. If emissions
are above target, the carbon tax rate is increased and vice versa. Although this approach sacrifices some price
certainty, it helps stabilize emissions by creating a hybrid policy between a fixed carbon tax and an emissions
trading system (ETS).

It has been mooted that a carbon tax could hinder economic growth. When considering adoption of a
carbon tax, a key question is the potential impact on the broader economy, particularly on economic growth,
inflation, and employment. Understanding these macroeconomic implications is crucial for designing an
effective and sustainable carbon tax policy.

Economic analysis suggests the economic impacts of a carbon tax are moderate. Model-based
simulations indicate that the impact of a carbon tax on economic growth is likely to be small and could even

be slightly positive (Goulder and Hafstead 2013; Lu, Tong, and Liu 2010; McKibbin et al. 2015). The effect
tends to be more positive if the carbon tax is applied upstream, meaning at the point of fossil fuel extraction

or import, and if the revenue generated is used to reduce other inefficient taxes. The primary impact of a
carbon tax is not to reduce growth but to shift the economy from high-carbon to low-carbon activities, thereby
affecting the carbon intensity of the economy rather than overall gross domestic product. Empirical research on
existing carbon pricing strategies shows that established mechanisms have not significantly impacted economic
growth rates once implemented (Képpl and Schratzenstaller 2023). Studies consistently find no large positive
or negative effects on economic growth, with confidence intervals centered around zero, indicating minimal
impact (Bernard, Kichian, and Islam 2018; Metcalf and Stock 2020). However, it should be noted that results
may change if evaluations are done over longer time frames, focus on high rates of carbon taxation, and/or take
into account international interactions. For instance, modeling of global economic impacts up to 2050 shows
that boosting green investment using a combination of climate mitigation policies, including carbon pricing,
can increase global output for the first 15 years, but output reverts below baseline levels once the impacts
associated with stimulating investments wear off (Jaumotte, Liu, and McKibbin 2021).

Another concern is the potential for a carbon tax to drive inflation. However, evidence suggests that there
are no significant inflationary effects following the implementation of a carbon tax. This finding is somewhat
surprising, as economic models typically suggest that a carbon tax would pass through to consumer prices,
potentially raising overall price levels. Research by Konradt and Weder di Mauro (2023) indicates that potential
price increases are either offset by other factors or do not materialize as expected, leading to no significant
change in inflation. The study suggests that proper redistribution of revenue and appropriately calibrated
central bank interventions can neutralize any inflationary pressure from carbon pricing policies.

A key issue is that a carbon tax can impact employment, particularly in energy-intensive industries.
While there may be job losses in carbon-intensive industries, these are often offset by employment gains

in low-emissions sectors, resulting in a net shift rather than a net loss of jobs (Yamazaki 2017; Shapiro and
Metcalf 2023). Nevertheless, this job shift can pose challenges for workers in affected industries. To mitigate
these effects, it is advisable to preannounce or phase in the carbon tax, allowing more time for the labor market
to adjust. Additionally, implementing policies that provide compensation or retraining for workers in impacted
sectors can help ease the transition.



It is vital that politicians and the general public be united in their climate ambitions. Perhaps the most
formidable challenge facing the widespread adoption of a carbon tax is securing sufficient political will and
gaining public acceptance. Unlike technical feasibility, political and societal readiness can be unpredictable.
These challenges can be navigated through strategically planned measures such as rebates to vulnerable
households, transition assistance for affected industries, clear and transparent preannouncements on
policy, and gradually phasing in the tax regime. However, despite these efforts, significant resistance from
various stakeholders can remain, which is when implementing an ETS becomes a viable alternative for many
economies, as discussed in Box 5.2.

Box 5.2: Carbon Taxation Versus Emissions Trading System

A carbon tax and an emissions trading system (ETS) are two main carbon pricing policy instruments. In an ideal world, they
are equivalent in efficiently achieving environmental objectives. However, in practice, there are some notable differences
between the two policies.

The first major advantage of carbon taxation over an ETS is the price certainty. A carbon tax provides a clear and
predictable price path for greenhouse gas (GHG) emissions. This predictability is crucial for businesses as they plan long-
term investments. Knowing the future cost of GHG emissions allows companies to make informed decisions without the
risk of facing volatile prices that could drastically change in a short period. This stability is especially valuable for capital-
intensive industries where investment horizons span several years.

Another key benefit of a carbon tax is its relative simplicity and transparency. Unlike an ETS—which requires complex
trading mechanisms, continuous cap-setting, allocation mechanisms, and monitoring of trades—a carbon tax is
straightforward to implement. It clearly outlines the costs associated with GHG emissions, making the financial flows
easy to track and understand. This transparency simplifies the process for both the government and businesses, reducing
administrative burdens and enhancing public trust in the system.

A carbon tax can also generate substantial revenue for the government and this revenue can be used to fund various public
services or offset other taxes. While ETSs can also generate revenue if permits are auctioned, this is not inherently built
into the system: in reality, most emissions permits are given to emitters for free.

Furthermore, the implementation of a carbon tax via the relevant tax authority offers a distinct advantage in lower- and
middle-income economies. By leveraging the existing infrastructure and expertise of tax authorities, a carbon tax can
be more effectively enforced, ensuring better compliance and outcomes. By contrast, environmental ministries in these
economies may lack the necessary capacity and resources to build and regulate an ETS.

However, ETSs do have several notable advantages over carbon taxation, particularly in terms of emissions certainty.
An ETS provides a clear limit on emissions by setting a cap, allowing the market to determine the price of emissions
permits. This approach ensures that total emissions remain within a predefined limit, which can be set to meet specific
environmental targets.

Distributional flexibility is another significant advantage of an ETS. The allocation of permits can be adjusted to support
particular groups or industries, allowing targeted economic support while still adhering to overall emissions limits. While
similar effects can be achieved with tax rebates in a carbon taxation system, the inherent design of an ETS makes such
adjustments more straightforward. Additionally, the allocation of permits can be done discreetly, without drawing public
attention to the redistribution of resources. This can be advantageous in situations where explicit financial transfers might
be politically sensitive or controversial.

However, broadly speaking, these two carbon pricing policies are more similar than they are different, with both
approaches sharing the common goal of reducing GHG emissions and mitigating climate change at the lowest economic
cost. Design and implementation features probably matter more than the carbon taxation versus ETS debate.

Source: Authors.



5.4 Build and Connect Emissions Trading Systems
5.4.1. Emissions Trading System Practices in Asia and the Pacific

Of the 13 national ETSs established worldwide by 2024, six are in the Asia and Pacific region.” National
ETSs of various types operate in Australia, the PRC, Indonesia, Kazakhstan, the ROK, and New Zealand.

New Zealand’s ETS dates back to 2008 and is the second oldest in the world.*° It was followed by Kazakhstan
and the ROK in 2013 and 2015, respectively. By 2016, the PRC had initiated pilot ETSs in eight cities't and
established a nationwide ETS in 2021. Australia does not have a formal ETS, but has operated a mandatory
baseline-and-credit system since 2023.%2 Indonesia’s ETS commenced in 2023.

The region’s six national ETSs differ in terms of their ambitions and implementation. All of them,
however, are central to meeting the GHG mitigation commitments of their respective countries: to achieve net
zero by 2050 for Australia, the ROK, and New Zealand; and by 2060 for the PRC, Indonesia, and Kazakhstan
(Table 5.1). In addition, all of these economies are also aiming for significant GHG reductions by 2030. This

is noteworthy especially for the PRC, Indonesia, Japan, the ROK, and Australia, which are the world’s first,

sixth, seventh, 13th, and 15th largest emitters of GHGs, respectively (European Commission 2024). In terms

of scope and coverage, the ROK’s ETS is the most comprehensive, as it includes all of the GHGs nominated in
the Kyoto Protocol. New Zealand’s ETS is also comprehensive, though it excludes biogenic methane, which is a
major emissions category for that jurisdiction. Most of the other national ETSs focus primarily on CO, emissions.
The share of total emissions covered by ETSs ranges from a low of 26%-29% (Australia and Indonesia) to a high of
88.5% (ROK). The ROK and New Zealand have the most comprehensive coverage in terms of sectors, while the
other systems mostly focus on the energy sector, a major source of CO, emissions.

