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The Adaptation Principles:

A summary

Climate change is causing risks
and pressures that increasingly
force societies to rethink their
priorities and principles for
achieving societal well-being and
economic development.

Proactive and robust actions

are crucial to safeguard the
continued potential of sustainable
development. If prioritized according
to countries’ objectives, needs,

and risks, such actions can help
reduce and manage climate risks,
accelerating development and
poverty reduction.

This guide aims to help ministries of
finance or economy—who oversee
the wider economic system—
approach adaptation challenges. It
does not go into detailed adaptation
strategies at sector level; rather, it
focuses on concrete macroeconomic-
level actions. These actions reflect
universal principles for effective
climate change adaptation, though
the relative importance and sequence
of these actions will differ by country.
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The actions pertain to six principles of climate change adaptation, which
correspond to common policy domains (figure S.7):

0 Ensure development is rapid and inclusive and offers protection against shocks
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FIGURE S.1 >>

Priority areas and concrete actions for climate change adaptation and resilience policy: an overview

Application: Prioritization, implementation, and monitoring progress
LEAD MINISTRIES: Finance/economy and agency in charge of climate change
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This guide contains practical tools, concrete examples and other information to guide
decision makers through the principles of adaptation and help governments formulate
effective strategies that enable their societies to thrive in a time of climate change. These

include:
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A common theme to each of the policy areas and proposed actions is the large uncertainty
on future climate change, especially at the local level, and future vulnerabilities. The direct
implication is the need to design adaptation and resilience strategies in a risk management
and continuous learning framework. This means avoiding measures that are designed for a
precise scenario of the future, instead prioritizing interventions that are robust and flexible,
and can be adjusted over time as more information becomes available.
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Lay the foundations for
adaptation through rapid, robust,
and inclusive development

© LEAD MINISTRY: Finance/economy

Policies to reduce poverty and catalyze robust economic development are most
effective for reducing vulnerability to climate change. Poverty and the lack of access
to basic services—including critical infrastructure, financial services, health care,
and social protection—are strong predictors of vulnerability to climate change.
No targeted adaptation strategy can be successful without eradicating extreme
poverty and ensuring high-vulnerability populations have the financial, technical,
and institutional resources they need to adapt.

ACTION F.1 >>

Increase economic productivity and growth,

while keeping buffers for shocks

Recommendations to improve economic growth and accelerate development have
been widely studied and advocated elsewhere, so it is not a focus in this document.
But without appropriate economic and social policies, targeted adaptation measures
alone cannot reduce vulnerability to climate change in a significant manner.
Macroeconomic stability and the usual buffers against shock also improve countries’
ability to deal with unexpected shocks or stresses, including climate-related ones.

ACTION F.2 >>

Ensure that economic growth is inclusive

It is vital that nobody is left behind. And while rapid development usually reduces
poverty and therefore extreme vulnerability to climate change, it can also hide
large heterogeneity across regions or socioeconomic groups. Ensuring smallholder
farmers have resilient livelihoods and all populations have access to infrastructure
services (such as sanitation) and risk management tools (such as savings accounts,
health care coverage, and social protection) is the most efficient way of reducing
the long-term impact of climate change and natural disasters. Toolbox A—in the
main text of this guide—offers examples of how to explore these dimensions using
commonly available data and specialized indicators, such as the University of Notre
Dame Adaptation Initiative’s ND-GAIN Index or the World Bank’s Socioeconomic
Resilience Indicator.

While good development and the eradication of extreme poverty can do much to
reduce future climate change impacts (and short-term disaster losses), additional
adaptation and resilience actions can also be beneficial and highly cost-effective.
This guide therefore also covers four priority areas for action.

SUMMARY 5



PRIORITY AREA 1 >>

Facilitate the adaptation
of people and firms

© LEAD MINISTRY: Economy

The good news is that private actors have an incentive to increase their resilience
and adapt to climate change. However, they face a range of obstacles, from the
lack of information and behavioral biases to imperfect markets and financial
constraints. Governments need to minimize these obstacles to maximize the
economy’s adaptive capacity and prevent (as much as possible and desirable)
climate change impacts and natural disasters.

ACTION 1.1 >>

Assess disaster and climate risks,

and make the information available

Governments must ensure the information people need to adapt to climate change
and manage natural risks is widely accessible, free (or cheap enough), and in a simple
format that decision makers can use. People and firms need information on many
kinds of threat—those from natural hazards, threats to human capital and key
sectors, and cross-border threats, including risks linked to food prices. One important
consideration relates to uncertainty on future climates and the likelihood of various
natural hazards. When deciding how to communicate climate change information to
the public, governments must ensure they communicate the large uncertainty around
future climate change impacts, and not only one “most likely” scenario.

ACTION 1.2 >>

Clarify responsibilities and align incentives

with adaptation and resilience objectives

To ensure that private actors—households and firms—are making the right
decisions to manage climate change and natural disasters, governments should
clearly establish responsibilities and liabilities in law, and communicate these to
all actors. Private actors should be informed about the extent of disaster protection
provided by publicinvestments and infrastructure. For example, in the Netherlands,
the level of flood protection that the government is required to provide to the
population is legally defined, so individuals and firms can decide where to live
and invest, and what additional flood management measures they need to invest
in. And when private firms provide public services—such as electricity supply—
then regulation is needed to define risk management responsibilities in a way that
aligns private actors’ incentives with public interest (including in the case of force
majeure) (figure S.2).
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FIGURE S.2 >>

Creating the right resilience incentives for infrastructure service providers requires a consistent set of regulations
and financial incentives
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FIGURE S.3 >>

Innovation for climate change adaptation as a share of total innovation

o
o
\

o
w

All adaptation

Pure adaptation

o
w

Share of climate-adaptation inventions (%)
o
N
\

o
N

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

Source: Glachant et al. 2020, based on PATSTAT data.
Note: Pure adaptation refers to technologies for climate change adaptation that are not simultaneously classified as mitigation technologies.
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ACTION 1.3 >>

Facilitate access to technologies

through trade policies and investments

in research and development

Effective adaptation will depend on countries being able to draw on the best
available technologies for mitigating climate change impacts, especially in the
agriculture and health sectors. But there are many obstacles—from traditional
knowledge spillover and lack of capacity to trade barriers—that impair access to
and adoption of technologies.

International patent registrations show that innovation in adaptation is not
growing as a share of total innovation (figure $.3) and is concentrated in high-
income countries and a handful of middle-income countries. Transfers of this
innovation are also insufficient, with almost no transfers to low-income countries,
where needs are likely the largest. This suggests the need for countries to support all
types of innovation—from high-tech solutions to institutional and process-based
innovation—with a focus on local needs, and to facilitate technology transfers with
appropriate regulations, trade policies, and capacity-building investments.

ACTION 1.4 >>

Ensure financing is available to all,

and provide direct support to the

poorest and most vulnerable people

High upfront costs or affordability issues may stop private actors from
implementing effective solutions. Even if these costs are more than compensated
in the long term by avoided impacts and losses, the lack of financing can be a
serious obstacle for credit-constrained firms and households. And in the absence
of external support, hundreds of millions of people in or close to poverty will
be impacted by climate change and have limited ability to respond and adapt.
Direct support through social protection or subsidies for resilience-building
interventions can play a key role in reducing their vulnerability. Toolbox B—in
the main text of this guide—reviews methodologies to identify the most at-risk
population due to the combination of poverty and vulnerability.

8 THE ADAPTATION PRINCIPLES



ACTION 1.5 >>

Facilitate structural change

in the economic system

Climate change will affect latent comparative advantage. For example, it will make
some countries less productive in certain types of agriculture, to the benefit of others;
it will also cause the decline of some sectors and the growth of others. Governments
need to manage and facilitate economic transition, deal with coordination issues,
and ensure social consequences are minimized. In practice, however, the risk is that
an important sunset sector (one that is bound to lose competitiveness in coming
years and decades) becomes non-profitable exactly when the country needs to be
making large investments to boost another sector. Experience from regions where
coal mining or heavy industries disappeared in Europe shows how difficult it is to
manage a successful transition, especially when a region has anarrow economicbase,
is isolated geographically, and has a population with limited skills and investment
capacity. Governments have various options for addressing this situation:

» Support sunrise sectors and activities to maximize their development
potential. Climate change may create new comparative advantages in some
countries, and those where key sectors will be negatively affected must
prepare to capture the opportunities climate change creates. However, if
these comparative advantages face obstacles such as high upfront capital
investments, increasing returns to scale, or network effects, then a country
may struggle to turn such latent advantages into growth and economic
opportunities. Several studies offer guidance on how industrial policies
can help transform latent comparative advantages into real economic
opportunities, especially if countries face the risk of a low-productivity trap.

» Manage sunset sectors and activities to facilitate a smooth transition.
Some economic sectors may be strongly affected by climate change, with
significant implications for jobs and tax revenues. For example, some
agricultural production may become non-competitive or unsustainable,
snow-based tourism may disappear from low-altitude mountains and
summer destinations may become too hot to attract tourists. Targeted
policies can help declining industries better manage the drop in activity
(for example, by ensuring the least productive firms close first). This may
be costly, but it can be justified by distributional considerations or the
desire to smooth a transition.

» Support economic diversification to hedge against climate risks.
Diversifying away from narrow economic bases is key to reducing
vulnerability to climate change and other technological or preference
shocks, including those caused by decarbonizing the world economy. But
it is also desirable for governments to diversify their economy to accelerate
economic growth.

SUMMARY 9



PRIORITY AREA 2 >>

Adapt land use plans and protect
critical public assets and services

© LEAD MINISTRY: Economy, planning, investment, or infrastructure

Beyond direct support to households and businesses, governments have a
transformative role to play in ensuring their country, their economy and their
citizens can adapt to climate change. This is particularly the case to ensure the
adaptation of important public assets and infrastructure systems such as power
systems, roads, water and sanitation, and essential services such as health care,
education, safety and security. Urban and land use plans also influence massive
private investments in housing and productive assets, so it is vital these adapt to
evolving long-term climate risks to avoid locking people into high-risk areas.

ACTION 2.1 >>

Identify critical public services and assets

Critical public services such as energy, water, health care, civil protection, and
education need to take a thorough approach to assessing and managing climate
risks. Not only can their reconstruction be costly; they also provide critical services
which people’s well-being depends on. For a systematic risk and vulnerability
assessment, governments must develop inventories of key public assets, including
primary health care facilities, hospitals, and schools. Assessing the resilience
of service delivery in critical sectors can also be a useful exercise. In networked
systems, such as transport or power systems, the criticality analysis described
in toolbox C—in the main text of this guide—can help governments identify the
most important assets or system components, to invest more resources in their
resilience (figure S.4).

ACTION 2.2 >>

Design and implement a government-wide

strategy to increase the resilience of

infrastructure and public assets

There is a consensus among experts that governments have a key role to play in
ensuring theresilience of critical infrastructure and that they should adopt awhole-
of-government approach. Infrastructure disruptions in developing countries are
estimated to cost firms more than $300 billion and households over $90 billion
each year. But if countries have the right data, risk models, and decision-making
methods available, the incremental cost of building the resilience of infrastructure
assets is small—only around 3 percent of investment needs.

10 THE ADAPTATION PRINCIPLES



The main challenge to making infrastructure more resilient is thus not primarily
a financing one. Rather, it is a question of governance and the ability to make
and enforce good decisions, designs, operations, and maintenance. One priority
is focusing on the early stages of infrastructure system development: designing
regulations, producing hazards data and master plans, or the initial stages of
asset design (toolbox D in the main text of this guide). This is when small, low-
cost investments can significantly improve the overall resilience of infrastructure
systems, generating huge benefits. The other priority is improving maintenance.
As well as increasing the vulnerability of infrastructure assets, poor maintenance
also increases infrastructure investment needs by 50 percent in the transport
sector and more than 60 percent in the water sector. Using an infrastructure asset
management system to ensure proper maintenance, utility companies can better
manage their operations, reduce operational costs, and boost resilience.

FIGURE S.4 >>
The criticality of a road depends on how it is used

a. Critical roads for household consumption b. Critical roads for international clients

Kenya  Importer loss
(% of daily
consumption)

Kenya Household loss
(% of daily
consumption)

Source: Hallegatte et al. 2019.
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ACTION 2.3 >>

Revise land use and urban plans

to make them risk-informed

Land markets are powerful tools for driving new construction in a way that
efficiently meets population needs. However, they are also imperfect, and often fail
to fully internalize climate change and natural hazards. In some countries, land
markets are even dysfunctional, with most of the population living in dwellings
that have informal arrangements and no land use or urban planning. As a result,
developments often occur in risky areas, especially when developers do not
carry the cost of future climate change impacts. Land use regulations can help by
ensuring that new development takes place in safe areas or those that can be easily
and cheaply protected. They can also avoid unchecked urban development that
leaves too little porous green space, further increasing runoff and flood risk.

Where possible, governments should mandate local authorities to revise their
land use and urbanization plans, using hazard maps that consider climate change
(toolbox E in the main text of this guide). Choices around the localization of
power, water, sanitation, and transit infrastructure guide spatial development
and influence land use, land use intensity, land values, and employment and
population densities (figure S.5). Planners can use infrastructure master plans and
new investments to guide urban growth towards safe zones. Risk-sensitive land
use and urbanization plans must also abide by construction norms and building
regulations. The quality of construction and the role played by building regulations
are key determinants of climate resilience. In places with little capacity to create
and enforce risk-sensitive land use and urban plans, alternative approaches
include allocating the riskiest land such as flood zones to non-residential use—for
example, by creating urban parks to minimize the risk of encroachment.

FIGURE S.5 >>

Urbanization in Addis Ababa,
Ethiopia, closely follows the
major public transport lines
Source: NASA, MODIS Imagery 2002-2013

for built-up area and OpenStreetMap for road
infrastructure.
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PRIORITY AREA 3 >>

Help firms and people manage
residual risks and natural disasters

© LEAD MINISTRY: Interior or environment

While effective risk mitigation can go a long way in reducing losses and damages,
some natural shocks are too extreme and intense to be prevented. Governments
must develop strategies to ensure that when disasters do occur, people and firms
can cope without devastating long-term consequences, and can recover quickly.