There is very little auctioning of emissions allowances in any ETS in Asia and the Pacific. Allowances
within the region’s ETSs are mostly given for free, especially for emissions-intensive and trade-exposed
industries. In New Zealand’s ETS, 54% of allowances were offered for auction in 2022, but none was sold,
since the clearing price was lower than the reserve price (ICAP 2022). With regard to allowance markets, only
two ETSs (the ROK and New Zealand) had a long enough time series for prices.'* Allowance prices have been
low in the ROK and moderate in New Zealand, especially as compared to the ETS of the European Union (EU)
as shown in Figure 5.3. Additionally, in line with the experience of the EU’s ETS, allowance prices in the ROK
and New Zealand have shown volatility. In the latter, prices fell to practically zero ($2) in 2013—soon after
the announcement delinking the New Zealand ETS from Kyoto markets—but prices have been mostly rising
since then.

9 The 13 national ETSs worldwide are found in Australia, Austria, Canada, the PRC, Germany, Indonesia, Kazakhstan, the ROK, Mexico,
Montenegro, New Zealand, Switzerland, and the United Kingdom.

10 The first ETS for GHGs was the European Union’s ETS in 2005. Box 5.3 provides a brief overview of the EU's ETS.

T The eight cities are Beijing, Chongging, Fujian, Guangdong, Hubei, Shanghai, Shenzhen, and Tianjin.

12 Unlike an ETS, in a baseline-and-credit system there are no emission caps. Firms below a given baseline can generate and sell credits to
other firms that exceed the baseline.

13 The PRC’s ETS market is nascent, but data for 2 years are shown in Table 5.1. Kazakhstan’s ETS had stops and starts and allowance
prices are not significantly different from zero (Table 5.1, row 10).
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Table 5.1: Main Features of National Emissions Trading Systems in Asia and the Pacific

Australia

1. GHG reduction By 2030:

targets for
the country

2. YearETS
introduced

3. GHGs covered

4. Covered
emissions (%
total emissions
and year)

5. Emissions
subject to ETS

6. Sectoral
coverage

7. No. of
obligated
entities/firms
(year)

8. Allowance
allocation

9. Compliance
period

10. Average prices
(2023)

439% below 2005
levels

By 2050:
Net zero emissions

2016

CO,, CH,, N,O,
SF, HFCs, PFCs

26% (2020)

137 MtCO,e

Waste, Domestic
Aviation,
Transport,
Industry

215 (2023)

Set up on the basis
of production
levels multiplied
by an emission
intensity value

Annual

PRC

By 2030:
65% below 2005
levels

By 2060:
Carbon neutrality

2021

co,

40% (2021)

5,200 MtCO,e
(approx.)

Power

2257
(2021-2022)

Output based
benchmarking for
4 benchmarks:
conventional

coal plants

below 300 MW;
above 300 MW;
unconventional
coal and

natural gas.

Free allocation
currently.

Annual

Secondary market:
CNY68.35
($9.65)

Indonesia

By 2030:
31.9% below BAU

By 2060:
Climate neutrality

2023

CO,, CH,, N,0

29% (2023)

Power

63 entities,
146 installations
(2024)

Auctioning, and
benchmarking

Annual

Auction: Rp10,000
($0.64)

Secondary market:
Rp69,600 ($4.45)

Kazakhstan

By 2050:

40% reduction
in energy sector
emissions from
2012 levels.

By 2060:
Carbon neutrality

2013

co,

47% (2021)

160 MtCO,e

Industry, Energy

128 companies
(201 installations)

Free allocation
(benchmarking
and
grandparenting
approach)

Annual

Secondary Market:

T473 ($1.04)

ROK

By 2030:

At least a 35%
reduction below
2018 emissions

By 2050:
Carbon neutrality

2015

CO,, CH,, N,O,
SF, HFCs, PFCs

88.5% (2021)

599 MtCO,e

Waste, Domestic
Aviation,
Transport,
Buildings,
Industry,

Energy

804 (2023)

Free allocation
(benchmarking
and
grandparenting
approach) and
auctioning

Annual

Auction: W10,672
$8.17)

Secondary market:
W9,999 ($7.66)

New Zealand

By 2030: 50%
reduction of net
emissions below
gross 2005 levels

By 2050: Reduce
net emissions of
all GHGs (except
biogenic methane)
to zero

2008

CO,, CH,, N,O,
SF¢, HFCs, PFCs
(but no biogenic
CHY)

48% (2021)

35.9 MtCO,e

Forestry, Maritime,
Waste, Domestic
Aviation,
Transport,
Buildings, Industry
and Energy

4114 (2023)

Free allowance and
auction

Note: Proportion
of allowances
offered at auction
in 2023 was 54%
but none were
sold (winning

bid less than
reserve price).

Annual

Auction:
NZ$0 ($0)

Secondary market:
NZ$62.79
($38.30)

continued on next page




Table 5.1 continued

Australia
11. Monitoring, Monitoring:
reporting, and  Facilities need
verification to apply fora
site-specific

emissions intensity
value for the first
compliance year.

Reporting: Annual
self-reporting
according to the
guidelines defined
in the “National
Greenhouse and
Energy Reporting
Act.”

Verification: All
facilities with
emissions greater
than 1 MtCO,e per
year are required
to undergo
independent
emissions audit
each year.

PRC

Monitoring:
Covered entities
are required to set
up monitor plans
and monitor their
emission based on
these plans.

Reporting:
Covered entities
must submit the
previous year’s
emissions reports
by the end of April
each year.

Verification:
Provincial-level
ecological and
environmental
authorities are
responsible for
organizing the
verification of
GHG reports.
Verification of
emissions from the
energy sector must
be complete by the
end of June.

Indonesia

Monitoring:

An MRV system

is currently in
operation in the
industry sector
and the power
generation
sub-sector. Pilot
MRY programs are
being conducted
also in the cement
and fertilizer
sectors.

Reporting:

The reports must
be submitted

by the end of
January for the
preceding year.
Installations must

report emissions of

considered GHGs
expressed in units
of CO,e.

Verification:

It should be
completed by the
end of March,
following the
January reporting
deadline. Verifiers
are required to
adhere to the
guidelines for
GHG emission
verification in the
power subsector.

Kazakhstan

Reporting:
Required annually
for installations
above the 20,000
MtCO,e/year
threshold.

Verification:
Emissions data
reports and their
underlying data
require third-party
verification by an
accredited auditor.

ROK

Reporting: Annual
reporting of
emissions from the
previous year must
be submitted by
the end of March.

Verification:
Emissions must be
verified by a third-
party verifier.

Framework:
Emission reports
are reviewed
and certified by
the Certification
Committee of
the Ministry of
Environment by
the end of May.

New Zealand

Reporting: Most
sectors are
required to report
annually; the
deadline is the end
of March to submit
an annual emission
return.

Verification:
follows a system
of self-reporting
supplemented by a
program of official
government
audits. Third-
party verification
is not required

for emissions
reports. However,
participants must
seek third-party
verification if they
apply for the use of
a unique emissions
factor, as opposed
to using the
default factors
supplied by the
government.

BAU = business as usual; PRC = People’s Republic of China; CH, = methane; CO, = carbon dioxide; CO e = carbon dioxide equivalent, ETS = emissions
trading system; GHG = greenhouse gas; HFC = hydrofluorocarbon; MRV = monitoring, reporting, and verification; MtCO,e = metric tons of carbon dioxide
equivalent; MW = megawatt; N,O = nitrous oxide; PFC = perfluorocarbon; ROK = Republic of Korea; SF, = sulfur hexafluoride.
Source: Gupta, S., S. Basu-Das, and S. Gupta. 2024. Carbon Pricing Through Emissions Trading In Asia-Pacific: A Comparative Analysis and the Way
Forward. Background paper for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.
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Figure 5.3: Comparison of Carbon Prices in Selected Economies in Asia and the Pacific

Carbon price ($/tCO,e)
120 _
100 |
EU ETS
80 |
60 |
40 |
New Zealand ETS
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Republic of Korea ETS
™ v PRC national ETS
O T T 1
2018 2019 2020 2021 2022 2023

PRC = People’s Republic of China, ETS = emissions trading system, EU = European Union, tCO,e = metric ton of carbon dioxide equivalent.
Source: World Bank. 2023. State and Trends of Carbon Pricing 2023.