ACTION 3.1 >>

Save lives (and money) with hydromet,

early warning, and emergency

management systems

Weather forecasts enable the anticipation of and preparation for extreme
events, and timely evacuation can save thousands of lives. Preparation reduces
physical damage and economic losses—for example, shuttering windows ahead
of a hurricane can reduce damage by up to 50 percent. The benefits of providing
universal access to early warning systems globally have been repeatedly found
to largely exceed costs, by factors of at least 4 to 10. There is also a set of good
practices to ensure that early warnings are communicated properly so that people
can act upon them and that shelters meet communities’ needs. This includes
considering gender issues, access for people with disabilities, and how to organize
shelters in times of epidemics and pandemics like COVID-19.

ACTION 3.2 >>

Provide all firms and households

with risk management instruments

Helping households cope with and recover from shocks requires a holistic and
flexible risk management strategy with a range of policy instruments appropriate
for different disasters and affected populations. Poorer and richer households have
different needs and can be supported with different instruments (figure S.6).
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FIGURE S.6 >> A
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ACTION 3.3 >>

Develop the insurance sector,

building on public-private partnerships

Domestic disaster insurance markets can be an effective channel for developing
the resilience of disaster-exposed households and businesses. Governments
can use their own resources to support domestic insurance markets and reach
households and businesses with insurance products, realizing their policy goals
of expanding the population’s financial resilience to disasters. The Turkish
Catastrophe Insurance Pool and the Mongolian Livestock Insurance Pool are
good examples of public-private partnerships that have substantially increased
insurance penetration at the local level.

But developing insurance markets is challenging, particularly in low-income

environments. Where insurance is not compulsory, pick-up rates remain low. This
includes high-income countries, even where insurance is heavily subsidized.
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ACTION 3.4 >>

Build a social protection system

and make it responsive to shocks

For the poorest households, savings are often not an option, and high transaction
costs and affordability issues make access to private insurance challenging. These
households need well-targeted and easily scalable social safety nets.

Adaptive social protection systems have proven to be critical for channeling
resources to those who are most in need due to climate stresses. Based on existing
social protection systems, adaptive systems can respond quickly to disasters or
slow-onset climate crises by:

» Scaling up or providing additional resources to regular beneficiaries—for
example, in Fiji, all beneficiaries of the Poverty Benefit Scheme received
exceptional transfers after Tropical Cyclone Winston in 2016

» Scaling out or providing support to additional beneficiaries during bad
times or years—for example, the number of beneficiaries of Ethiopia’s
Productive Safety Net Program depends on rainfall.

Toolbox F—in the main text of this guide—discusses methodologies to estimate
the benefits (and benefit-cost ratios) of investing in adaptive social protection
systems, taking beneficiary vulnerability into account.

It is important to design post-shock or postdisaster support in a way that does not
disincentivize adaptation to long-term trends. For example, support to areas that
are increasingly affected by drought should not lock people in place, especially if
the trend is expected to worsen over time. Instead, postdisaster support should
help people change activity or migrate if that will improve their prospects.

SPOTLIGHT S.1 >> A few months into the COVID-19 crisis could improve all social

COVID-19

Exiting the
COVID-19 crisis
more resilient
than before?

crisis, almost all countries

have boosted their social
protection systems to help

their populations manage the
pandemic and the consequences
of needed containment
measures. If designed and
implemented sustainably, and if
efforts are maintained over the
long term, any improvements
made during the current

protection systems’ capacity to
scale up quickly and efficiently
next time countries are affected
by a major shock, including
climate-related shock. This
includes, for example, creating
and maintaining household
registries and electronic
payment mechanisms.
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ACTION 3.5 >>

Help firms develop business continuity plans

and financial preparedness

Individual firms’ ability to cope with a shock and continue to produce in the
aftermath of a disaster depends on many factors, but they can do a lot to become
more resilient. The usual recommendation is to identify threats, assess risks,
and consider mitigation options. This allows firms to invest in prevention—for
example, by adding a generator in case of power outage, investing in movable
flood protection, or even elevating critical equipment. It also helps them prepare
for residual risk. Preparing business continuity plans (BCPs) can ensure a firm’s
management and workers know what to do in case of disaster, to maintain or
restore production as fast as possible. BCPs should consider a firm’s full supply
chain and include issues that may affect suppliers (or suppliers’ suppliers) and
clients. Other things to consider include financial issues, such as how to manage
a drop in sales, increased supply prices, or the urgent need to replace expensive
pieces of equipment. Access to contingent credit lines and appropriate insurance
are among the many tools that firms can include in their BCP.

ACTION 3.6 >>

Be prepared to build back better after a

disaster with contingency plans and financing

When a disaster hits and old or low-quality assets are destroyed, countries can
build back better, under improved building norms, thereby improving both
productivity and resilience. But this does not always happen, often because the
urgency to reconstruct leaves little time and few resources to rethink the design
or spatial footprint of cities and infrastructure. Building back better depends on
the ability to plan and implement the reconstruction process efficiently, or on the
existence of plans prepared before the crisis occurs.
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PRIORITY AREA 4 >>
Manage financial and

macrofiscal issues

© LEAD MINISTRY: Finance

The impact of climate change on the economy will affect activity and tax revenues,
and strong impacts on major sectors (especially exporting ones) can affect a
country’s trade balance and capital flows. The combination of these factors
may result in new risks for macroeconomic stability, public finances and debt
sustainability, and the broader financial sector. Governments will need to manage
these risks, considering the many channels involved (figure S.7). However, the
macro-level impacts of climate change are extremely uncertain, and all quantified

assessments should be considered as a partial approximation and used in a way
that considers both this uncertainty and the possibility of surprises.

FIGURE S§.7 >>
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ACTION 4.1 >>

Include contingent liabilities from

natural disasters and environmental shocks

in the planning and budgeting process

Contingent liabilities only materialize if a certain event occurs—for example, if a
flood damages roads, the government is responsible for repairing them. Including
contingent liabilities in the budget planning process and making them part of the
deliberation will ensure that authorities cannot ignore climate and disaster risks.

Assessing risks for public finance should include:

» Explicit contingent liabilities, which are relatively easy to estimate and
based on public asset and infrastructure inventories (toolbox G in the
main text of this guide). For example, if the state owns the public roads, it
is responsible for fixing them.

» Implicit contingent liabilities, which are linked to other forms of
commitment. For example, governments will provide humanitarian and
financial resources to support populations that are affected by a disaster
or small and medium enterprises that cannot cope with the shock without
going bankrupt. This expectation or political commitment creates an
implicit liability that is more difficult to estimate (toolbox F in the main
text of this guide).

» Tax revenues, which also fall during a disaster, increasing the funding
gap. For example, in 2018, Argentina lost an estimated $1.5 billion in tax
revenue, mostly due to reduced export tax revenues after a severe drought
in 2017. Tax revenue estimates are even more uncertain, as they depend
on GDP impacts that are difficult to measure and anticipate with models
(toolbox Hin the main text of this guide).
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ACTION 4.2 >>

Develop a financial strategy to

manage contingent liabilities,

combining multiple instruments

When a disaster or another environmental shock hits, there are urgent financial
needs related to emergency response and humanitarian support to affected
populations (Priority Area 3) and longer-term recovery and reconstruction costs,
which can have a strong impact on public finance. In parallel, tax revenues often
drop during the crisis and recovery phase. As a result, governments and local
authorities can struggle to finance postdisaster response and reconstruction, while
liquidity constraints can also affect their short-term response.

Regardless of their origin, the most robust way to manage unexpected shocks is
maintaining fiscal space in normal conditions, with manageable structural deficit
and debt levels. It is also preferable to have a reasonably diversified and resilient
tax collection system.

Various instruments—such as contingent credit lines, insurance and catastrophe
bonds, regional risk-sharing facilities, state contingent debt instruments and
international aid—are available to cover the contingent liabilities created by natural
hazards and other environmental risks. None of these instruments can meet all the
needs, so a combination of tools is preferable (figure S.8). Some can cover short-
term liquidity needs, while others are better for larger, longer-term reconstruction
needs. Some are better placed for frequent, low-intensity events, while others can
better manage massive shocks. It is also important to consider that instruments
differ in terms of cost, timeliness, transparency, and predictability.

As well as needing specific tools to address resource mobilization in postdisaster
situations, the urgency and chaos of the situation creates specific challenges on the
expenditure side. These need to be considered through a disaster-sensitive public
finance management system.
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FIGURE S.8 >>

Financing instruments to cover contingent liabilities from natural disasters
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Source: World Bank 2017.
Note: IDB = Inter-American Development Bank, JICA = Japan International Development Cooperation Agency, IDA = International Development Association.

ACTION 4.3 >>

Anticipate and plan for long-term

macroeconomic impacts

Climate change will provoke other long-term changes in tax revenues and spending
needs, with additional implications for economic growth and public finances. It is
important for governments to understand these risks and construct an appropriate
response strategy. They can use macrofiscal risk assessments as a standalone
analysis, such as with the World Bank and International Monetary Fund’s (IMF)
Climate Change Policy Assessments, or embed them into other long-term, macro-
level assessments. Two joint World Bank-IMF diagnostics can include disaster and
climate risk: the Debt Sustainability Analysis, which can include macrofiscal risks of
climate change impacts, mitigation and adaptation plans; and the Financial Sector
Assessment Program, which can include climate and disaster risks in the financial
sector assessment, especially in stress testing exercises.

Whichever approach governments use, looking at long-term effects will mean
exploring long-term growth impacts, their consequences on public finances, and
the uncertainty of possible assessments. Here, again, it is important to consider both
revenue and spending. If, for example, a large part of a country’s tax revenues come
from export duty on a small set of vulnerable commodities, the country is highly
exposed. Likewise, if sea level rise will require large investments in coastal defenses,
the cost could threaten the position of public finances. Toolbox I —in the main text
of this guide—reviews the methodologies available for such assessments. It also
stresses their limitations, which need to be considered in decision making.
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ACTION 4.4 >>

Communicate and mitigate the

disaster and climate risk exposure of the

financial sector and pension systems

One role of the financial system is to help the economy manage risks. But a history
of financial crises has shown that it can also magnify the impact of a shock, if this
shock exceeds the financial sector’s capacity. Governments must therefore assess
their financial system’s ability to absorb climate shocks, to ensure it can play the
role of adaptation facilitator and not create a crisis (see toolbox Jin the main text
of this guide, for example, on stress testing approaches).

Climate change and natural disasters can impact the financial sector balance sheets
through four overlapping channels:

» Operational risk, such as damages to financial infrastructure
» Market and liquidity risk, such as brutal changes in asset valuations

» Credit risk, including shocks that adversely affect borrower repayment
capacity or lower collateral prices

» Underwriting risk, including errors in pricing of (re)insurance liabilities.

Transparency alone could help reduce future losses. Information on firms’
exposure to disaster and climate risks can help investors and decision makers adjust
investments and portfolios to reduce exposure and future losses. Transparency
on disaster and climate risks, as advocated by the Task Force for Climate-related
Financial Disclosures,’ would also send a strong signal to firms’ management that
this is a topic of concern for investors, creating an incentive for all firms to manage
their long-term risks better.

Regulators could also consider imposing appropriate requirements to ensure
firms’ risk management approaches adequately capture investment risk profiles
regarding natural hazards and other adaptation-relevant climate risks. Authorities
can set out regulatory guidance or supervisory expectations to enhance firms’
responses to these risks and actively monitor their implementation by integrating
climate risk into existing regulatory frameworks. They should aim to address all
aspects of firms’ governance, risk management, and disclosure practices.
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Prioritization, implemention,
and monitoring progress

© LEAD MINISTRIES: Finance/economy and ministry or agency in charge of climate

change (often environment)

To effectively implement and assess these actions, governments must not only
prioritize actions to make them compatible with available resources and capacity;
they mustalso establish arobust institutional and legal framework, and a consistent
system for monitoring progress. The objective is to ensure that all government
departments and public agencies adopt and mainstream the adaptation strategy
in all their decisions, and that governments continuously monitor and evaluate
the impact of their decisions and actions, so they can address any challenges and
adjust their actions accordingly.

ACTION A.1 >>

Create a strong institutional and

legal framework, with appropriate

stakeholder involvement

The policy actions discussed in this report require an appropriate institutional
and legal framework. Indeed, climate change framework laws can be crucial for
formulating short-and long-term climate change targets—for example, most
climate change framework laws have a “knowledge” or “data” component, which
can help ensure that climate change-related information is available to public and
private decision makers (Action 1.7). To ensure that climate change is properly
addressed, a strong institutional framework is also needed, that:

» Adapts the mandates of existing ministries, agencies, or institutions

» Creates new agencies or committees when necessary (for example, water
management agencies at the watershed level)

» Establishes an overarching coordination body to ensure stakeholder

involvement at each stage of the adaptation and resilience process, from
strategy design to implementation and monitoring.
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ACTION A.2 >>

Design an adaptation and resilience strategy

with prioritized actions

Once they have established the appropriate institutional and legal framework,
governments can design their adaptation and resilience strategy, with precise
interventions, investments, and policies. No country has the capacity and
resources to implement all possible measures and interventions for increasing
resilience. So, prioritizing interventions is one of the adaptation strategy’s
(and the finance ministry’s) main roles, as this will ensure the efficient use of
limited resources. Multiple tools are available for prioritization, from traditional
methods for appraising investments to more holistic approaches that account
for societal benefits and uncertainty (see toolbox K in the main text of this guide
and an illustration in figure S.9). The latter are crucial, as some interventions
that may not be justified on the basis of pure economics are essential to protect
communities from catastrophic risks. Overall, prioritization methodologies
enable decision makers to identify a concrete subset of interventions that are
most likely to deliver large net benefits. While some of these will target short-
term priorities, they should also align with long-term plans and objectives—for
example, governments should ensure COVID-19 recovery programs align with
long-term growth objectives (spotlight S.2).