5.4.2 Lessons for Economies in Asia and the Pacific

Developing an ETS should be an exhaustive process, with pilot projects and policy flexibility. This
approach can be observed in the case of the PRC, which undertook ETS experimentation during the early
2010s, yielding pilot systems that were diverse and instructional. These early ETSs spanned the political and
business hubs of Beijing and Shanghai, the sprawling industrial municipalities of Tianjin and Chongging, the
manufacturing locus of Guangdong province, the iron and steel center of Hubei province, and the special
economic zone of Shenzhen. Based on the pilot schemes, the PRC’s State Council released guidelines for
accelerating the establishment of a national carbon market in 2017 and the nationwide ETS was introduced

in 2021. With guidelines again updated in 2024, the PRC’s national ETS is becoming a more impactful policy
instrument (Gupta, Basu-Das, and Gupta 2024). Economies in Asia and the Pacific can learn from the PRC’s
progressive implementation and ever-evolving ETS, and some are taking similar approaches to increasing scope
and ambition over time. For instance, Thailand’s Greenhouse Gas Management Organisation has operated a
voluntary ETS since 2013, focusing on the development and testing of monitoring, reporting, and verification
(MRYV) systems, setting caps and allocation procedures, and establishing trading infrastructure for 12 sectors with
high GHG emissions. Meanwhile, Indonesia and Viet Nam both have three-phase plans that expand in coverage,
compliance obligations, and potential impact through the 2020s. Prospective carbon markets elsewhere in
South Asia and Southeast Asia will likewise go through progressive development stages if they are enacted.

The benefits and challenges of efficiency-based systems should be closely observed. The PRC, for
example, has deployed efficiency-based targets in its ETS because such targets can be adapted to higher

levels of economic production and aligned with broader PRC climate targets that lack an overall cap. Indonesia
initiated an efficiency-based ETS in early 2023, focusing on power sector facilities with over 100 megawatts of
production capacity. India’s Perform, Achieve and Trade scheme may evolve into a compliance-based ETS and
is also based on efficiency targets. It is likely that other developing economies in Asia and the Pacific will pursue
this route, given their growth ambitions. However, while the impetus for efficiency-based targets is clear,


https://openknowledge.worldbank.org/bitstreams/bdd449bb-c298-4eb7-a794-c80bfe209f4a/download

Box 5.3: Empirics of the European Union’s Emissions Trading System

The emissions trading system (ETS) of the European Union (EU), a key instrument for decarbonizing the global economy,
remains important to the learning experience across Asia and the Pacific.

The EU’s ETS remains the world’s largest cap-and-trade system, regulating greenhouse gas (GHG) emissions at over
11,000 installations—despite the ETS of the People’s Republic of China being bigger in volume. The EU’s ETS is also the
oldest cap-and-trade system and the only multinational ETS comprising 30 individual economies (27 EU member states
plus Iceland, Liechtenstein, and Norway). It is comprehensive in scope and covers about 45% of the EU’s GHG emissions
and is in its fourth trading phase (2021-2030). The EU’s ETS was revised in 2023 in the context of the European Green
Deal to align it with the target of reducing net emissions by 2030 to 62% below 2005 levels and net zero by 2050.

Since its launch in 2005, the EU’s ETS has helped drive down emissions from electricity and heat generation and industrial
production by 37.3% (European Commission 2023). It has also generated €184 billion ($206 billion) in auction revenues
for distribution to member states of which €43.6 billion was in 2023 alone (ICAP 2024). Member states have mostly used
this revenue to fund investments in energy transformation and decarbonization as well as social measures in support of the
green transition (European Commission 2023).

A growing body of literature points to significant positive impacts of the EU’s ETS, based on economy-specific microdata
studies (Colmer et al. 2022; Klemetsen, Rosendahl, and Jakobsen 2020; Petrick and Wagner 2014) and on sector-level
data (Bayer and Aklin 2020). Further, a recent cross-study of installation-level data in France, the Netherlands, Norway,
and the United Kingdom found that introduction of the EU’s ETS was associated with a statistically significant reduction
of carbon dioxide emissions in the order of ~10% in the first two trading phases from 2005 to 2012. In addition, firm-level
data on all ETS-regulated economies show the EU’s ETS has had no significant impact on profits or employment levels and
has led to an increase in revenues and fixed assets for regulated firms (Dechezleprétre, Nachtigall, and Venmans 2023).
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such targets may limit the ability of an ETS to significantly curb absolute emissions. ETS designs should
therefore seek to reduce these risks through broad coverage and steadily tightening benchmarks. Economies
should incorporate clear timelines and strategies for ensuring the emissions impacts of their ETSs and for
transitioning to mass-based systems.

Institutional and regulatory frameworks are pivotal to the smooth operation of an ETS. When
developing their ETSs, economies of the Asia and Pacific region should dedicate significant resources to
developing and refining the MRV systems that strengthen data management and accuracy. Legal mandates
should be developed for facilities to report their GHG emissions data to ensure accurate emissions tracking and
reporting, which will enhance system credibility and environmental integrity and lead to effective enforcement.
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ETS institutional and regulatory frameworks are still being developed in many of the region’s economies,

as are the underpinning MRV systems. Policymakers charged with ETS portfolios need to provide clear
mandates alongside roles and responsibilities to subsidiaries (e.g., state, provincial, and municipal
governments) and other relevant bodies (e.g., registries, exchanges, third-party verifiers). To ensure smooth
and effective ETS implementation, these stakeholders require predictable resources and staffing as well as
substantial (and ongoing) capacity building and technical assistance from regional and international experts.

Reforming the energy sector to enable carbon price pass-through may be essential for an effective
ETS. The energy sector in many economies in Asia and the Pacific is heavily regulated or in the early phases
of liberalization. Regulated energy sectors hinder carbon price pass-through, negating the overall impact of
an ETS. The PRC has for decades attempted varying levels of energy sector reform and, in 2020, it began a
trial operation of eight pilot spot markets that utilize real-time electricity trading, formulate market-clearing
prices, and guide electricity production and consumption through flexible market price signals. These spot
markets have introduced price signals into electricity generation and distribution and, in doing so, they serve
as an outlet for ETS cost pass-through to consumers. Their expansion, which will take time, along with further
regulation and capacity building, could meaningfully improve the ability of the PRC’s national ETS to reduce
emissions. The PRC’s experience shows that ETS architects and policymakers need to coordinate closely with
power market reformers to promote a positive policy intersection, such as that created by the development of
spot markets, enabling greater ETS effectiveness.

To add flexibility, countries can also allow for offset use in an ETS. However, such allowances should
only be made to the extent that they do not undermine the effectiveness of the ETS. An ETS is inherently a
flexible instrument because regulated entities can either purchase allowances from the market or reduce their
own emissions, but allowing the use of offsets can provide additional flexibility. These offsets are generated
through a crediting mechanism, which allows for the remuneration of achieved emissions reductions through
the issuance of tradable certificates, while ensuring adherence to specific requirements. The crediting
mechanism can be either domestic or international (section 5.5). Domestic offsets have been used in a

range of ETS jurisdictions, e.g., subnationally in California and under the Regional Greenhouse Gas Initiative
(encompassing Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey,
New York, Pennsylvania, Rhode Island, and Vermont) and nationally in the PRC (Box 5.4). International offsets
have historically played a greater role in Europe, the ROK; and New Zealand.

An international carbon pricing framework is needed to unify and achieve climate goals. Efforts to
reduce emissions are fragmented due to divergent national climate ambitions and largely isolated ETSs.

This highlights the need for an internationally coordinated carbon pricing system to achieve climate goals
cost-effectively. The primary advantage of linking carbon markets is lowering emissions reduction costs
(Anger 2008; Li and Duan 2021). Due to disparate marginal abatement costs, the cross-border exchange of
carbon allowances can lower the costs of emissions compliance for all parties involved (Jaffe and Stavins 2008;
Dellink et al. 2014). Economies exporting carbon permits benefit from sales revenue, while those importing
permits benefit from reduced compliance costs (Qi and Weng 2016; Ranson and Stavins 2016). The basic
concept of carbon market linkage is presented in Box 5.5.

Linked markets can enhance price discovery, liquidity provision, and risk management. Introducing
more participants into carbon markets increases market liquidity and allows carbon prices to better reflect
public information (Brunnermeier and Pedersen 2009; Santikarn, La Hoz Theuer, and Haug 2018; Brogaard,
Hendershott, and Riordan 2019). This, in turn, contributes to the mitigation of price volatility (McKibbin,
Shackleton, and Wilcoxen 1999; Jaffe and Stavins 2008; Flachsland, Marschinski, and Edenhofer 2009).