SPOTLIGHT S.2 >>
COVID-19

A stimulus and
recovery package
that builds
resilience

To accelerate recovery once the
COVID-19 health emergency

is under control, many
governments are planning to
introduce massive stimulus
packages. These can be improved
by considering not only the
short-term needs for jobs and
economic activity, but also
actions to boost the resilience
and sustainability of future
development paths.

Governments can use a
sustainability checklist, for
example, to screen potential
projects, policies, and measures
for inclusion in a stimulus
package. Checklists should
include:

» Short-term questions, such
as: How many jobs will be
created? Over which timeline?

p

X

Long-term questions, such
as: Does the intervention
enhance the long-term growth
potential (for example, by
improving the population
skillset)? Does it make the
economy and population more
resilient? Does it facilitate the
transition to a zero carbon
economy and contribute to
protecting and building natural
capital?

The key objective is to maximize
short- and long-term gains
through a careful selection of
interventions.
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FIGURE S.9 >>

Using different metrics to measure risk can lead to different priorities for action
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Source: Walsh and Hallegatte 2020.
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ACTION A.3 >>

Set concrete sector-level targets to guide

implementation by line ministries

Transport, energy, water, environment, social protection, and other ministries
will implement and fund most adaptation and risk reduction interventions, and
local authorities will also be important players. To allocate responsibilities, an
adaptation and resilience strategy can set sector-level targets for 2025 or 2030,
leaving detailed policy implementation for achieving the targets to the relevant
ministries. The main text of this guide provides a list of potential indicators that
can be used to set these goals. Having a representative body such as parliament
approve a list of targets could significantly improve ownership and accountability
and strengthen the strategy’s authority. It could also help institutionalize a formal
and regular reporting process (Action A.6).

ACTION A.4 >>

Screen all public policies and expenditures

for disaster and climate risks, and align

them with adaptation targets

Adaptation measures can only be cost-effective if all investments and planning
decisions consider climate-related risks in their design. To mainstream adaptation
measures in this way, governments must systematically screen relevant policies
and expenditures—even those without an explicit adaptation or climate rationale—
to avoid any negative effects on adaptation objectives. One priority is improving
public investment management (PIM) to include specific actions and controls that
will ensure public investments are consistent with adaptation strategy objectives
and consider disaster and climate risks. The ultimate goal is mainstreaming climate
change considerations in PIM across all institutions and all projects. Multiple tools
are readily available to help governments conduct such a screening process. These
include the World Bank Group’s climate risk screening tools, which help project
development teams assess possible climate change or disaster risks to their project
and identify interventions for reducing risks and increasing resilience.
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ACTION A.5 >>

Allocate appropriate funding

to the adaptation strategy

Once an adaptation and resilience strategy has been prepared, it needs to be
appropriately funded. A small dedicated adaptation budget may be needed,
especially for monitoring and evaluating progress. However, most of the
funding needs are for sectoral interventions—for example, more resilient roads,
investments in irrigation, financial protection instruments, and so on. To fund
such interventions, governments can create dedicated funds with the mandate of
funding investment in resilience or climate change measures (adaptation and/or
mitigation). But it may be preferable to integrate adaptation and resilience funding
into sectoral budgets, rather than create dedicated budgets. For example, funding
investments to increase resilience in the transport system through the transport
infrastructure budget would ensure investments in the transport system and in
transport resilience are consistent and synergetic. Budget tagging and expenditure
reviews (toolbox L in the main text of this guide) can help track resources spent on
adaptation and resilience, even when they are integrated in general budgets.

ACTION A.6 >>

Track progress over time, and

review and revise the strategy

Adaptation and resilience strategy can be further strengthened as new challenges
and insights become apparent over time. Continuous tracking of progress
indicators can highlight specific sectors in which implementation lags behind. If
milestones are missed, implementation challenges—such as capacity or resource
constraints, or coordination failures between implementing bodies—may become
apparent that were not accounted for in the initial strategy design. Flexibility in
the adaptation strategy would allow course corrections and adjustments to be
programmed as integral elements of the strategy, rather than being regarded as
admissions of failure. Such strategy revisions are also likely to become necessary
as new challenges and risks arise—for example, the COVID-19 pandemic forced
governments to reevaluate their approach to emergency management. Scientific
advances and technologies are also likely to become available, enabling actors to
implement actions in more targeted, cost-effective ways.
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The Adaptation Principles:

Introduction

Climate change is causing risks
and pressures that increasingly
force societies to rethink their
priorities and principles for
achieving societal well-being and
economic development.

Proactive and robust actions are
crucial to safeguard the continued
potential of sustainable development
(GCA 2019). If prioritized according to
countries’ objectives, needs and risks,
such actions can help reduce and
manage climate risks, and accelerate
development and poverty reduction.

This guide aims to help ministries of
finance or economy—who oversee
the wider economic system—to
design national strategies for climate
change, adaptation, and resilience. It
does not go into detailed adaptation
strategies at sector level; rather, it
spells out concrete macroeconomic-
level actions to help countries’
socioeconomic systems adapt to the
challenges of climate change. These
actions reflect universal principles
for effective climate change
adaptation, though the relative
importance and sequence of these
actions will differ by country.



Climate change impacts—and therefore the benefits of adapting to them—are
often far in the future and uncertain in magnitude and even in nature. But this guide
emphasizes that interventions dedicated to adapting to long-term climate change
can also make countries more resilient to today’s shocks and hazards. Despite the
uncertainty around future climate change, most of the interventions highlighted
here are robust, in the sense that they will deliver benefits independently of the
exact manifestation of climate change. So, while policy design needs to manage and
consider long time horizons and uncertainties, these are not obstacles to designing
and implementing robust and efficient adaptation and resilience strategy.

This guide is organized in sections that cover various policy domains, starting with
the foundations (rapid and inclusive development). It then focuses on four priority
action areas in turn, with recommendations on allocating responsibility and actions
that governments can implement. The guide concludes with recommendations for
prioritizing, implementing, monitoring, evaluating, and regularly reviewing an
adaptation and resilience strategy. The annexes provide examples of indicators
that governments can use to define policy targets or track progress over time and
how to use indicators to identify policy priorities.

Throughout the guide, there are practical tools, concrete examples and other
information to guide decision makers through the principles of adaptation and help
governments formulate effective climate change adaptation strategies that enable
their societies to thrive in a time of climate change.
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TAKING ACTION >>
Tools for formulating effective climate change adaptation strategies

Screening questions >>
Identify and tailor actions

Every country faces a unique set
of opportunities and risks. Some
may have already achieved
impressive progress in
implementing climate change
adaptation measures in certain
sectors, but less so in others.
Designing a climate change
adaptation strategy will require
decision makers to carefully
evaluate their country’s unique
set of risks and past
achievements in adaption, to
identify priority measures.

The screening questions in this
guide will help decision makers
identify the most urgent and
effective actions that can help
increase climate resilience, and
tailor them to their country’s
specific needs and
circumstances.

Sample targets
and indicators >>

Monitor and evaluate
progress

A national adaptation strategy
can only be effective if itis
implemented consistently, and
its progress is monitored
continuously. A range of
indicators can help
governments assess their
implementation progress. The
good news is that the majority
of such indicators are based on
socioeconomic data that most
countries already collect.
Monitoring the indicators can
help a government to not only
track progress, but also adjust
and improve its strategy as new
insights are won.

The concrete indicators
proposed in this guide can help
decision makers monitor and
evaluate progress towards the
objectives mandated by a
national adaptation strategy.
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Toolboxes >>

Evaluate risks
and opportunities

How should a country evaluate
its unique climate risks and
socioeconomic vulnerability? A
wide range of data sources and
analytical tools exists to help
decision makers quantify risks
and make informed planning
and investment decisions, even
in the face of uncertainty about
the long-term implications of
climate change and
socioeconomic trends.

The toolboxes in this guide
highlight key quantitative
indicators and the main
analytical approaches that can
be applied to address these
questions. These tools are also
essential for answering the
screening questions to guide
future actions.

COVID-19 >>

Explore how the pandemic
changes response

The COVID-19 pandemic has
created a major financial and
economic crisis, though it is still
too early to evaluate its
magnitude, duration, and
implications. Governments
across the world have started to
respond to COVID-19, through
emergency strengthening of
health care and social protection
systems. They are also likely to
implement large recovery and
stimulus package to hasten the
recovery. After the crisis is over,
this response is bound to leave
countries with even larger debts.

The COVID-19 spotlights in this
guide explore how the current
context of health and economic
crisis changes the priorities and
preferred solutions to build
resilience and adapt to climate
change, over the short, medium,
and long term.

INTRODUCTION 29






Foundations:

Rapid, robust,
and inclusive
developmentis
the first priority

Poverty—in terms of income and access to financial

° LEAD . . . .
MINISTRY: and public services—is one of the main reasons why
T o countries and people are highly vulnerable to climate
finance change (Hallegatte et al. 2016b). Together, these

factors determine to a large extent how people can
manage climate change and the accompanying risks.
For example:
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» Many smallholder farmers in low-income countries have low incomes,
few savings and little diversification. This makes them highly vulnerable
to losing crops to drought, floods, or pests. Their savings are often in
livestock, housing, or some other material form, which can be lost in a
natural disaster.

» Many cities in low- and middle-income countries (LMICs) lack basic
infrastructure to cope with climate-related risks and provide the services
the population needs to manage these risks. For example, many informal
settlements lack basic drainage infrastructure, have congested and
vulnerable road networks, and poor-quality housing, leaving inhabitants
vulnerable to high temperatures, floods, or landslides.

» Many people in LMICs have limited access to health care or constrained
health coverage, so any disease—whether related to climate stresses and
shocks or not—can push them in poverty. With the expected impact of
higher temperatures on many water or vector-borne diseases, better
access to health care will help reduce social vulnerability.

Development and poverty reduction are therefore extremely effective adaptation
options. With climate change impacts expected to increase rapidly over the next
decades, getting people out of poverty-driven climate-vulnerability situations
is urgent. As climate shocks become more frequent, experience shows that poor
people can be trapped in a vicious cycle of disaster loss, lack of capacity to recover,
and reduced resilience when the next shock strikes. Only rapid and inclusive
development can ensure that nobody is left behind.
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TAKING ACTION >>
Screening questions

Identify actions
to lay the
foundations for
climate-resilient
societies

A strong, robust, and inclusive
economy can lift everyone,
and thus increase people’s
capacity to manage risks and
cope with shocks. But in which
areas could further progress
be made? The following
questions can help decision
makers identify shortcomings
and guide them towards the
actions needed to strengthen
the foundation of resilient
societies.

ACTION F.1 >>
Rapid and robust
development

Is the economy fulfilling
its potential in terms of
productivity and economic
growth?

Does the macroeconomic
system have appropriate
buffers against unexpected
shocks?

Could include: sustainable
public and private debt levels;
foreign currency reserves

ACTION F.2 >>
Inclusive development

Is economic growth inclusive?

Could include: growth in
income among the bottom

40 percent; income of the
bottom 20 percent; fraction of
population living on less than
$1.90 a day

Are farmers’ productivity and
income growing?

Could include: incomes levels;
access toirrigation, hybrid
seeds and mineral fertilizers

Is the country on track to
achieve universal access
to modern infrastructure
services?

Could include: electrification
rates; access to improved
water and sanitation

Is the country on track to
achieve universal financial
inclusion?

Could include: progress in
increasing access to saving
accounts, borrowing, and
insurance

Is the country on track to
achieve universal access to
health insurance coverage to
prevent catastrophic health
expenditure?

Could include: out-of-pocket
health expenditure; access to
basic health care

Does the country offer
widespread social protection
coverage?

Could include: share of
population covered by social
protection; transfer amount as
share of income

Is the country actively
managing risks in vulnerability
hotspots created by conflict or
exclusion?

Could include: number of
conflict-related victims per
year; existence of a peace-
building initiative

FOUNDATIONS 33



ACTION F.1 >>
Increase economic productivity

and growth, while keeping
buffers for shocks

© LEAD MINISTRY: Economy or finance

The priority for reducing future climate change
impacts is rapid and inclusive development and poverty
reduction. So, although all the recommendations in
this section aim to ensure consistent and inclusive
growth, they are also relevant for climate change
adaptation. Recommendations to improve economic
growth and accelerate development have been widely
studied and advocated (see, for example, IMF 2014),
and typically include:

» Good governance, with the right institutions and
rule of law, macroeconomic stability, and low
barriers to entry for new products and firms, to
make sure people have the right incentive to invest

and create jobs with a conducive business environment

TAKING ACTION >>

Sample targets
and indicators

» Average productivity
growth

» Economic growth
» Debt-to-GDP ratio

Structural deficit

» Investment in human capital, including health and education, to ensure
everyone can achieve their potential and contribute to development and

growth

» Investment in efficient infrastructure and trade networks, to increase
productivity and benefit from domestic and international trade.

Economies are more resilient if they have buffers that can be mobilized in case
of unexpected shocks. This includes keeping fiscal space in case of unexpected

spending needs or drop in revenues, but also a manageable level of private debt and

currency reserves.
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ACTION F.2 >>
Ensure that economic growthis inclusive

© LEAD MINISTRY: Economy or finance

Although economic growth usually benefits the poor (Dollar et al. 2013), rapid
economic growth can hide large heterogeneity across regions or socioeconomic
groups (Ravallion 2016). Since vulnerability to climate change is highest among
the poorest, inclusive economic growth that benefits the poorest will be most
efficient in terms of reducing the impact of climate change and natural disasters.
Three aspects are particularly important: smallholder farmers’ livelihoods,
access to infrastructure services—for example, sanitation services in poor urban
neighborhoods—and access to risk management tools such as savings accounts,
health care, and social protection. Toolbox A offers concrete quantitative examples
of how these dimensions can be explored using commonly available data and
specialized indicators, such as the University of Notre Dame Adaptation Initiative’s
ND-GAIN index or the World Bank’s Socioeconomic Resilience Indicator.