Box 5.4: A Domestic Voluntary Carbon Market—The China Certified Emission Reduction Scheme

Established in 2012, the China Certified Emission Reduction (CCER) scheme is central to the voluntary carbon market in
the People’s Republic of China (PRC) and plays a key role in the country’s market-based carbon reduction strategy.

The CCER scheme features a domestic carbon credit offset trading standard used to monitor, report, and verify emission
mitigation projects within the PRC. Carbon credits generated from a diverse range of projects—including renewable
energy generation, methane capture, and forestry initiatives—have been traded in the CCER scheme, which provides
avenues for businesses and individuals to voluntarily offset their emissions. Meanwhile, firms required to participate in
the national compliance markets are allowed to purchase offset credits from the scheme at up to 5% of their quotation.
Although the price level of CCER credits can sometimes fluctuate greatly, it is generally lower than that of the compliance
market, so the scheme offers firms a flexible, often cost-effective way to achieve their emissions reduction targets.

Besides complementing the compliance market to achieve climate change mitigation, the CCER scheme helps channel
substantial revenue from broad sources to targeted sectors such as renewable energy and forestry, which tend to be
underinvested in a free market. For example, forestry projects under the CCER framework contribute to afforestation and
reforestation, resulting in carbon sequestration and biodiversity conservation.

The CCER scheme also has the potential to become part of an international market, although it currently only operates
within the PRC. It has largely adopted methodologies approved by the Clean Development Mechanism under the United
Nations Framework Convention on Climate Change, and these methodologies are eligible for use with the Verified Carbon
Standard program, the world’s most widely used greenhouse gas crediting program.

The revamped CCER scheme, which was launched in early 2024, is the result of foresight by the Government of
the PRC, which in 2017 suspended the issuance of new CCER credits in order to usher in a new era of effectiveness.
The government recognized the need to streamline regulatory oversight, improve the quality of accredited projects,
and reduce fraudulent claims and double-counting of emission reductions, through standardization and enhanced
monitoring, reporting, and verification.

While keeping the strong features of the earlier scheme (e.g., its connection to the compliance market and use of
internationally recognized methodologies), the new CCER scheme offers improved integrity, quality, and alignment

with national climate policies. First, it expands the types of carbon offset projects allowed, enabling more clean energy
projects to be registered and granted tradable CCER offset credits. Second, in line with the PRC’s focus on integrating
environmental and climate policies under a single authority, oversight of the new scheme has been shifted to the Ministry
of Ecology and Environment, with this move expected to streamline regulatory protocols and enhance integration between
the compliance and voluntary markets. Third, the new CCER scheme emphasizes transparency in reports for design,
validation, verification, and data, which is expected to ensure consistency and stabilize prices.

These reforms to the CCER scheme are a significant milestone in the PRC’s carbon reduction strategy, with the
improvements attracting a wider range of participants and fostering greater confidence in both the domestic and
international voluntary carbon markets.

Source: Gong, Y. 2024. The Voluntary Carbon Market, Globally and in the PRC: History, Current Situation and Prospects. Background paper
for the Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.



Box 5.5: Concept of Carbon Market Linkage

Carbon markets are considered linked if a participant in one market can use a carbon unit issued under another market to
meet compliance obligations (Haites 2004; Haites 2016). Linkage between carbon markets can assume various forms,
with differences in the degree, scope, and direction of trading flows, as shown in the figure below.

Types of Carbon Market Linkages

Unilateral and Bilateral Multilateral Direct and Indirect
Linkage Linkage Linkage
=P Unilateral Link <4—p Direct Link
<4— Bilateral Link <====% Indirect Link

Source: Mehling, M. 2024. Theories and Practices of Cross-Border Carbon Market Linkages: Implications for Asia. Background paper for the
Asia-Pacific Climate Report 2024: Catalyzing Finance and Policy Solutions. Asian Development Bank.

Direct links allow trade both within individual systems and between different systems (Ellis and Tirpak 2006). These
links can be unilateral, bilateral, or multilateral. Bilateral or multilateral linkages offer the greatest economic benefits

by increasing market size and diversity, enhancing integration efficiency, and leveling compliance costs through price
convergence (Mehling and Haites 2009). A direct link can also be purely unilateral, which is appealing because it can be
implemented without prior negotiations or mutual commitments.

An indirect linkage occurs when one carbon market links to a second system which, in turn, is linked to a third. Though

not directly connected, the first and third markets influence each other through their mutual link to the second market,
affecting unit supply, demand, and prices (Mehling and Haites 2009). Indirect links have commonly arisen when different
markets accept the same offset credits, such as Certified Emission Reductions or Emission Reduction Units from the Kyoto
Protocol mechanisms (Dellink et al. 2014; ADB 2016). Similarly, carbon credits authorized for international use under
Article 6 of the Paris Agreement on Climate Change can be used to create indirect links.
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ETS linkage can reduce “carbon leakage.” Due to the varying strictness of climate policies across
different economies, regulated firms may consider relocating to jurisdictions with less-stringent regulations
(a phenomenon known as carbon leakage), which undermines global efforts to reduce GHG emissions.
Notably, the convergency of carbon prices in linked ETSs mitigates this risk (World Bank 2015).
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Early unilateral carbon market linkages proved easy to establish and terminate. Carbon market linkages
began in Europe and North America in the early 2000s. The Chicago Climate Exchange allowed Certified
Emission Reductions in 2003 and allowances from the EU’s ETS in 2005. However, these moves saw minimal
uptake, leading to termination (Haites 2015). Norway linked its market unilaterally to the EU’s ETS in

2005, fully integrating bilaterally in 2012. ETS markets in the EU, Japan, the ROK, New Zealand, Norway,

and Switzerland linked project-based mechanisms under the Kyoto Protocol.* The Tokyo Metropolitan
Government linked its ETS with Saitama prefecture’s in 2011. These experiences showed unilateral linkages
are easy to start and end, while linkage to international credits decreased due to concerns over additionality,
ensuring that emissions reductions would not have occurred with the reduction activity and the environmental
integrity of Clean Development Mechanism units.

Successful long-term linkages rely on harmonization, transparency, support, and trust. Two prominent
examples demonstrate that long-term ETS linkages rely on mutual recognition, regulatory harmonization,
transparency, and coordinated administrative support to maintain market integrity and stakeholder trust. As the
first example, California and Québec linked their ETSs in 2014. Ontario joined in 2017, but withdrew in 2018
after a change of government (Raymond 2020). Despite Ontario’s withdrawal, California and Québec continued
joint auctions and market activities, emphasizing transparency and coordinated administrative support for
effective market management. As the second example, the EU and Switzerland signed an agreement to link
their ETSs on 23 November 2017, effective 1 January 2020. The agreement includes mutual recognition of
allowances, technical standards, and protection of sensitive information. It also established a joint committee for
administration and dispute resolution and allows potential linkages with third parties. Transactions between the
EU and Swiss registries became operational in 2021, ensuring system integrity and transparency.

Differences in institutional settings, climate goals, and policy objectives add significant challenges.

While procedural disparities—such as sectoral and GHG coverage and allowance allocation methods—can be
harmonized, differences in legal frameworks and climate policy legislation can impede ETS consensus among
economies (Fankhauser, Gennaioli, and Collins 2015). Varying ambitions on climate goals also further complicate
linkages. Economic circumstances may lead governments to scale back emissions reduction initiatives and relax
enforcement standards. Effective cross-border carbon markets require harmonization among ETSs, which can
conflict with domestic policy objectives (Flachsland, Marschinski, and Edenhofer 2009). Maintaining control over
individual carbon market policies also poses a challenge, as bilateral and multilateral linkages necessitate high
consistency in cap settings, allowance allocation, and MRV processes.