Improve the livelihoods of smallholder farmers

Smallholder farmers in low-income countries are particularly vulnerable to
climate change, as they directly depend on climate conditions—for example, for
irrigation—and because their seeds and species may not be adapted to future
climate conditions. In modeling estimates, the impact of climate change on
agriculture has the biggest effect on poverty, through reduced yields or increased
food prices (figure 1).

FIGURE 1 >>

Climate change impacts on the poorest people, by source
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People pushed to extreme poverty due to climate change (millions)
Source: Jafino et al. 2020.
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Climate-smart agricultural practices can increase productivity and resilience
(Cervigni and Morris 2016). But making practices more productive and resilient
requiresamajor shiftinland, water, soilnutrients,and genetic resource management
to ensure more efficient resource use. Crop improvement, smarter input use,
strengthening crop resistance to pests and diseases, and reducing post-harvest
losses can contribute to sustainable agricultural intensification, increasing food
production (Beddington 2010; Tilman et al. 2011). Innovation is needed to increase
yields, and all farmers—even poor ones—must broadly adopt new techniques that
result from innovation. Helping rural households enter nonagricultural occupations
can also reduce their vulnerability to climate change. For example, combining cash
transfers with other diversification interventions, such as vocational training or
productive investment grants, helps households diversify their income sources and
become more resilient to drought (Macours et al. 2012).

Achieve universal access to infrastructure services

Globally, the infrastructure gap continues to be large: 940 million people lack
access to electricity; 663 million have no access to safe drinking water; 2.4 billion
lack adequate sanitation facilities; and 1 billion live more than one kilometer away
from an all-season road. Uncounted numbers cannot access work and education
opportunities because transport services are unavailable or unaffordable. Providing
universal access to reliable infrastructure services is central to increasing public
health and welfare, thus ensuring sustainable economic development.

To achieve ambitious poverty reduction and sustainable development goals in a
resilient and low-carbon way, countries must continue to invest in infrastructure

TAKING ACTION >> » Poverty headcount or change » Access to modern energy,
Sample targets in poverty headcount (last five improved water, or sanitation

and indicators e » Number of power or water
» Growth in income of bottom 40 outages per year
percent

» Share of population with a bank
» Average income of farmers account, health care coverage or

» Percentage of farmers with covered by social protection

access to fertilizers or improved » Total social protection spending
seeds

» Number of conflict-related
» Average share of household deaths in the last year
budget spent on food and
beverages
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development. How much they need to spend depends not only on their goals, but
also on the efficiency with which they pursue them (Rozenberg and Fay 2019). In
LIMCs alone, new infrastructure could cost 2—8 percent of gross domestic product
(GDP)—that is between $640 billion and $2.7 trillion—a year, depending on how
much electricity they want to make available for universal access, the technologies
they use for sanitation, the policies they put in place to limit urban sprawl or redirect
transport demand toward public transit and trains, the subsidies they give for
irrigation, and so on.

Accelerate financial inclusion, access to

health care, and social protection coverage

Boost financial inclusion: People use financial instruments, notably their savings,
to smooth consumption and limit the effects of income shocks (Kinnan and
Townsend 2012; Morduch 1995). However, most households—and almost all poor
households—have no or little savings in financial form. Instead, poor people often
save in kind, with livestock or housing investments, which tend to be more affected
by natural hazards than financial savings.

Access to credit allows households to finance otherwise unaffordable risk reduction
and climate change adaptation investments, and loan repayments are often less
than households pay in ongoing repairs or coping with climate change impacts.
After a shock, a lack of access to finance is a significant obstacle to recovery and
reconstruction, slowing down the return to normalcy and prompting people and
firms to rebuild as fast as possible at the expense of quality (Benson and Clay
2004; Hallegatte and Dumas 2009). Accelerating financial inclusion—particularly
ensuring that poor people have access to financial products that meet their needs
and have small transaction costs—would therefore enhance adaptation and risk
management (World Bank 2013).

At the same time, further action could support the positive impacts of remittances
on resilience. In 2014, the global burden of remittance transfer costs stood at 6.8
percent of overall transfers. Costs tend to be highest in sub-Saharan Africa, where
they average 9 percent (Ratha et al. 2020).2 This partly reflects limited competition
among service providers. The United Nations Open Working Group on Sustainable
Development has proposed reducing remittance costs to 3 percent, which would
translate into more than $20 billion annual savings for migrants. Commonly
available technologies such as instant mobile phone money transfers could help
streamline processes and reduce transaction costs.
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SPOTLIGHT 1 >>
COVID-19

Strong health care
systems are vital

The current crisis linked to
COVID-19 illustrates the need
for stronger health care systems
that can quickly detect emerging
diseases and promptly react

in the case of an epidemic.
There are clear synergies with
building the population’s
resilience to health-related
climate change impacts. We can
expect significant investments
in health care systems in the

the world’s ability to manage
epidemics and new diseases,
and there is an opportunity to
ensure that these new systems
are designed to swiftly identify
emerging diseases due to
climate change and provide a
prompt, appropriate response.
In the context of “One health”,
the need to respond quickly to
emerging diseases also applies
to diseases affecting animals and

next few years to improve livestock.

Improve health care and universal health coverage: Climate change is expected
to increase the burden of disease. For example, higher temperatures will affect
vulnerable elderly and infant populations and the incidence of water-borne
diseases, diarrhea, and some vector-borne diseases such as dengue and malaria
will increase. The World Health Organization estimates that 100 million people fall
into poverty each year paying for health care (WHO 2014). Financial risk protection
varies widely, and out-of-pocket health expenditures are extremely high and
variable for people in low-income countries. Improving health care coverage and
lowering out-of-pocket expenses would help the poor manage catastrophic health
expenditures, efficiently reducing both poverty and the health impacts of climate
change (Jamison et al. 2013).

Countries can provide health coverage at all income levels, but context and
implementation challenges will determine the optimal path they take. Whichever
this is, insurance coverage alone is not enough. Improving health care systems—
through staff training, vaccination programs, information campaigns, access
to rapid diagnostic kits and drugs for treatment—is essential. With significant
investments over the next 20 years, low-income countries can raise their health
care levels to match the best middle-income countries today (Jamison et al. 2013).

Create strong social protection systems: Savings, borrowing, and insurance have
their limits, particularly in the poorest households. Social protection programs
therefore have a key role to play, but 55 percent of the world population is not
covered by any program today (ILO, 2017). Even if they are not designed to protect
people against natural disasters and cannot be adjusted or scaled up in response
to a shock, social protection programs can increase the share of income poor
households receive from transfers, improving their resilience to localized shocks.
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In Bangladesh, the Chars Livelihood Programme protected 95 percent of recipients
from losing their assets after the 2012 floods (Kenward et al. 2012). And in Mexico,
beneficiaries of Prospera—the national cash transfer program previously known
as Oportunitades or Progresa—are less likely to withdraw their children from
school after a shock (de Janvry et al. 2006). In the United States (US), nondisaster
programs such as Medicare and unemployment insurance automatically increase
their support to affected populations after a hurricane makes landfall (Deryugina
2017). Postdisaster support through nondisaster programs is also more than five
times larger than the dedicated transfers that follow federal disaster declarations.

Ensure adaptation strategies include support for people

in conflict zones, who are particularly vulnerable

Even in countries with rapid economic growth, entire regions or communities
can be left behind due to political or armed conflicts, or exclusion based on
ethnicity or religion. Such regions or communities are likely to become hotspots of
vulnerability to natural disasters and climate change, with potential consequences
for the rest of the country through migration or unrest. Adaptation strategies
should ensure that development and progress reach excluded and conflict-ridden
areas and communities.

FOUNDATIONS 39



TAKING ACTION >>
Toolbox A

A simple indicator-
based analysis to
identify priorities

for action

N pn
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If the socioeconomic context
and development trends

do not help reduce people’s
vulnerability to climate
change, it is unlikely that
targeted intervention can
make a big difference. A
simple analysis based on
available indicators can help
identify which socioeconomic
trends are problematic

from a climate change
vulnerability perspective, and
therefore identify promising
opportunities for change.
Annex 2 provides some
examples of how widely
available indicators, such

as the World Development
Indicators, can provide insights
on possible policy priorities
to ensure that development
contributes as much as
possible to adaptation and
resilience.

For example, figure A.1
shows that Mongolia lags
other countries at similar
income level in terms of access
to improved sources of water,
suggesting the existence

of opportunities to build

the population’s resilience

in this sector. Feyen et al.
(2020) provide an indicator-
based analysis to look at the
correlation between exposure
and vulnerability to disasters
and climate change, and
macrofinancial risk indicators
generated by the Economist
Intelligence Unit (EIU). This
analysis highlights that most
countries that are heavily
affected by disasters or expect
to be strongly affected by
climate change already face
significant macrofiscal risks.
Figure A.2illustrates this
correlation with disaster losses
and public debt risks.

Itis also possible to use some
of the indicators recently
developed to measure
socioeconomic vulnerability
or resilience. These have
different scopes, focuses,
strengths and weaknesses.
But most allow users to first
explore aggregated indicators
(such as resilience or
vulnerability) and then explore
disaggregated indicators
(such as farmer productivity or

FIGURE A.1 >>

Indicators of access to improved water sources
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Source: World Development Indicators, World Bank.

Note: Pink dots represent all countries with available data. The gray marker denotes Mongolia. GDP is
expressed as 2011 international $ in purchasing power parity (PPP).



exposure to storms) to identify
opportunities for improvement
in a given country. Examples of

such indicators include:

» InfoRM (Joint Research

Centre, European
Commission): InfoRM
measures the risk of
humanitarian crisis and
disasters and how the

conditions that lead to
them affect sustainable
development. It calculates
risk as the combination

of three equally weighted
components: hazard and
exposure, vulnerability, and
lack of coping capacity.

ND-GAIN Index (University
of Notre Dame Adaptation

FIGURE A.2 >>

Average losses from natural disasters and EIU debt risk index, 2017
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Source: Feyen et al. 2020, based on EIU’s Credit Risk Model, GermanWatch, ND-GAIN, and World

Development Indicators.

Notes: Countries above (below) country median in Notre Dame Readiness indicator in gray (pink). Average
losses (% GDP) are between 2005 and 2017.

FIGURE A.3 >>

Socioeconomic resilience (percent) by GDP per capita, 149 countries
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Initiative): An ND-GAIN
score measures a country’s
preparedness for climate
change, including but
going beyond natural
hazards, and depending

on its readiness and
vulnerability. It measures

a country’s vulnerability

by assessing its exposure,
sensitivity, and capacity

to adapt to the negative
effects of climate change,
looking at six sectors: food,
water, health, ecosystem
services, human habitat, and
infrastructure. It measures
a country’s readiness by
assessing its ability to
leverage investments

and convert them into
adaptation actions, looking
at economic, governance,
and social readiness.

World Risk Index (UN
University and University
of Bonn): This index
measures the vulnerability
of 171 countries to natural
disasters. It is composed

of four main indicators:
exposure to natural hazards;
susceptibility, which
depends on socioeconomic
conditions; coping
capacity, which depends on
preparedness, governance,
and security; and adaptive
capacity related to future
natural events.

Global Climate Risk

Index (GermanWatch):
Published annually, this
index analyzes the extent to
which countries have been
affected by weather-related
losses, including storms,
floods, and heat waves.

The index is populated

with data from Munich Re’s
NatCatSERVICE and the
International Monetary Fund
(IMF), among others.
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TAKING ACTION >> Toolbox A

The World Bank developed
the Socioeconomic Resilience
Indicator, now available in
149 countries (figure A.3).
Socioeconomic resilience

is defined as a country’s

or population’s ability to
cope with and recover from
direct damages caused

by natural disasters. It is
estimated with a simple
model of how households
can manage disasters, and
estimates of direct disaster
impacts (UNISDR 2015). For
each country, it provides an
estimate of socioeconomic
resilience and risk to well-
being.

Socioeconomic resilience
depends on three main
dimensions:

» The difference in exposure
and vulnerability between
richer and poorer people:
if poor people are more
exposed or vulnerable,
the same economic loss
in absolute terms will have
a bigger impact on their
well-being

» Access to tools and
instruments to manage the
shock, such as remittances,
savings, emergency
borrowing, insurance, and
social protection

» The government’s capacity
to respond and support the
population.
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Because the indicator is based
on amodel, it can also be used
to estimate the benefits of
various interventions, in all

the covered countries. For
example, figure A.4 shows
the benefits of 11 different
policy interventions in terms
of reduction in asset and
well-being losses in Malawi.

The same reduction in asset
losses—of, say, $1,000—
reduces well-being losses
more if the beneficiary is a
poor household, for whom
$1,000 is a lot. Similar
estimates are available for all
countries on the World Bank
platform (Hallegatte et al
2016b).

FIGURE A.4 >>

Effects of policy options on asset and well-being losses in Malawi
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Adaptation is not the sole responsibility of the
government. All private actors—households and
firms—have an incentive to minimize the impacts of
climate change on their own well-being or productivity.
The government’s role is to ensure that all actors,
especially the poorest and most vulnerable, can access
the resources they need to adapt to climate change and
maximize the efficiency of the adaptation process.

Three main constraints prevent private actors

from taking adaptation actions: access to data and
technologies, access to financing instruments and
resources, and the need to coordinate with other actors.
The latter is a challenge in the absence of public action
or facilitating institutions such as business associations.



TAKING ACTION >>
Screening questions

Identify actions to

enable firms and

people to adapt
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People need to be empowered to take effective adaptation and
risk management decisions. But do they have the information,
tools, and resources they need? The firms that provide goods,
services, and jobs also need to adapt so they can offer people
sustainable and resilient livelihoods. Are they on track to do
so? The following questions can help decision makers identify
shortcomings and guide them towards the actions needed to

enable firms and people to adapt.

ACTION 1.1 >>
Data and information

Have comprehensive climate
and risk assessments been
completed?

Could include: hazard maps for
the most important threats are
publicly available

Is the uncertainty on current
and future risks publicly
communicated?

Should include: several
contrasted scenarios for
possible future climate
change are available to inform
on uncertainty in climate
projections

Can all economic actors and
public agencies access data
on natural risk at an affordable
cost and in a practical format?

Could include: open risk data
repositories are available

ACTION 1.2 >>
Responsibilities
and incentives

Are roles and responsibilities
for disaster and climate risk
management clearly defined?

Could include: presence
of a designated disaster
management authority; a
disaster risk management
framework law is passed,
clarifying responsibility and
liabilities

Does the country have
institutions and agencies in
charge of managing shared
resources?

Could include: watershed
agency is established to share
water across various users

Do private actors know the
level of residual risk they
are exposed to, or the level
of protection offered by
public infrastructure and
instruments?

Could include: maps of residual
flood risks, accounting for
public flood defenses, are
available



ACTION 1.3 >>
Technology
and innovation

Has the government
addressed trade barriers
that limit the use of essential
technologies?

Could include: average tariff
on disaster management
technologies or goods

Are policies in place to
actively support adopting or
developing new technologies
for resilience?

Could include: existence
of—and investment in—an
agriculture extension program

ACTION 1.4 >>
Financing and support
to the poorest and most
vulnerable people

Can private actors access
adequate financing

for adaptation-related
investments?

Is the government providing
specific financing instruments
to facilitate people’s
investments in adaptation and
risk reduction?

Could include: volume of
financing in windows targeting
climate change adaptation

Has the government identified
and started supporting the
most vulnerable population
groups, whose poverty
prevents them from adapting
to climate change?

Have actions been taken to
mitigate the most severe
impacts of climate change?

Do vulnerable groups have
access to affordable financial
instruments that can help
them manage risks and reduce
their vulnerability?

Could include: total amount
of resilience support to poor
vulnerable communities

ACTION 1.5 >>
Strategic structural
transitions

Does the government have
policies in place to actively
manage the strategic decline
of sunset sectors?

Could include: skills retraining
schemes; social protection

Is the economy diversified,
rather than being
concentrated in one sector
that may be vulnerable?

Could include: share of exports
in one agricultural commodity

Does the country have a
diversification strategy, based
on either assets—such as
investments in education—or
active industrial policies?
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ACTION 1.1 >>

Assess disaster and climate risks,
and make the information available

© LEAD MINISTRY: Environment (or disaster risk management or climate change agency)

Governments need to ensure the information people need to adapt to climate
change and manage natural risks is widely accessible, free, or affordable, and in a
simple format that decision makers can use. They can assess needs from firms or
households, for instance using surveys. In Turkey, IFC and EBRD (2013) show, for
instance, that 76 percent of firms lack information on technological solutions for
adapting to climate change, and 78 percent lack access to financial instruments to
implement them. Data and knowledge on future climate change and climate change
impacts have a public goods nature, and private actors will tend to underinvest, in
the absence of public support. Information needs and technical capacity also differ
across actors—for example, between a national power utility and a household—so
different information platforms and tools are required. Ideally, rather than simply
provide information, the data platform will support decision making.

People and firms need information on:

» Threats from natural hazards: The first step is identifying spatially
disaggregated threats from natural hazards, including floods, storms,
and landslides. Global datasets and models can give all countries a rough
indication of the spatial distribution of disaster and climate risks. These
include the simple metrics for the 11 types of natural hazards recorded
in the ThinkHazard database® or the climate change scenarios collected
in the Climate Change Knowledge Portal.* Several providers offer more
detailed information from global models.® Maintaining consistent
georeferenced records of past disasters and investing in risk data and
models—such as hydrological models, maps of flood hazards and digital
elevation models—is vital. Countries can then use these hazard maps to
assess risks by combining them with exposure maps of the population
and assets and vulnerability models that describe impacts or damage to
people and assets. There are many examples of natural risk assessments,
such as the UNDRR’s Global Assessment Report (UNISDR 2015), the Global
Facility for Disaster Reduction and Recovery (GFDRR) country profiles,®
and other, more detailed assessments.

» Threats to human capital: It is important to consider the effect of
climate change on health and productivity, especially for people whose
livelihoods depend on outdoor tasks. It is well documented that higher
temperatures lead to lower labor productivity (Hallegatte et al. 2015).
With climate change scenarios projecting that summers may exceed
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50°C in several regions, the macroeconomic impacts on productivity are
likely to become significant in many countries (Heal and Park 2016).” It
is also well documented that natural disasters leave victims with mental
health issues that can make it difficult to return to a normal life, even
after physical recovery (Berry et al. 2010). Mental health challenges
have a major and direct impact on quality of life, while the cost of
mental health care and effects on labor productivity have financial and
economic implications.

Threats to key sectors: To analyze possible effects on agricultural
production, tourism, or infrastructure service delivery, a first step
is identifying which of the main production or employment sectors
are most sensitive to climate variability. There are many tools to then
estimate how climate change could affect productivity. For example,
the AgMIP data portal® offers many agriculture scenarios, based on
multiple climate and crop models. For energy demand and generation
or water availability, the Climate Change Knowledge Portal* has country-
averaged indicators and geospatial information to serve as an input for
such assessments. The Inter-Sectoral Impact Model Intercomparison
Project’s dataset® also provides indicators for physical impacts such as
water availability and impacts on water-borne diseases, other health
issues, coastal flood risks, fisheries, ecosystems, and permafrost, which
is important for infrastructure design in cold regions. Countries can use
such analyses to estimate the economic costs of climate change to these
sectors—for example, whether rising water scarcity will increase the
cost of water provision or whether energy demand for air conditioning
will increase energy costs.

TAKING ACTION >> » Number of weather or » Risk assessment for main
Sample targets hydr_ological ob‘serva‘tion economic sector dpne and
Al e R RS stations operational in the publicly aygllable, including -
country opportunities where competitive

» Real-time availability of SONEIMEG I 7R 07

hydromet observations » Data platform providing easy
access to hazard and climate

» Time series of hydromet change scenario data

observations are freely available

» Guidance materials and
methodologies available to
users on how to access and
include disaster and climate
information in decision making

» Percentage of country covered
by high-resolution digital terrain
model or hazard maps for
current and future risks, with
multiple scenarios
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» Cross-border threats, including risks linked to food prices: Some
impacts of climate change will affect regions and countries indirectly.
For example, a place where crop yields increase can still be a net loser if
yields increase even more in another place, thus diverting investments
and jobs. Import costs can also grow in response to productivity losses,
so North Africa and the Middle East, which rely heavily on food imports,
are particularly exposed to the impact of climate change on global food
markets.

Identifying future climate change impacts therefore needs to go beyond direct,
localized effects and think more broadly about global consequences and their
implications. Countries can start investigating indirect threats by listing their
main imports and exports, identifying those that are most sensitive to climate
change—like agriculture and forestry—and those that play a key role. For example,
countries might import a large share of domestic consumption or export a large
share of production. If exports are sensitive, there is a risk of a drop in external
income; if imports are sensitive, there is a risk of higher import prices. Both can
threaten the trade balance and macroeconomic stability (see Priority Area 4).

Many countries have created specific processes for generating and disseminating
this information to the public. For example, the United Kingdom (UK)’s Climate
Change Act 2008 mandates the government to produce a comprehensive,
nationwide, climate change risk assessment every five years, followed by a set
of national adaptation plans. The Climate Change Act also creates a common
analytical resource in the form of the Committee of Climate Change to help
develop and implement regional policy frameworks. Similarly, Costa Rica’s
Scientific Council on Climate Change is an independent consultative body of
academics, researchers and experts to advise the government on climate science
and technological development.”” The council is attached to the Ministry of
Environment and Energy’s Climate Change Directorate and prepares reports at the
ministry’s request. It also has the authority to express itself on relevant matters.

One important consideration relates to uncertainty on future climates and the
likelihood of various natural hazards. While uncertainty does not prevent action
to reduce risk and build resilience, it impacts on which action to implement. It is
preferable to avoid any action that would deliver benefit only if future risks and
climate change are exactly as expected based on current models and data, and
favor instead robust interventions that deliver benefits in a broad range of possible
futures (see toolbox K for methodologies).

In thinking about how they communicate climate change information to the public,
governments need to ensure they highlight the large uncertainty around future
climate change impacts and do not focus on a single “most likely” scenario. Doing
so could give households and firms overconfidence in these scenarios and choosing

48 THE ADAPTATION PRINCIPLES



the adaptation options that work best in them. This could have catastrophic
outcomes if future climate change differs from the “most likely” scenario. While
there is an understandable temptation to provide a single simple scenario to make
it easier for users to access climate information, it could lead to maladaptation and
higher, not lower, vulnerability. Figure 2 illustrates this challenge for Senegal,
where some climate models project an increase in annual precipitation while
others project a decline. A robust adaptation action must provide benefits in both
possible scenarios.

FIGURE 2 >>

Precipitation change over Senegal in 2080-2099 (RCP8.5 scenario), according to two state-of-the-art
climate models, and ranging from a significant decline to alarge increase

CSIRO model GFDL model
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Source: World Bank’s Climate Change Knowledge Portal.*
Note: CSIRO is Australia's Commonwealth Scientific and Industrial Research Organisation; GFDL is the Geophysical Fluid Dynamics Laboratory in the US.
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ACTION 1.2 >>

Clarify responsibilities and
align incentives with adaptation
and resilience objectives

© LEAD MINISTRY: Economy or finance

Private actions to manage climate change and natural
disasters may be impaired by an unclear allocation TAKING ACTION >>
of responsibilities. Firms and populations in a flood Sample targets
. and indicators
zone may assume that flood management is the
responsibility of the local or national government, so
they do not need to make their own investments to
reduce risks or adapt to climate change.

To ensure households and firms are making the right » Law allocating
responsibilities and

decisions, governments should clearly establish liabilities for disaster
responsibilities and liabilities in law and communicate risk management

. and climate change
these to all private actors. In the Netherlands, the impacts passed

government is responsible for providing protection >
from floods, but only up to a certain level. It publishes

Target level of
residual risks
published and made

simple maps outlining residual flooding risks despite Publicl)l' avsilablﬁ—for
. example, throug

the flood defenses. These maps help all private actors residual flood risk

decide where to buy a house or build a factory, the maps

construction standards they should implement and the g fpec'al'zed agencles
0 manage water

levels of financial preparedness they will need. sharing at the
watershed level
established

Allocating responsibilities may require significant

institutional and legal reforms. In 2012, Colombia’s

Law 1523 created a national risk management policy

and system to identify, monitor and analyze risks related to climate change,
prepare measures to address situations of emergency, establish relevant financial
instruments, and develop a comprehensive communication and stakeholder
engagement system.'? This law preceded the adoption of framework climate change
legislation (Law 1931) in 2018, which specifies that the national and territorial risk
management plans required under Law 1523 should incorporate actions to foster
knowledge generation and reduce risk and vulnerability to climate change. It also
mandates the government to develop guidelines for disaster risk management
plans.

Countries must also recognize that they may not have the right incentives in place
for private actors to adapt (Hallegatte and Rentschler 2015; World Bank 2013). This
is generally due to coordination or governance failures. Coordination failures tend
to arise from lack of policies to help independent actors coordinate their actions.

50 THE ADAPTATION PRINCIPLES



For example, if multiple actors are interdependent, it may not be profitable for a
single actor to invest in resilience, unless all actors do (Kunreuther and Heal 2003).
In a world of interconnected supply chains, it may not make sense for a single
producer to build their own resilience to floods if they know the production process
will be interrupted by a lack of supplies or transport.

Governance failures are usually linked to ill-designed regulations and institutions.
In some cases, agencies are put in charge of managing a problem that they do
not have adequate resources for or are better managed at a larger spatial scale.
In some cases, small municipalities are put in charge of disaster risk or water
scarcity management when these challenges would be managed more effectively
at agglomeration or watershed levels. In other cases, public agencies or regulators
that are best placed to manage risks either do not have the mandate to do so, or
have overlapping mandates with other institutions, which can create conflicts and
inefficiencies.

This problem is particularly acute for infrastructure systems—especially when
service provision is ensured by private and public actors, for example through
public-private partnerships (PPP). If the responsibilities for managing risks from
climate change and natural hazards are not carefully and explicitly assigned to
the various parties involved—for example, the builder, the operator, the state,
and the user—then it is unlikely that adequate risk reduction measures will be
implemented. In the aftermath of a disaster, governments usually provide people,
firms, and infrastructure owners and operators with support. But the mere
possibility of public aid after disasters can create moral hazards, which to some
extent can discourage risk management and the purchase of insurance. However,
providing support during and after a crisis is a central government mission, and no
government should withhold such support just to avoid moral hazard, especially
when basic services—such as electricity, water, and transportation—are at stake.

Instead, effective risk management should rely on governments designing a
consistent set of regulations and financial incentives to align the interests of
infrastructure service providers with the public interest (figure 3).

First, for each hazard and infrastructure system, governments or regulators need to
define a minimum standard of resistance—that is, a hazard intensity below which
the service should not be disrupted. For example, road agencies are responsible
for ensuring that all roads can cope with a rainfall event that has a certain annual
probability of occurrence. Second, they need to define in a measurable and
quantified manner the level of acceptable risk—or force majeure—that is, the level
at which disruptions and damages have to be tolerated, because avoiding them
would be too expensive or technically impossible. Beyond this level, the risk from
a natural hazard is usually supported by the public sector (through a force majeure
clause). Below this level, at least part of the risk needs to be supported by the private
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FIGURE 3 >>

Creating the right resilience incentives for infrastructure service providers requires a consistent set of
regulations and financial incentives
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FIGURE 4 >>

Main causes of delivery delays in Tanzania
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service provider, to align the provider’s interest with the public interest. One way
of achieving this is by penalizing an infrastructure operator for disruptions—for
example, penalizing electricity utilities for extended power outages due to storms,
with fees corresponding to the social cost of such disruptions.