A focus on domestic markets can provide a platform for future cross-border linkages. Given the
complexity of establishing an extensive cross-border carbon market linkages, each compliance market should
prioritize further development of domestic markets while aiming to leverage the benefits from carbon market
connectedness. To facilitate the linking process, the following six policy recommendations are suggested:

(i) establish a communication forum or leverage international organizations to share policies and coordinate
efforts, ensuring transparency and consistent information flow; (ii) implement a legally-backed MRV framework
with enforcement measures to ensure accurate emissions tracking and reporting, enhancing system credibility
and environmental integrity; (i) create an authorized cooperative organization and robust trading infrastructure
for carbon-related products, including post-trade registries; (iv) ensure accurate measurement of international
carbon allowances to mitigate double-issuing and double-using of carbon credits; (v) implement cooperative
policies to maintain environmental integrity, promote common objectives such as nationally determined
contributions, and incentivize future mitigation actions; and (vi) strengthen financial regulations and policies to
mitigate risks—such as fraud, misleading information, manipulation, and transfer pricing—in carbon finance.

4 Since 2020, the EU no longer accepts the use of international credits, including Certified Emission Reductions, for compliance under its ETS.
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There is an emerging landscape of international carbon markets for cost-effective emissions reduction.
International carbon markets enable the trading of carbon credits internationally, both through the compliance
market under Article 6 of the Paris Agreement and through voluntary carbon markets (VCMs). These markets
are based on baseline-and-crediting mechanisms, whereby carbon credits are generated through investments
that reduce emissions relative to a counterfactual “baseline” estimate of future emissions. Independent carbon
crediting programs provide systems for the generation of carbon credits, as does Article 6.4, also known as

the Paris Agreement Crediting Mechanism (PACM). These markets are important as they mobilize carbon
finance, which can enhance the attractiveness of private investment in low-carbon technologies and solutions.
Governments and private companies can therefore utilize international carbon markets to reduce emissions
cost-effectively and access funding for sustainable development.

Article 6 lays the foundation for international compliance markets under the Paris Agreement. Article
6 enables both developing and developed economies to buy and sell Internationally Transferred Mitigation
Outcomes (ITMOs) to achieve their mitigation commitments under nationally determined contributions
(NDCs). Within Article 6, international cooperation on climate mitigation can be pursued through

two market-based approaches established under Article 6.2 and Article 6.4, respectively. Article 6.2 is a
decentralized approach that offers greater flexibility in defining the scope and methods of cooperation while
using common accounting and reporting rules. For example, under Article 6.2, market scope and methods
can be defined bilaterally between cooperating Parties while complying with the guidance for accounting

and reporting from the United Nations Framework Convention on Climate Change (UNFCCC). Article 6.4,
now termed the PACM, uses a centralized approach and is governed by a supervisory body of the UNFCCC.
Since the adoption of the Paris Agreement, significant progress has been made in clarifying how these market
mechanisms are intended to function. Under Article 6 rules, decisions have been taken that the trading of
ITMOs under the Paris Agreement will require authorization from the host government and the application of a
corresponding adjustment to avoid double-counting with host economy NDCs. However, additional decisions
are needed to reduce uncertainty for Article 6.2 and to operationalize the PACM.

International carbon markets under Article 6 can generate significant global financing. While estimates
of such financing fall within a wide range, studies suggest the potential economic benefits of Article 6
cooperation are significant. The World Bank estimates that resource flows generated through international
carbon trading, under full and cost-effective implementation of NDC targets, need to be $185 billion in 2030
(World Bank 2016). The International Emissions Trading Association notes Article 6 market projections of
$250 billion a year by 2030 and $1 trillion a year by 2050 (Edmonds et al. 2019).

While international markets are still developing, economies in Asia and the Pacific are already

active. As of 5 July 2024, there were 83 bilateral carbon trading agreements between 10 different buyers

and 46 host economies globally, with 140 pilot projects recorded (of which 119 belong to Japan’s Joint
Crediting Mechanism) (UNEP 2024). In Asia and the Pacific, Thailand and Vanuatu have provided national
authorization for the export of credits under Article 6 and the first-ever issuance of 1,916 ITMOs occurred for
the E-Bus Program in Bangkok in 2023: this transaction between Thailand and Switzerland is the first under
Article 6.2 (UNEP 2024).

The most immediate opportunity for issuance of carbon credits through the PACM relates to the

transition of Clean Development Mechanism (CDM) activities. Parties to the Paris Agreement agreed
that projects meeting eligibility requirements should be able to transition from the CDM to the PACM and
thus continue to generate carbon credits. According to an assessment by the United Nations Environment



Programme, as of 5 July 2024, transition requests were correctly submitted for 1,356 project activities and
118 programs of activities (including 949 component project activities). Total potential emissions reductions
for 2021-2025 generated from transition CDM activities could amount to more than 900 million metric tons
of CO, as per the established CDM methodologies (UNEP 2024).

Climate-conscious enterprises can benefit greatly from voluntary carbon markets. International VCMs
can be utilized by organizations, typically in the private sector, to support achieving their own voluntary
mitigation commitments, such as pledges to achieve carbon neutrality or net zero emissions. International
VCMs encompass a collection of standard bodies, voluntary buyers, and carbon credit generators that sell
verified carbon credits to be used for voluntary purposes. Independent carbon crediting programs or standards,
such as the Gold Standard and VERRA’s Verified Carbon Standard, set the requirements for delivering and
measuring emissions reductions and removals resulting from a mitigation activity.

VCMs must rebound from falls in trading values and volumes in 2022 and 2023. The total trading value of
all VCMs (international) peaked in 2021, reaching about $2.1 billion, then declined to $1.9 billion in 2022 and
to $0.72 billion in 2023. Transaction volumes of VCM-traded carbon credits in metric tons of carbon dioxide
equivalent (tCO,e) also peaked at 516 million in 2021, then fell to 254 million in 2022 and to 111 million in
2023. The reported average nominal price in 2023 was $6.53 per tCO_e, an 11% decline on 2022, but over
60% above the reported average nominal price in 2021 (Procton 2024). There is a mix of concerns regarding
VCMs, particularly their high transactions costs and demand uncertainty. There are also issues regarding
overall market integrity related to the varying quality of credits, due to inflated baselines and challenges of
monitoring, as well as negative impacts on local communities. However, despite trading declines and obstacles
hindering growth, the overall sentiment for VCMs is optimistic.

Efforts are being made to address integrity issues in VCMs. Two notable initiatives for voluntary markets
are the Integrity Council for the Voluntary Carbon Market (ICVCM) and the Voluntary Carbon Markets
Integrity Initiative (VCMI). These two bodies are establishing guidelines and standards for high-integrity VCMs
on the supply side and demand side, respectively. The publication of the ICVCM’s Core Carbon Principles and
the launch of the VCMI’s Claims Code are contributing to buyer confidence in market quality and integrity.

In addition to embracing ICVCM and VCMI guidelines, governments are taking their own measures to build
confidence in VCMs. For example, the Government of the United States has announced new principles to
advance the responsible development of VCMs, thereby encouraging these markets to embrace identified
approaches for better supply, demand, and market-level integrity. Papua New Guinea, meanwhile, is regulating
nature-based solutions projects in particular, with a benefit-sharing mechanism as well as stringent, free, prior,
and informed content provisions.

Industry-specific approaches can complement broader international carbon schemes. Alongside

Article 6 and the VCMs, there are industry-specific approaches that influence international carbon markets.
One example is the Carbon Offsetting and Reduction Scheme for International Aviation. International

aviation is not included in national emissions inventories nor in NDCs, and has instead been addressed by the
International Civil Aviation Organization (ICAQO). In 2016, the ICAO Assembly adopted a global market-based
emissions trading scheme for international aviation. A technical committee under the ICAO has determined
eligibility criteria for carbon credits, allowing independent carbon crediting programs, the PACM, and domestic
carbon crediting programs to generate carbon credits. The credits will need authorization under Article 6.2 of
the Paris Agreement (Anjaparidze 2019).



Developing economies can use international carbon markets to meet domestic climate goals. With

the finalization of the Paris Agreement Rulebook, many countries are operationalizing international carbon
markets under Article 6 as well as engaging with VCMs. Although developing economies in Asia and the
Pacific are mostly exploring avenues to export carbon credits, there is also potential for them to meet their
climate ambitions by buying credits through international carbon markets. This could occur when an economy
has projected that it may not reach its NDC targets (especially when these targets have been recently

lifted) or when purchasing credits proves to be cheaper than domestic mitigation efforts (which may have
high marginal abatement costs). Assuming that using public funds to purchase carbon credits is politically
challenging, this task can be delegated to the private sector. For instance, economies with a high domestic
carbon price may decide to tighten the cap of their ETS but allow for private entities under the cap to purchase
international carbon credits (ITMOs), since this may constitute a more cost-effective alternative to high ETS
prices. This has been the case in Indonesia.