However, coordination issues also occur between private actors. A survey
in Tanzania highlighted that, when firms cannot deliver on time, delays are
predominantly caused by supply chain and infrastructure disruptions—rather than
problems with production (figure 4). In such cases, there are few incentives for
firms to invest in their resilience, thus locking the overall economic system into a
low-resilience equilibrium. While this situation may improve over time as economic
growth provides more resources to build resilience, governments can use targeted
policies to support and accelerate the process. This includes signaling a target level
of resilience that actors can use to calibrate investments (Hallegatte et al. 2019).

Reviewing existing subsidies to remove the ones that favor excessive risk taking
is also crucial. For example, poorly designed construction subsidies that make
housing more affordable can attract construction onto low-value, high-risk plots
andincrease the share of buildings in flood zones, while poorly designed agriculture
subsidies can incentivize excessive irrigation in situations of water scarcity or lead
to deforestation.

Even strong, targeted actions and investments to adapt to climate change are
unlikely to be effective if they are undermined by non-aligned measures that create
or increase climate risks. When and where subsidies are necessary to maintain
access to basic needs and fight poverty, they can often be redesigned to minimize
negative impacts on resilience and risk-taking—for example, by making agriculture
subsidies independent of quantities produced.

Private actors can sometimes transfer disaster and climate risk to others. This
happens, for example, when developers sell flood-prone houses at prices that do
not fully internalize the flood risks (Bin and Polasky 2004; Holway and Burby 1990).
Imperfect land markets and a lack of hazard risk data can incentivize people to build
in at-risk areas, unless public intervention—such as mandating to inform potential
buyers with hazard information or regulating construction in at-risks areas—
discourages them from doing so.

Public action may also be necessary to manage damages and externality from private
adaptation actions, particularly when it comes to shared resources like water. For
example, adaptation in agriculture can lead to unsustainable water use that threatens
long-term underground reserves or ecosystem health (Damania et al. 2017). In such
cases, governments may have to adjust operational rules for hydropower dams and
manage difficult trade-offs between the needs for energy generation, irrigation, and
recreational activities, while preserving enough flow to ensure healthy ecosystems.
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In another example, air conditioning use can threaten power system reliability and
lead to higher outdoor temperatures in cities (Stone et al. 2010; Silva et al. 2010).
In one case study, Viguié et al. (2019) simulated the effect of more frequent and
hotter heat waves on airconditioning in Paris, France. To maintain all buildings
at 23°C, they projected an average increase of 1.134 terawatt-hours in final annual
energy consumption. The extra energy consumption from cooling during a heat
wave corresponds to 81 percent of the city’s average daily electricity consumption
for offices and housing. This additional demand represents a significant challenge
and can lead to outages, especially in places where power systems are already
under strain and struggle to keep pace with growing energy consumption. Air
conditioning systems also release hot air outside of buildings. This increases
outdoor temperatures, impacting not only on outdoor thermal comfort, but
also on indoor comfort in dwellings without air conditioning (and for homeless
people). In all these cases, authorities should develop appropriate regulations to
ensure adaptation by one actor is not at the expense of others.
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ACTION 1.3 >>

Facilitate access to technologies
through research and development
investments and trade policies

© LEAD MINISTRY: Economy or finance, with environment/infrastructure

Effective adaptation will depend on countries being able to draw on the best available
technologies for mitigating climate change impacts, especially in the agriculture
and health sectors (GCA 2019). New technologies, improvements in crop varieties,
smarter input use, and methods to strengthen crop resistance to pests and diseases
and reduce postharvest losses could all help tackle food security challenges (FAO et al.
2015; Beddington 2010; Tilman et al. 2011). Improved crops and more efficient water
and soil use can increase farmers’ incomes and their resilience to climate shocks
(Cervigni and Morris 2016). Developing and adopting higher-yielding and more
climate-resistant crop varieties and livestock breeds is one way to make agricultural
systems more climate-resilient (Tester and Langridge 2010). For example, a
randomized control trial in Orissa, India found that a flood-resistant rice variety
yielded 45 percent more than the most popular variety at the time (Dar et al. 2013).

However, a recent global analysis of adaptation-related patents highlighted the
following three key challenges (Glachant et al. 2020):

» Innovation for climate change adaptation—at least in proportion of
total innovation—has not increased over time (figure 5), even though
identified needs have arguably increased significantly.

» Innovation for adaptation occurs primarily in high-income countries
and in a handful of middle-income countries. Analysis of international
patents suggests that not only are there close to no patented innovations
in low-income countries, but patented innovations from middle- and
high-income countries are not transferred to these countries (table 7).

TABLE 1 >>

Distribution of exported patented climate change adaptation technology inventions between income groups

M Highincome Middle income ; Low income

High income 66% (69%) 27% (24%) 0% (0%)
Middle income 5% (7%) <1% (<1%) 0% (0%)
Low income <0.1% (<B8.1%) | <0.01% (<0.01%) 0% (0%)

Source: Glachant et al. 2020, based on PATSTAT data.
Note: Results for all technologies appear in parentheses.
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» Adoption of available new technology in low-income countries is often
slow and limited. For example, high transport costs and poor distribution
systems mean that fertilizer application remains low in Africa (Gilbert
2012). Other barriers to the widespread adoption of new technologies
include cultural issues, a lack of information and education, and
implementation costs. In some cases, technologies, goods, or services that
could support adaptation are difficult to import, due to a lack of internal
capacity or trade policies and barriers. Policy change may be the most
efficient way to help people access adaptation-related technologies, since
developing domestic technologies and producers can be long and costly.

FIGURE 5 >>

Innovation for climate change adaptation as a share of total innovation
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Source: Glachant et al. 2020, based on PATSTAT data.
Note: “Pure adaptation” refers to technologies for climate change adaptation that are not simultaneously classified as mitigation technologies.

TAKING ACTION >> » Share of farmers using improved » Amount invested by the public
Sample targets crops and climate-smart or private sector in R&D on
anel A EERErs practices adaptation-related or resilience-

related challenges
» Share of research and 9

development (R&D) or » Average tariff applied to
percentage of patents related to imports of resilience-related
climate change adaptation technologies

» Total amount invested in R&D on
adaptation-related or resilience-
related challenges
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ACTION 1.4 >>
Ensure financing is available to all,

and provide support to the poorest
and most vuinerable people

© LEAD MINISTRY: Economy or finance, with social affairs/social protection

Adaptation—preventing and reducing future losses due to climate change—makes
economic sense, and private actors are incentivized to contribute to it. However,
high upfront costs may stop them from implementing effective solutions. Even if
these costs are more than compensated in the long term by avoided impacts and
losses, the lack of financing can be a serious obstacle for credit-constrained firms
and households.

Financial inclusion and a well-managed, stable financial system are important
for increasing an economy’s adaptive capacity. However, ensuring that financial
solutions are accessible to all may require specific measures such as mobile banking
to access savings and credit possibilities in rural households. Financial inclusion
alone may not be enough to allow the poorest households to invest in managing risks
or coping with shocks, so, governments must take a role and responsibility in this.

Poor people are disproportionally affected by climate-related shocks and stressors.
Not only are they more exposed and invariably more vulnerable to climate-related
shocks; they also have fewer resources to adapt to climate change. Poor people tend
to invest less in preventing and mitigating the adverse effects of natural hazards
and climate change. In China, Indonesia, the Philippines, Thailand, and Vietnam,
wealthier households are more likely to invest in proactive adaptation measures
(Francisco et al. 2011).

TAKING ACTION >> » Number of firms/people » Share of poor and vulnerable
Sample targets accessing dedicated financing population receiving support for
instruments such as guarantees, adaptation

and indicators subsidized loans

» Total subsidy/spending targeting
» Total borrowing for adaptation poor and vulnerable populations
through dedicated windows to support adaptation action

» Most vulnerable populations
and communities (occupations,
localizations, poverty, ethnicity,
and so on) identified and
information published
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In the absence of external support, hundreds of millions of people in or close to
poverty will be impacted by climate change and have limited ability to respond
and adapt. Governments are widely considered to be responsible for supporting
vulnerable populations and helping them adapt to external stressors, such as
climate change. Multiple instruments can help with this, from direct cash transfers
to reduce poverty to targeted subsidies for efficient irrigation equipment or air
conditioning. But they all require governments to first:

» Identify the populations that are most vulnerable to climate change and
least able to adapt

» Identify the impact channels through which they will be affected

» Design policies to support their ability to cope with and adapt to these
impacts (toolbox B).

Social safety nets targeted to poor households can be complemented by activities
focused on climate adaptation and mitigation. Such safety nets have seen a dramatic
expansion across the developing world over the last decade, involving conditional
and unconditional cash transfers or, where appropriate, in-kind benefits. There
are three main types of safety net intervention that support household adaptation
and mitigation to climate change.

1. Regular cash transfers that build household resilience to climate-related
shocks and worsening livelihood conditions by facilitating livelihood
diversification, building savings, and avoiding negative coping strategies.

2. Reinforcing these cash transfers with accompanying measures focused on
various development objectives such as economic inclusion and increases
in productivity, human capital formation and climate adaptation that are
typically delivered through social workers, community organizations and
in partnership with civil society organizations. Explicitly climate-adaptive
measures that can amplify the impacts of cash transfers on household
resilience include:

» Behavior change interventions with information on timing of rainy
and lean seasons or which crops to diversify out of or into

» Savings interventions to generate a buffer to absorb climate shocks or
enable investments in adaptation or livelihood portfolio adjustments

»  Skills training and coaching to support livelihood diversification
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» Early childhood development, nutrition and health interventions
focused on raising household and community capability to manage
the impact of climate shocks on child development, nutrition, or food
security.

3. Public works—where beneficiaries provide community services or build
assets for cash or in-kind benefits—as part of adaptive social protection.
As well as promoting adaptation by providing cash to beneficiaries,
such initiatives have potential for climate mitigation through climate-
sensitive works like reforestation, irrigation, combatting soil erosion,
and water security, and by generating community assets that tackle the
root causes of climate change vulnerability in a community.

Governments can layer these three social safety net instruments for additive
impact. Regular cash transfers—whether conditional or unconditional—are the
foundation to help households navigate the impacts of climate change. Adding
accompanying measures that explicitly focus on climate resilience can reinforce
their climate-adaptive potential in specific areas, as can public works. For example,
such initiatives can be concentrated in areas, households or communities that are
particularly vulnerable to climate change.

All these interventions can be made “shock-responsive”, triggered by covariate
climate shocks like droughts and floods to support an expanded number of affected
households and communities in the event of a climactic shock. See Action 3.4 for
more on shock-responsive social protection.
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TAKING ACTION >>
Toolbox B

Identifying climate
change impacts on
poor populations
and poverty and
defining priorities
for action
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Poor people are more vulnerable to environmental scarcity,
stresses, shocks, and climate change impacts (Hallegatte et al.
2015). Economic models based on national accounts—such as
computable general equilibrium (CGE) models—can underestimate
this vulnerability. However, dedicated analysis of poor people’s
situations, based on household surveys or microsimulations, can
help identify vulnerability hotspots and opportunities for high-
return interventions. This toolbox presents two complementary
approaches, with examples from Burundi, Georgia, and Tanzania,
to illustrate how countries can better inform policies.

Microsimulation and
household-level analyses
Hallegatte et al. (2015) use

the World Bank’s International
Income Distribution Data

Set, a global database of
household surveys describing
the distribution of income and
occupations in 92 countries.
Using microsimulation
techniques, they projected the
evolution of these households
until 2030, driven by
demographics, socioeconomic
change, and climate change,
to identify which impacts are
most important for poverty
outcomes in the 92 countries.
lllustrating the results in
Burundi and Georgia, figure
B. 1 shows that climate change
is expected to have a larger
impact in Burundi for each
metric. For example, income is
predicted to drop by 4 percent
in Burundi and 2.5 percent in
Georgia by 2030. The biggest
impact in Burundi will be the
change in food prices, while in
Georgia, it is labor productivity.
Governments can use this
type of analysis alongside

the simpler indicator-based
approach proposed in toolbox
A to identify priorities for
adaptation to minimize the
impact of climate change on
poverty and poor people.

Dedicated household
surveys

Household surveys can be
highly effective to better
understand the risks and
challenges faced by a
specific populationina
specific context. Collecting
household-level data on
income levels and disaster risk
allows researchers to study
exposure, disaster loss, and
recovery capacity in relation
to poverty. For example,
Erman et al. (2019) collected
arepresentative dataset on
income levels and flood risk
from households in Dar es
Salaam, Tanzania—such as
how many people are affected
by flooding, how they are
affected, the mechanisms
and tools they use to recover,
and how effective these
are—to understand the
extent of the challenges and
potential solutions. Surveys
can provide both spatial and
socioeconomic information
to help identify vulnerability
hotspots, which in turn can
inform targeting and policy
design.



FIGURE B.1 >>

Projected impact of climate change by 2030 in Burundi and Georgia
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Note: The figure shows the impact of climate change on GNI (gross national income), income for the poorest 40 percent and rise in extreme poverty (in the high-impact and high-poverty

scenario).
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ACTION 1.5 >>

Facilitate structural change
in the economic system

© LEAD MINISTRY: Economy or finance

Climate change will affect latent comparative advantage.

For example, it will make some countries less productive TAKING ACTION ->
in certain types of agriculture, to the benefit of others. It Sample targets
will also cause the decline of some (sunset) sectors and and indicators

the growth of other (sunrise) sectors.