The Asia and Pacific region has extensive experience in carbon market mechanisms. Approximately 80%
of all CDM projects are based in Asia and the Pacific (Amarjargal et al. 2020). While project developers and
validation and verification bodies can draw on experiences from the CDM, host economies have less to build
on since Article 6 requires greater host involvement and higher institutional and MRV requirements. Japan’s
Joint Crediting Mechanism (JCM) is a forerunner to Article 6.2 and around 90% of all JCM projects are hosted
in the region (IGES 2024). Developing economies in Asia and the Pacific can draw on experiences from the
JCM as a bilateral approach.

The region has work to do in scaling up involvement in international carbon markets. Some of the
existing challenges include: (i) lack of national strategies and frameworks for engagement with international
carbon markets; (ii) ineffective governance systems including lack of interministerial coordination as well as
lack of mandates and legal instruments; (iii) lack of institutional capacity and/or skills of personnel to negotiate
bilateral agreements; and (iv) lack of the carbon market expertise required to manage domestic processes and
procedures for engagement in international markets.

National carbon market strategies are a vital catalyst for international engagement. Alongside
enhancing institutional capacity and technical readiness to participate in international carbon markets, an
important first step for many economies is to develop holistic national carbon market strategies (ADB 2023b).
To engage strategically in carbon markets, policymakers need to weigh the benefits of selling mitigation
outcomes to attract carbon finance against the need to meet their NDC targets. Evaluating this trade-off
requires a long-term strategy that aims to achieve NDC targets and informs engagement with Article 6,
including guiding principles and criteria for mitigation outcomes to be eligible for international transfer.

Such a strategy must embrace the interrelationship between various carbon markets and cover management
of both the compliance and voluntary markets. For instance, buyers in a VCM may wish to have carbon credits
(ITMOs) that have authorization and cannot be used toward a host economy’s NDC targets. Another type

of integration can occur when domestic carbon crediting mechanisms are used for Article 6.2 transactions,
which may require new regulations and legal frameworks.

The NDC accounting aspect of Article 6 is critical to effective market integration. For economies to
engage with international carbon markets, they need to have a framework outlining the sectors and types of
mitigation activities from which they will allow ITMO exports. This, in turns, requires an understanding of
how the NDC system will be implemented. The framework also needs to describe administrative procedures
to manage ITMO authorization, tracking of ITMOs, and their accounting (corresponding adjustments).
Governments may consider what actions need to be taken to promote voluntary market activities within their
jurisdiction and may consider regulating such markets.



Nature-based solutions (NBSs) have the potential to ramp up global climate finance. As global
efforts intensify to achieve net zero emissions by 2050, integrating NBSs into international carbon markets
offers a pathway to mobilize financial resources at scale. These solutions leverage the power of nature and
healthy ecosystems to protect people, optimize infrastructure, and safeguard a stable and biodiverse future
(Cohen-Shacham et al. 2016). They include activities such as climate-smart agriculture, biodiverse habitat
restoration, water resource management, clean cookstove projects, and green infrastructure initiatives.

A significant aspect of NBSs is their long-term benefits. For instance, sustainable land-use change can mean
soils continue to store CO, even after global emissions peak, reducing temperatures in the long term and
contributing to planetary cooling. In fact, NBSs have the potential to provide up to 37% of the mitigation
necessary by 2030 to reach the targets of the Paris Agreement (Griscom et al. 2017).

Despite these benefits, NBSs face a significant financing gap. Required investment in NBSs stood

at $200 billion annually in 2022 and needs to triple by 2030 and quadruple by 2050 to reach climate,
biodiversity, and land degradation targets (UNEP 2023). The primary challenge lies in the undervaluation

of nature’s benefits within traditional economic frameworks and conventional financing systems, leading to
insufficient private investment. Higher risks, lower returns, and longer payback periods discourage investment
in NBSs, despite their potential to enhance climate and ecosystem resilience (UNEP 2023). Public finance
therefore has been the primary source of finance flows to NBSs, accounting for 82% in 2023, with a focus on
biodiversity, landscape protection, sustainable agriculture, forestry, and fishing. Private finance accounts for
only 18% of total finance flowing to NBSs, with more than half channeled through biodiversity credits, offsets,
and sustainable supply chains (UNEP 2023).

Carbon markets present an opportunity to address this gap. They can do so by assigning a financial value
to carbon sequestration and emission reductions through nature. It is estimated that NBSs financed through
carbon markets can deliver 10%-12% of the mitigation needed by 2030 to be on track to reach global net zero
by 2050 (Landholm et al. 2022). These estimations account for price, implementation feasibility, and spatial
location constraints.

Agriculture, forestry, and wetlands management can be driving forces in carbon markets. The

core potential of NBSs in carbon markets is projected to be in the agriculture sector, forestry (avoided
deforestation,® afforestation and/or reforestation, and improved forest management), and the restoration
and conservation of wetlands. Using 2030 as the benchmark, agriculture at 43% has the highest carbon
market potential under NBS measures, followed by avoided deforestation at 32%, afforestation and/or
reforestation at 11%, improved forest management at 7%, and the restoration and conservation of wetlands at
7% (Landholm et al. 2022). The top five economies with the highest potential in agriculture carbon markets
are the United States, the PRC, India, Brazil, and Indonesia. The potential for avoided deforestation is largest
in Latin America and Asia, particularly in Brazil, Indonesia, Colombia, Peru, and Malaysia. Considering land
mass as the measure, the largest mitigation potential across all NBS carbon market activities lies in Indonesia,
Malaysia, Costa Rica, Colombia, and Belize (Landholm et al. 2022).

> Negotiations at the 60th session of the Subsidiary Body for Scientific and Technological Advice (SBSTA 60) in Bonn, 3-13 June 2024,
included draft decisions to refrain from carbon crediting of avoided deforestation emissions until 2028, when the issue will be discussed
again. This implies that avoided deforestation as a mitigation activity is only eligible on the VCMs.



Prices for NBS carbon credits vary depending on the solution type, project, and market used. However,
they typically range from $5 to $15 per tCO_e, reflecting the market’s recognition of their interrelated
environmental and social benefits (Procton 2024). As global climate ambitions grow, demand for high-quality
NBS credits is expected to rise, creating new opportunities for investment and innovation.

The future of NBSs in international carbon markets appears complex yet promising. Despite its

high potential, the NBS market must overcome several challenges, including the need for robust MRV
systems to ensure the integrity and transparency of the carbon credits and for protocols that can underpin

the permanence of NBS efforts. Policy frameworks must evolve to support the scaling up of NBS projects.
This includes addressing barriers such as land tenure issues, regulatory complexities, and access to
high-integrity carbon finance for local communities. Nevertheless, integrating NBSs into international carbon
markets offers a promising means by which to mobilize resources for climate mitigation and sustainable
development. By valuing ecosystem services and carbon sequestration through market mechanisms, carbon
markets can incentivize investment in NBS projects that deliver environmental, social, and economic benefits.

Despite strong momentum toward carbon pricing, there are some concerns for developing economies.
In particular, there has been speculation that efforts to implement carbon pricing may lead to a loss of global
competitiveness. An additional concern is the risk of carbon leakage in response to carbon pricing, with firms
shifting production out of certain jurisdictions to avoid paying a carbon price, thereby reducing the ability of
governments to regulate GHG emissions.

The impact of carbon pricing on competitiveness is ambiguous. While the imposition of carbon pricing will
increase costs for local firms that are subjected to the carbon price, it can also be an incentive to modernize
production techniques to drive improvements in productivity and competitiveness. Consistent with the Porter
Hypothesis, a carbon price can also encourage innovation in new green technologies, leading to improvements
in competitiveness by avoiding the burden of carbon pricing and increasing both demand (through consumer
preference for climate-friendly brands) and profits. Empirical evidence suggests that the competitiveness
effects of carbon pricing are usually quite small (see, for example, Arlinghaus 2015). However, studies of
existing carbon pricing schemes have been undertaken in the context of low carbon prices and may not reflect
effects of carbon pricing at higher levels.