The challenge is the combination of long-term
uncertainty with timing constraints. With perfect
foresight, an economic system would move away from ;

Strategy to manage

sunset sectors and progressively invest in sunrise the decline of
. : - . . negatively affected
sectors, moving jobs, opportunities, and profits with sectors published,

or to support the
development of
nonaffected or

. . . positively affected
In practice, however, the risk is that the sunset sectors published

sector becomes non-profitable exactly when large » Share of GDP,

: : employment or
investments are required to boost another sector. e T SR e

minimal losses.

Experience from regions where coal mining or heavy expected to be
. . . . . rre negatively or
industries disappeared in Europe shows how difficult positively affected

it is to manage a successful transition, especially » Measure of economic
when a region has a narrow economic base, is isolated diversificationfor
example, number of
geographically, and has a population with limited skills exported products—or
. . latent diversification
and investment capacity. In France, unemployment
is still higher than average in areas where coal mines

were closed decades ago (figure 6).

There are few success stories of fully satisfactory economic rejuvenation outcomes
in mono-industry coal mining towns. While economic diversification and
rejuvenation is an objective shared by many regions, coal mine closures often
mean the loss of the main regional employer. That dramatically reduces overall
re-employment potential for workers and exposes the risks of a narrow economic
base. The compounding effect is significant. Rejuvenating local economies in coal-
dependent regions is a complex challenge and can fail, even with good intentions
and enough funds. For example, the UK targeted various forms of regional aid at
several of its main mining areas to foster job creation. This included a program
of coalfield site reclamation and redevelopment that disbursed more than £600
million between 1996 and 2007 (World Bank Group 2018). British coal mining
regions have received European Union (EU) support, both through its standard
structural funds and specific programs like the RECHAR program, which deployed
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more than £250 million over 10 years. Despite this, decades after the UK’s major
waves of mine closures, labor market impacts can still be felt, especially in areas
where difficulties are entrenched, such as South Wales. Mobility support for
workers to relocate out of mono-industry coal mining towns may sometimes
represent a better option.

FIGURE 6 >>

Unemployment in northern France’s coal basin, 30 years after the coal mine closures
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Managing transitions will be crucial for minimizing the impacts of climate change.
For example, coffee production employs 10 percent of the labor force in Honduras,
but climate change is expected to have significant adverse impacts on coffee
yields throughout Central America (figure 7). The area of land that is climatically
suitable for coffee production is expected to decrease by 42 percent in the coming
decades (Bunn et al. 2018). When these activities are affected, the impacts will go
beyond individuals losing their job or firms going bankrupt, possibly leading to
macroeconomic crises with system-wide spillover effects.

If their main economic activity is in crisis, countries can struggle to free up
resources to invest in new sectors. To avoid this issue, they will need to take
proactive measures, such as shifting to new activities before the old ones collapse.
This allows new sectors to grow and facilitates the strategic and managed decline of
others. Indeed, considering the deep uncertainty around the nature and magnitude
of future climate change impacts, diversifying economic activities is a no-regret
strategy. See also Priority Area 4 for a discussion of macroeconomic impacts.
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FIGURE 7 >>
Suitability of land for coffee production under current and future (2050) climatic conditions

Current suitability zones Future suitability zones (2050)
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m No data ® No data

Source: Bunn et al. 2018
Notes: Suitable areas include 13 sub-categories based on different dry season characteristics. Projected 2050s conditions are based on a modal projection across
19 general circulation models for the RCP 6.0 emissions scenario.

Support sunrise sectors and activities

to maximize their development potential

Climate change may create new comparative advantages in some countries, and
those where key sectors will be negatively affected must prepare to capture the
opportunities created by climate change. However, if these latent advantages face
obstacles such as high upfront capital investments, increasing returns to scale,
or network effects, then a country may struggle to turn them into growth and
economic opportunities. Several studies offer guidance on how growth-enhancing
policies can be indispensable for turning latent comparative advantages into real
economic opportunities, especially if countries face the risk of a low-productivity
trap (Harrison and Rodriguez-Clare 2009; Rodrik 2004).

To realize a latent comparative advantage, governments may need to solve
coordination failures within and across sectors to develop new activities—for
example, by supporting interdependent sectors (Rosenstein-Rodan 1943; Pack and
Westphal 1986; Okuno-Fujiwara 1988; Murphy et al. 1988). Although a changing
climate may make one region suitable for producing a new agricultural product,
for this to be profitable, farmers will need to invest in new equipment or seeds
and have access to adequate supply chains and markets. Without public actions
to create relevant markets or invest in the necessary infrastructure to facilitate
access, it may be impossible for individual producers to shift to a new product.

In this context, governments can seize opportunities by identifying potential new
comparative advantages — for example, through exchanges between government
organizations and the private sector (Rodrik 2004; Harrison and Rodriguez-Clare
2009). In some cases, such as agriculture, tourism, or energy, a latent comparative
advantage can be observed in advance, justifying a targeted industrial policy.
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Manage sunset sectors and activities

to facilitate a smooth transition

Some economic sectors may be strongly affected by climate change, with significant
implications for jobs and tax revenues. For example, some agricultural production
may become non-competitive or unsustainable, snow-based tourism may
disappear from low-altitude mountains and summer destinations may become
too hot to attract tourists. Targeted policies can help declining industries and
better manage the drop in activity (for example, ensuring that the least productive
firms close first). Although this may be costly, it can be justified by distributional
considerations or a desire to smooth a transition and lessen the impact on welfare
and social stability.

Governments have long used policies to create regional balance, jobs, and activity
where unemployment is higher or the population poorer, or to smooth economic
transitions. Labor markets are seldom flexible; structural economic changes or
trade liberalization often lead to a rise in unemployment, as skill and institutional
issues prevent workers from moving from sunset to sunrise sectors. After trade
liberalization displaced workers from Brazil’s de-protected industries (Muendler
2010; Menezes-Filho and Muendler 2011), it took several years for the growth
sectors to absorb them (see Porto 2012). The social costs of such a transition may
justify transient support to declining industries to allow time for retraining and to
shift workers toward growing sectors. Japanese industries used this approach to
make the transition toward high-productivity, high-skill industries more socially
acceptable (Peck et al. 1987).

Lessons from the trade adjustment literature suggest that it is more efficient to
subsidize employment in growing sectors than support workers in declining
industries (Porto 2012). Governments can either support firms in sunrise sectors
to enable them to absorb sunset sector workers more rapidly, or directly support
workers through social safety nets and retraining schemes.

Support economic diversification

to hedge against climate risks

Diversifying away from narrow economic bases is key to reducing vulnerability to
climate change and other technological or preference shocks. But there are also pure
short-term economic reasons for diversifying the economy. When successfully
accomplished, export diversification has yielded benefits and has often been
associated with higher levels and stronger resilience of GDP growth (Hesse et al.
2008). This success is driven by the wider range of higher value-added products that
provide a hedge against single-commodity price volatility and the development of
sectors that have greater technological spillovers. Yet, as evidenced by many stalled
attempts, diversification can be challenging. And while diversification appears
unambiguously positive in low- and middle-income countries, the most advanced
economies seem to benefit instead from export specialization.
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There are different ways of supporting the diversification of an economy (Gill et
al. 2014). The traditional form supports new activities downstream of existing
specialization that use the same skills and competencies. This includes, for
example, oil-producing countries focusing on energy-intensive industries and
agriculture-dominated economies focusing on agrobusiness. Another option is
diversifying an economy’s production factors by investing in better education,
new skills, knowledge, and natural capital to make countries less dependent on a
narrow set of assets. This, in turn, makes them less vulnerable to direct impacts
on these assets—such as where water scarcity leads to a decline in agricultural
land productivity—or indirect effects on their productivity—for example, where
lower tourism flows reduce the revenues derived from pristine beaches. Intangible
assets like knowledge and human capital are important for building competitive
economies that are more flexible, adaptable, and resilient to a wide range of
external shocks.

Governments can promote diversification through:

» Public investments in health and education, innovation and institutions,
and natural asset protection

» Effective policies to support the reallocation of economic resources to
new activities, such as labor market policies to overcome constraints on
mobility or barriers to the entry of women in the workforce, and access
to finance

» An appropriate incentive framework based on a clear, transparent, and
predictable business and investment climate

» Policies to reduce specific market and institutional failures, such as
the lack of access to knowledge about new products, technologies, or

international standards

» Investments in infrastructure and coordinated policy reforms to reduce
trade costs.
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SPOTLIGHT 2 >>
COVID-19

Stimulus and
recovery program
and economic
diversification

The COVID-19 pandemic is likely
to lead to a major economic
crisis, and many governments
will be preparing recovery and
stimulus packages to help their
economy restart when the virus
is under control. Depending on
their design, these packages can
support or impair diversification
and resilience. In particular,
when governments provide
direct support to firms—

either through subsidized or
guaranteed loans or bail-out
grants—there is a risk that

this support will go primarily

to incumbents, while younger
firms in new sectors or
deploying new technologies get
no support and go bankrupt.
Governments should therefore
review stimulus packages to
ensure that they do not reinforce
specialization in sectors that

are in decline, have limited
growth prospects, or are highly
vulnerable to climate change
impacts.

Some countries are going
further and using the bail-out
of affected firms to encourage

a transition in favor of other
policy goals. For example, in
2008/2009 many countries
supported their automobile
industry to favor low-emissions
(especially electric) cars. Today,
the government of France is
helping Air France with a €7
billion subsidy in exchange

for environment-related
commitments, such as reducing
CO2 emissions from domestic
flights by 50 percent by 2024,
and sourcing 2 percent of its
fuel from sustainable sources
by 2025.

Similar commitments are
possible in favor of resilience.
For example, many utilities have
received exceptional government
support to weather the COVID-19
crisis; governments could

tie this support to renewed

and tightened commitments
regarding the reliability and
resilience of power or water
systems.
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Priority Area 2:

Adaptland use
plans and protect
critical public
assets and services

Certain adaptation actions cannot be implemented

° :ﬁﬁ? STRY: by private actors and will require direct public action.
Economy, These include protecting or adapting as§ets tk.12‘1t are
planning, owned by the government or other public entities, those
investment, or that are privately owned but designed, built or operated
infrastructure

following strict public regulations and guidance that
leave little room and few incentives for private actors

to act, and those that are considered to be government
responsibility. The latter typically include assets within
the health, education, security, and safety sectors. Public
action is also important for including climate change in
land use or coastal management plans, which constrain
and drive private investments in infrastructure and
buildings and can serve as coordination mechanisms for
private actors.

This dimension of adaptation and resilience also

tends to involve decisions and investments with long
lifetimes, as many infrastructure assets are designed

to last for more than 50 years. At the same time, the
spatial patterns created by infrastructure and land use
plans are almost irreversible. As a result, it is important
to consider even climate change impacts that are only
expected over the long term in today’s decision making.
Including long-term impacts means decision makers
must carefully consider uncertainties and prioritize
solutions that are robust (deliver benefits in a large
range of possible futures) and flexible enough to be
adjusted when new information is available.
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TAKING ACTION >>
Screening questions

Identify actions

to strengthen the
resilience of public
infrastructure and
critical services
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While the actions of individuals
can go along way in adapting

to a changing climate, they are
not enough. People’s resilience
to climate change depends on
the resilience of their cities, and
of the critical infrastructure
systems and public services they
rely on. Have governments taken
adequate measures to ensure
that spatial and urban planning is
risk-informed and climate-smart?
Are their measures sufficient to
ensure that lifeline infrastructure
systems and essential public
services are equipped to handle
the impacts of climate change?
The following questions can

help decision makers identify
shortcomings and guide them
towards the actions needed

to strengthen the resilience of
public infrastructure and critical
services.

ACTION 2.1 >>
Public services and
infrastructure

Does the government have a
georeferenced inventory of
government assets?

Should include: hospitals;
schools; fire and police stations;
infrastructure assets such as
roads, bridges, and electricity
generation; and so on

Did the government identify
critical services and assets
that need to be protected or
strengthened in priority?

Could include: criticality analysis
of transport or energy systems;
stress testing of hospital systems

Have the authorities assessed
and addressed the risks to public
service and infrastructure assets?

Could include: risk assessments
of critical infrastructure and public
services; risk-informed asset
maintenance

ACTION 2.2 >>

Strengthening new assets
and infrastructure

Does the government have
standards and norms that
account for criticality of assets
and exposure to natural hazards?
Are they adjusted regularly to
respond to climate change?

Should include: hospitals;
schools; fire and police stations;
infrastructure assets such as
roads, bridges, and electricity
generation; and so on

ACTION 2.3 >>
Risk-informed land use and
urban planning

Is risk-informed land use and
urban planning legally required
and consistently enforced?

Could include: long-term plans
supported by laws; enforcement
mechanisms; strategic retreat
options

Are nature-based solutions and
ecosystem services an integral
part of a country’s risk reduction
strategy?

Could include: systematically
conducted environmental risk
assessments; restoration and
preservation of protective
ecosystems

Are areas that are impossible or
too costly to protect in the long
term identified and known by
the public? Is risk information
available to buyers of land or
buildings?

Could include: long-term maps
with areas that are expected
to benefit from protection
investments published



ACTION 2.1 >>

Identify critical public services
and assets

© LEAD MINISTRY: Economy, planning, investment, or infrastructure

Critical public services such as energy, water, health
care, civil protection, and education need thorough
climate risk assessment and management. Not only can
their reconstruction be costly; they also provide critical
services which people’s well-being depends on. Even
relatively short disruptions in power, health care or
education can have long-term adverse consequences,
especially for vulnerable groups, such as children
(Hallegatte et al. 2019). The police, military, fire, and
other civil protection services maintain security and
safety and are a crucial part of any response to large
climatic shocks, such as floods. Ensuring the resilience
of their facilities and accessibility can mean the
difference between effective response and a devastating
prolonged disaster.