The overall impact also depends on the global coverage of carbon pricing schemes. With carbon pricing
not occurring globally, there is the risk that firms operating in economies with carbon pricing may lose market
share and see reduced profits, with production shifting to jurisdictions with no carbon pricing (or where carbon
is priced lower). The extent and effect of this carbon leakage will be diminished with increased coordination
and coverage of carbon pricing schemes across the world, because it will become more difficult for firms to
shift production beyond carbon pricing boundaries.

More is revealed about competitiveness impacts when advanced modeling is applied. Adopting a
computable general equilibrium model allows for an examination of the competitiveness impacts of carbon
pricing under different pricing and coverage scenarios. The modeling exercise starts with a scenario that
examines the impact of the implementation of the Carbon Border Adjustment Mechanism (CBAM) by the
EU (Table 5.2). The CBAM is intended to provide surety for EU firms by charging an equivalent carbon price
on imported intermediate inputs as on domestic inputs. Given the potential impact of this initiative on the
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competitiveness of economies in Asia and the Pacific, the initial scenario assumes the imposition of the
CBAM and an increase in the EU’s ETS carbon price to €100 per metric ton of CO,, from a baseline of €18.1¢
With other developed economies likely to follow the EU in implementing Border Carbon Adjustment (BCA)
mechanisms, a second scenario involves extending the CBAM to all Organisation for Economic Co-operation
and Development (OECD) economies (including those in Asia and the Pacific). The remaining scenarios
implement carbon pricing, including BCA, in specific subregions of Asia and the Pacific to examine the
estimated competitiveness effects of carbon pricing on these subregions, allowing for substitution effects
toward subregions without carbon pricing. To account for the additional challenges for least-developed
economies, additional scenarios are introduced that involve these economies charging a lower carbon price of
£50. The final scenario introduces carbon pricing across all of Asia and the Pacific, with the main substitution
effects then being toward other regions of the world.

Table 5.2: Overview of Carbon Pricing Scenarios

Scenario 1 - European economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 2 - All OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 3 - OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- Non-LDE SE Asian countries impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 4 - OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- Non-LDE East Asian economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 5 - OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- Non-LDE South Asian countries impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 6 - OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- Non-LDE Other Asian countries impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 7 - OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- Allnon-LDE Asian countries impose tighter ETS carbon allocations, with a resulting €100/MT price.
- CBAM taxes are imposed for ETS sectors.

Scenario 8 - OECD economies impose tighter ETS carbon allocations, with a resulting €100/MT price.
- Allnon-LDE Asian countries impose tighter ETS carbon allocations, with a resulting €100/MT price.
- All LDE Asian countries impose tighter ETS carbon allocations, with a resulting €50/MT price.
- CBAM taxes are imposed for ETS sectors.

CBAM = Carbon Border Adjustment Mechanism, ETS = emissions trading system, LDE = |east-developed economy, MT = metric ton,

OECD = Organisation for Economic Co-operation and Development.

Notes: During the phase in period, the CBAM regime will not apply to all ETS sectors. However, the CBAM system is expected to be expanded
to all ETS sectors after the phase-in period. Central and West Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic,
Pakistan, Tajikistan, Turkmenistan, and Uzbekistan. LDE South Asia comprises Bangladesh and Nepal. LDE Southeast Asia comprises Cambodia,
the Lao People's Democratic Republic, Myanmar, and Timor-Leste. Other South Asia comprises Bhutan, India, Maldives, and Sri Lanka. Other
Southeast Asia comprises Brunei Darussalam, Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Viet Nam.

Source: Asian Development Bank.

16 The baseline of €18 per metric ton of CO, reflects the approximate price of CO, in the reference year of 2017. The revenue collected
from the CBAM is assumed to go into the EU’s budget in the model.



Imposing the CBAM and increasing the EU carbon price lowers estimated global output levels and
exports. This outcome is consistent with strong income effects, with the higher costs of production in the

EU leading to lower global output. The EU is most strongly affected, with gross domestic product (GDP)
estimated to fall by almost 2%. Effects in other regions are generally muted, with those regions closer to

the EU (e.g., Other Europe, West and North Africa, and Central and West Asia) tending to see somewhat
larger declines compared to other regions (Figure 5.4). Even in these cases, however, reductions in GDP are
estimated at less than 0.5%. Impacts on exports tend to be greater, with reductions of more than 1% in the EU,
Other Europe, North and West Africa, Sub-Saharan Africa, Latin America, and Central and West Asia.

Figure 5.4: Modeled Impacts of the Carbon Border Adjustment Mechanism and Changes to
the European Union’s Emissions Trading System
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ael
<
K]
o S «5
.S © Y] 2
<? .o a N g = [+
% 2 3 s 3 g < £
0 s & & 2 z § & 8 4 T <
2 « e 2 © S N g 2 S 5] c
" o o = S = =) O ° o = z S
© 1] = < =4 < = < e = £ o =
E v s & 2 &8 5 9o 5 o = § 3 E 2
S 8 7] £ = ‘& < 3 % 3 % = B (@] L < < =
c z 5 FS e oy g 2 E 3 s a s © 3 = = < < S 3
O 8 ¥ s T T & 5 £ £ o § w & o £ 5 o 2 & ¥ £ B 1
¥ £ o ©- @ & % ® ¥ & 9 O Ao £ o B 3 5 £ £ 5 ® ¢ 5
% &« 8 & £ > F =2 £ & 0o 4 0 I O 3 O <« 4 O O z 8 2 4
1.0
0.0
-1.0
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
-8.0
-9.0

PRC = People’s Republic of China, EU = European Union, GDP = gross domestic product, LDE = least-developed economy, OECD = Organisation for
Economic Co-operation and Development, ROK = Republic of Korea.

Notes: Central and West Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Pakistan, Tajikistan, Turkmenistan, and
Uzbekistan. LDE South Asia comprises Bangladesh and Nepal. LDE Southeast Asia comprises Cambodia, the Lao People's Democratic Republic,
Myanmar, and Timor-Leste. Other South Asia comprises Bhutan, India, Maldives, and Sri Lanka. Other Southeast Asia comprises Brunei Darussalam,
Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Viet Nam.

Source: ADB calculations using data from the Global Trade Analysis Project 11 and the International Energy Agency (both accessed 15 November 2023).

Extending the ETS and CBAM to the rest of the OECD has varied effects. Many economies in Asia and
the Pacific have estimated increases in output (Figure 5.5). While negative effects on output and exports
within the EU diminish, effects in other OECD regions (Japan, the ROK, Other OECD Europe, and North
America) become larger, with reductions in output and exports being relatively large in Japan and the ROK.

In many economies and subregions of Asia and the Pacific, however, output levels (and in some cases exports)
are estimated to rise. This is especially true for Other South Asia, Central and West Asia, Other Southeast
Asia, the Philippines, Indonesia, and Thailand. These changes likely reflect carbon leakage, with downstream
production shifting out of the OECD and into these economies.
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Figure 5.5: Modeled Impacts of the Carbon Border Adjustment Mechanism
and Emissions Trading Across OECD Economies
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PRC = People’s Republic of China, EU = European Union, GDP = gross domestic product, LDE = least-developed economy, OECD = Organisation for
Economic Co-operation and Development, ROK = Republic of Korea.

Notes: Central and West Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Pakistan, Tajikistan, Turkmenistan, and
Uzbekistan. LDE South Asia comprises Bangladesh and Nepal. LDE Southeast Asia comprises Cambodia, the Lao People's Democratic Republic,
Myanmar, and Timor-Leste. Other South Asia comprises Bhutan, India, Maldives, and Sri Lanka. Other Southeast Asia comprises Brunei Darussalam,

Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Viet Nam.
Source: ADB calculations using data from the Global Trade Analysis Project 11 and the International Energy Agency (both accessed 15 November 2023).

Imposing carbon pricing selectively in subregions negatively impacts estimated output in those
subregions. When a particular subregion imposes carbon pricing, it suffers reductions in output. In the case

of East Asia, for example, output is estimated to fall by more than 2.2% in the PRC and 1.2% in the rest of East
Asia (Table 5.3).Y” There is also strong evidence of carbon leakage in response to carbon pricing in subregions.
Considering the case of East Asia, the imposition of carbon pricing is estimated to lead to substantial gains in GDP
in other subregions and certain economies, with estimated increases of 4.6% in Other South Asia, 2.9% in Central
and West Asia, 2.4% in the Philippines, 2.2% in Thailand, and 2.0% in Other Southeast Asia. Similar patterns are
observed when looking at carbon pricing in other subregions.

Extending carbon pricing to all of Asia and the Pacific encourages carbon leakage and creates
economic inequities. A coordinated policy of carbon pricing across the Asia and Pacific region (excluding
least-developed economies) is estimated to have two main effects. First, it encourages carbon leakage to other
regions, with output in West and North Africa estimated to increase by 2.3%, and with relatively large increases
in Latin America (1.4%), Other Europe (1.8%), Sub-Saharan Africa (1.4%), and North America (0.8%). Second,
it creates inequities within Asia and the Pacific. Reductions in output are estimated for East Asia and Oceania
(the Pacific) and in the PRC, India, Malaysia, Thailand, and Viet Nam. Meanwhile, Indonesia, the Philippines,
Central and West Asia, Other and Low-Income Southeast Asia, and Other and Low-Income South Asia are
estimated to see output increase. This will partially reflect differences in CO, intensities, with the carbon price
shifting production to those with relatively low intensities. Similar patterns are found to hold when introducing
a (lower-priced) ETS and the CBAM in least-developed economies of Asia. In this scenario, these economies
are still estimated to see an increase in output from region-wide carbon pricing, though the extent of this

7" The approach assumes that both the EU and the OECD also impose an ETS and the CBAM, meaning that the reported effects also
include the effects of carbon pricing in these regions.


https://asiandevbank.sharepoint.com/teams/org_erea/ProjectDocs/Climate%20Change%20Report%202024/Chapter%20Drafts/Draft%203/),%20https:/www.gtap.agecon.purdue.edu/databases/v11
https://asiandevbank.sharepoint.com/teams/org_erea/ProjectDocs/Climate%20Change%20Report%202024/Chapter%20Drafts/Draft%203/;%20https:/www.iea.org/data-and-statistics

160

increase is diminished by its own carbon price. Such results lead to an important conclusion: even uniform
carbon pricing in the Asia and Pacific region can have distributional consequences, depending on the carbon
intensity and structure of production of the different economies and subregions.

Table 5.3: Estimated Output Changes in Response to Carbon Pricing Throughout Asia and the Pacific

(%)
All OECD
All OECD and and Other All OECD and
Southeast AllOECD and | AIIOECD and | Asiaandthe | AllNon-LDE | All OECD and
Asia East Asia South Asia Pacific Asia All Asia
PRC 0.34 =275 0.47 0.32 -1.90 -1.89
Japan -1.66 -0.33 -1.38 -1.66 0.17 0.18
Republic of Korea -2.08 -1.06 -1.83 -2.08 -0.62 -0.60
India 0.51 1.33 -2.93 0.49 -1.92 -1.94
Viet Nam -2.06 0.47 0.13 -0.01 -1.38 -1.32
Thailand -4.87 2.20 0.81 0.44 -2.65 -2.45
Malaysia -2.56 1.76 0.69 0.42 -0.85 -0.73
Indonesia -0.52 1.90 0.83 0.56 1.21 1.30
Philippines -1.56 2.37 1.11 0.73 0.72 0.80
Central and West Asia 0.80 2.87 1.23 -1.85 0.93 0.89
East Asia 0.51 -1.15 0.77 0.53 -0.72 -0.70
Oceania -0.09 0.74 0.16 -2.56 -1.84 -1.80
LDE Southeast Asia 1.42 1.25 0.49 0.29 2.73 1.53
Other Southeast Asia -1.46 1.96 0.86 0.58 0.20 0.38
LDE South Asia 0.47 1.68 0.61 0.49 1.97 1.00
Other South Asia 1.30 4.61 -3.24 1.46 0.29 0.22
Australia and New Zealand -1.07 -0.66 -0.97 -1.03 -0.59 -0.58

PRC = People’s Republic of China, LDE = |east-developed economy, OECD = Organisation for Economic Co-operation and Development.

Notes: Central and West Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Pakistan, Tajikistan, Turkmenistan, and
Uzbekistan. LDE South Asia comprises Bangladesh, Nepal. LDE Southeast Asia comprises Cambodia, the Lao People's Democratic Republic, Myanmar,
Timor-Leste. Other Southeast Asia comprises Brunei Darussalam, Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Viet Nam. Other

South Asia comprises Bhutan, India, Maldives, and Sri Lanka.

Source: ADB calculations using data from the Global Trade Analysis Project 11 and the International Energy Agency (both accessed 15 November 2023).

Estimated impacts of carbon pricing on exports are largely consistent with those for output.

The estimated impacts on those economies and subregions implementing carbon pricing are generally in line
with those for output, with exports declining substantially (Table 5.4). However, for the other economies

and subregions not subject to carbon pricing, there are often differences between the output and export
effects. In the case of carbon pricing by East Asia, for example, the estimates suggest increases in output but
reductions in exports for Central and West Asia, least-developed economies in Southeast Asia and South Asia,
and in India, Indonesia, and Viet Nam. Such results highlight that, while carbon pricing in one subregion can
lead to increased output in other subregions, this does not necessarily equate to an increase in exports and
global competitiveness. This further suggests that, in these cases, the increased output is linked to serving a
higher share of domestic demand.
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Table 5.4: Estimated Changes in Exports in Response to Carbon Pricing Throughout Asia and the Pacific

(%)
All OECD
All OECD and and Other All OECD and
Southeast AllOECD and | AIOECD and | Asiaandthe | AllNon-LDE | All OECD and
Asia East Asia South Asia Pacific Asia All Asia
PRC -0.89 -2.09 -0.52 -0.77 -1.90 -1.89
Japan -3.39 -2.25 -2.84 -3.18 -1.95 -1.95
Republic of Korea -3.41 -2.66 -2.92 -3.30 -2.23 -2.24
India -0.74 -0.21 -3.92 -0.55 -3.67 -4.07
Viet Nam -2.32 -1.04 -1.01 -1.20 -2.16 -1.93
Thailand -4.16 1.35 0.01 -0.40 -2.18 -2.00
Malaysia -3.02 0.70 -0.13 -0.41 -1.81 -1.50
Indonesia -2.26 -0.37 -1.27 -1.17 -2.33 -1.76
Philippines -2.47 0.41 0.07 -0.30 -1.40 -1.14
Central and West Asia -1.85 -1.37 -1.66 -2.42 -2.15 -3.01
East Asia -0.21 -2.79 0.20 -0.08 -2.38 -2.39
Oceania -0.25 1.10 0.16 -4.09 -3.02 -3.06
LDE Southeast Asia 0.46 -0.13 -0.75 -0.84 1.36 0.26
Other Southeast Asia -2.78 1.53 0.32 -0.03 -1.44 -0.95
LDE South Asia -1.13 -1.21 -1.85 -1.02 -2.22 -0.20
Other South Asia -0.06 2.24 -2.44 0.23 -0.44 -0.70
Australia and New Zealand -3.08 -3.41 -291 -2.80 -3.91 -3.90

PRC = People’s Republic of China, LDE = least-developed economy, OECD = Organisation for Economic Co-operation and Development.

Notes: Central and West Asia comprises Armenia, Azerbaijan, Georgia, Kazakhstan, the Kyrgyz Republic, Pakistan, Tajikistan, Turkmenistan, and
Uzbekistan. LDE South Asia comprises Bangladesh, Nepal. LDE Southeast Asia comprises Cambodia, the Lao People's Democratic Republic, Myanmar,
Timor-Leste. Other Southeast Asia comprises Brunei Darussalam, Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Viet Nam. Other

South Asia comprises Bhutan, India, Maldives, and Sri Lanka.

Source: ADB calculations using data from the Global Trade Analysis Project 11 and the International Energy Agency (both accessed 15 November 2023).

Potential effects of carbon pricing call for greater coordination and new compensation mechanisms.
The results of the modeling exercise show that imposing carbon prices unilaterally can have negative
consequences for output and exports. Many of these effects disappear with increased coordination and
coverage of carbon pricing, though distributional effects still result in economic inequities for economies

and subregions. Such results highlight the need for increased efforts at global cooperation in encouraging the
widespread adoption of carbon pricing schemes. Economies can provide tax rebates proportional to production
in emitting industries to support competitiveness, along with applying border carbon adjustments to tax
carbon-intensive imports. Yet, they cannot avoid distortions and leakage unless carbon pricing schemes are
extended to a broader set of countries worldwide.
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