For a systematic risk and vulnerability assessment,
governments must develop inventories of key public
assets, such as primary health care facilities, hospitals,
and schools. The government of Vietnam, for example,
is establishing an inventory of over 750 health care
facilities, detailing their georeferenced location, type,
and capacity. Using flood hazard maps, a countrywide
risk assessment shows that about 34 percent of all health
care facilities in Vietnam’s coastal provinces would
be affected by flooding with a 100-year return period

TAKING ACTION >>

Sample targets
and indicators

» Critical infrastructure
and services
identified

» Inventory of
public assets and
infrastructure
prepared, including
hospital, school, and
university buildings,
their condition,
exposure to hazards,
and maintenance
history

» Gaps in infrastructure
and public assets
identified

» Investment plans
to increase the
resilience of
public services
and infrastructure
systems completed

(Rentschler et al. 2020). Such asset inventories can help authorities identify at-risk
facilities or under-served areas and determine priorities for resilience investments.
Updating them regularly and making them accessible to decision makers can help
strengthen the assets themselves and the resilience of critical public services.

Criticality analysis (toolbox C)also helps identify which part of networked systems—

which include transport, electricity, and telecommunications—play a particularly
important role for the functioning of the full system. This makes it possible to focus
resources on key assets, maximizing adaptation and resilience spending efficiency.

Insufficient services and missing infrastructure assets can magnify the vulnerability

of the full system. For example, a region that is connected to the national grid by a
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TAKING ACTION >>
Toolbox C

Using criticality
analyses to identify
key infrastructure
vulnerabilities and
gaps in services
and networks

INS)
{ ‘::z‘u‘ N [

O
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Criticality analysis is an
important tool for identifying
the most important
infrastructure assets and their
vulnerability, and to prioritize
those interventions that will
give the largest benefits.

As part of its climate
vulnerability assessment,

the government of Fiji

applied this approach to the
transport system. The sector
contributes approximately

12 percent to Fiji's GDP and
receives around 30 percent
of the government’s annual
capital budget. It is therefore
not realistic to expect a large
increase in spending in this
sector: itis more important

to improve the efficiency

of spending. Using an asset
database coupled with
modeling tools developed by
the World Bank, a criticality
analysis of Fiji's road network
aimed to identify the transport
assets that were most likely to
resultin high economic losses if

damaged. For each component
of the road network, the
analysis estimated the number
of trips that would become
impossible in case of failure

of or damage to the asset and
assessed additional travel
distances and extra costs to
the road user for trips that
would remain possible. The
components that would cause
the largest impacts on the
whole network if damaged are
considered “critical”.

A similar study was performed
for the Tanzanian road
network and its vulnerability
to floods. The study evaluated
the consequences in different
supply chains of disrupting
each road infrastructure asset
for various durations. The main
conclusion was that the most
critical transport infrastructure
assets differ across supply
chains. Figure C.1shows

the possible effects of a
one-week road disruption on
household consumption and



exports. Comparison of the
maps reveals that investment
priorities depend on policy
objectives. For example,
segments of the coastal trunk
road south of Dar es Salaam

are critical for maintaining
household consumption and
food security, but less relevant
for manufacturing and trade.
For the latter, improving the
road east of Morogorois a

priority. This segment carries
large freight flows between
Dar es Salaam port and
landlocked countries such as
the Democratic Republic of
Congo and Zambia.

FIGURE C.1 >>

The criticality of a road depends on how it is used

a. Impacts of road disruption on households’ consumption

Source: Hallegatte et al. 2019.

Household loss
(% of daily
consumption)

b. Impacts of road disruption on international clients

Kenya Importer loss
(% of daily
consumption)
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unique transmission line can be excessively vulnerable in case of storm, regardless
of the robustness of this line. Similarly, the inability to detect emerging diseases in
one region can make an entire country (or the whole world) more vulnerable. So,
system-level analysis is important. It should not only consider which links, assets,
or services can be strengthened, but also which additional links, assets, or services
can be created to build redundancy and resilience.

The Fiji Climate Vulnerability Assessment (CVA) identified 125 projects in 10
sectors that would build the country’s resilience (table 2). These were based on
the national development priority and strategy, as stated in its 5- and 20-year
development plans, and the identified climate change risks. After prioritizing the
projects for implementation, the government can translate the list of priorities
into an investment plan for public asset and infrastructure, with costings and
identifying responsible public agencies. Different agencies can then use this plan
to prepare their work program and budget requests, alongside their many other
missions and responsibilities, and the Ministry of Finance can use it to estimate
additional financing needs for climate change adaptation (see Priority Area 4 and
Spotlight 4).

TABLE 2 >>

Extract from the Fiji Climate Vulnerability Assessment list of priority interventions

TRANSPOR

Intervention i : Cost (F$, | Responsible | Type of

description i millions) i agency intervention Comments

Jetty replacement Medium 127.50 Fiji Roads Investment Planned
and upgrade works | term ! Authority | :
package—Phase Il : : :

Includes upgrades

Road renewal and Investment
replacement works | term ! Authority | to 450 km of sealed
pacakage—Phase Il ' ' ' ' '  and 1,425 km of

(climate upgrade portion) unsealed roads

Highest priority water Medium 356.00

: " Investment ' Planned | Includes bridges/
crossings works | term ! Authority | crossings/culverts/
package—Phase footbridges

Source: Government of Fiji and World Bank 2017.

Assessing the resilience of service delivery in critical sectors can also be a useful
exercise. This includes using a scenario-based approach to discuss responses in
health care, public school, or social protection systems. It is particularly useful in
the health care sector, which plays a key role after a natural disaster, especially in
the event of massive casualties (Tariverdi et al. 2019). The same applies for social
protection systems, which need to be stress-tested to ensure they can deliver
postdisaster support to affected populations. For example, electronic transfers may
be impaired if large areas are without power. And because schools are often used as
shelters, it is important to plan so they can reopen quickly to ensure children do not
miss out on education for prolonged periods.

74 THE ADAPTATION PRINCIPLES



ACTION 2.2 >>

Design and implement a
government-wide strategy

to increase the resilience of
infrastructure and public assets

© LEAD MINISTRY: Economy, planning, investment, or infrastructure

More resilient infrastructure is good economics,

but a governance and financing challenge

The lack of resilient and high-quality infrastructure can impose substantial
costs on firms and households. Infrastructure disruptions have indirect costs for
households, as their impact on company productivity reduces jobs and wages.
They also have direct costs through reduced consumption and well-being. Such
disruptions are estimated to cost firms in developing countries more than $300
billion and households over $90 billion each year (Hallegatte et al. 2019).

The incremental cost of increasing the resilience of newly constructed infrastructure
assets depends on the sectors and assets in which countries are investing, but
it remains small in all cases if the right data, risk models, and decision-making
methods are available. For example, increasing the resilience of the assets that are
exposed to hazards would increase investment needs in power, water and sanitation,
and transport in low- and middle-income countries by $11—-65 billion a year (figure
8). Although not negligible, it represents only 3 percent of infrastructure investment
needs and less than 0.1 percent of LMIC GDP. At the global level, this would not affect
current infrastructure affordability challenges. But country-level analysis has shown
that the cost will be much higher for countries with high exposure to climate change
and natural hazards (see, for example, Government of Fiji and World Bank 2017).

TAKING ACTION >> » Strategy to manage critical assets » Expected recovery time for critical
Sample targets and !nfrastructure is approved and infrastructure systems—power,
T e g published transport, water—after a major event
» Agency in charge of coordinating » Revised legal framework to allocate
resilience of critical assets and risks across stakeholders, including
infrastructure is created and in PPPs and buildings
R » State-owned enterprises have
» Asset management systems with included climate change in their
evidence-based maintenance plans strategy and decision making
are in place

» Construction standards for
infrastructure and building are
updated, accounting for local hazards
and criticality, and enforcement
mechanisms are in place
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FIGURE 8 >>

Estimated annual capital cost of increasing the resilience of new public assets in low- and middle-income
countries, 2015-2030
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Source: Hallegatte et al. 2019.
Note: In some countries, costs will be higher and require prioritization.

What are the returns on investment for increasing the resilience of exposed
infrastructure to natural disasters? If projects are well selected, designed, and
implemented (see Action A.2), the World Bank’s Lifelines report suggests that
investing $1 in making infrastructure more resilient avoids, on average, $4 in
socioeconomic losses (Hallegatte et al. 2019). In total, building all new infrastructure
assets in a more resilient way would bring a net benefit of $4.2 trillion over the full
lifetime of the new infrastructures. The urgency of investing in better infrastructure
is also evident. With massive infrastructure investment taking place in developing
countries, the stock of low-resilience assets is growing rapidly, which will only
increase the costs of natural hazards and climate change. The median cost of delaying
action by one year is $100 billion.

Although investing in resilience is good economics, financing these investments is
not necessarily easy. While each $1 spent brings back $4, only a fraction of these
$4 is in the form of avoided repair costs. Most is in the form of avoided disruption
costs, which are difficult to capture and monetize to finance more investment
in resilience. More resilient infrastructure also requires effective and proactive
operation and maintenance, which has both technical and governance challenges,
from the need to monitor each asset continuously to the fact that budget cuts are too
often managed by postponing maintenance, with high long-term costs.

Improving decision making and

governance with the right institutions

Table 3 shows five recommendations and 15 concrete actions for infrastructure
resilience, based on Hallegatte et al. (2019). Different countries take different
approaches to infrastructure resilience, but common principles have been widely
applied. These principles, discussed in detail in the Organisation for Economic Co-
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operation and Development’s Good Governance for Critical Infrastructure Resilience
(OECD 2019), are consistent with typical recommendations on the governance of
risks (see, for example, Renn 2008; Wiener and Rogers 2002; World Bank 2013). There
is a consensus among experts that governments have a key role to play in ensuring
the resilience of critical infrastructure and should adopt a whole-of-government
approach. Sectoral ministries and agencies and the ministries responsible for
resilience to hazards and threats need to oversee and work with local authorities in
infrastructure services delivery and regulation. This goes right down to municipality
level, which are responsible for supplying drinking water and managing urban
transit and transportation in many countries.

TABLE 3 >>

Recommendations and actions for building infrastructure system resilience

RECOMMENDATION | ACTIONS

1.1: Introduce and enforce regulations, construction codes, and procurement
rules

o Get the basics right

1.2: Create systems for appropriate infrastructure operation, maintenance, and
postincident response

1.3: Provide appropriate funding and financing for infrastructure planning,
construction, and maintenance

. L : Implement a whole-of-government approach to resilient infrastructure,
a Build institutions building on existing regulatory systems
forresilience
: Identify critical infrastructure and define acceptable and intolerable risk
levels

: Ensure equitable access to resilient infrastructure

X : Consider resilience objectives in master plans, standards, and regulations
e Create regulations and and adjust them regularly to account for climate change
incentives forresilience o
: Create economic incentives for service providers to offer resilient
infrastructure assets and services
: Ensure that infrastructure regulations are consistent with risk-informed
land use plans and guide development toward safer areas

. ) . 4.1: Investin freely accessible natural hazard and climate change data
o 00 POV, E1E € C 1S 6 T 2 1y s
: Make robust decisions and minimize the potential for regret and
catastrophic failures
: Build the skillls needed to use data and models and mobilize the know-how
of the private sector

: Provide adequate funding to include risk assessments in master plans and
early project design

e Provide financing

: Develop a government-wide financial protection strategy and contingency
plans

: Promote transparency to better inform investors and decision makers

Source: Hallegatte et al. 2019.
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The most common solution for improving the coordination of risk management is
to place an existing multiministry body (or, if necessary, a new body) in charge of
information exchange, coordination, and perhaps implementing risk management
measures (World Bank 2013). The body in charge of critical infrastructure can be
given special powers to collect information, perform assessments, impose certain
actions and ban others. For example, the recent Australian Security of Critical
Infrastructure Act, aimed at protecting the country from sabotage and espionage,
mandates the creation of a registry of critical infrastructure assets. It also gives the
minister of the Department of Home Affairs the right to request information about
these assets to determine whether any risk to national security is associated with
an asset. The minister can impose or prohibit certain actions if there is “a risk of an
act or omission that would be prejudicial to security”.

Abody in charge of infrastructure resilience needs to be appropriately staffed and
funded. However, it cannot, and should not, replace the regulatory bodies in charge
of sectors, which should be a priority in low-capacity countries. Various decisions
or regulations need to be coordinated across sectors, but their design and practical
implementation are better conducted by each sector regulator to ensure consistency
with other regulations and prevent conflicts. In practice, implementation will
vary, depending on whether the regulation of an infrastructure sector is carried
out directly by the government, by an independent agency, or through a contract
(Eberhard 2007).

Priorities for action

The main challenge to making infrastructure more resilient is not primarily
a financing one; rather, it is an issue of governance and the ability to make and
enforce good decisions, designs, operations, and maintenance.

The first priority is focusing on the early stages of infrastructure system
development—designing regulations, producing hazards data and master plans—
or the initial stages of asset design (see toolbox Dand Action A.2 for discussions on
how to incorporate resilience considerations into public investment management).
At these early stages, small investments can significantly improve the overall
resilience of infrastructure systems and generate very large benefits. For example,
changing the location of new infrastructure during the initial stages of a project
can reduce risk levels. But mobilizing resources during the early stages of project
preparation is particularly challenging as preparation budgets tend to be small.
This makes it difficult to conduct adequate risk assessments, even if they can
generate massive savings over an asset’s lifetime.

When resources become available to do a serious analysis of risk levels and
mitigation options, the smart solutions (such as moving a road) are no longer
available. The only solutions available during the latter stages of a project are
strengthening and hardening, which come at a much higher cost. Doing risk
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assessments early could help achieve resilience at a much lower cost. It is also
important to remember that future climate impacts are highly uncertain, and
robust solutions that perform acceptably in a large range of possible futures are
preferable to solutions that are optimal for the “most likely” scenario but could
lead to catastrophic outcomes in case of surprises.

The second priority is improving maintenance (Hallegatte et al. 2019). Poor
maintenance can increase infrastructure investment needs by 50 percent in the
transport sector and more than 60 percent in the water sector (Rozenberg and
Fay 2019). An analysis of OECD countries suggests that each additional $1 spent
on road maintenance saves, on average, $1.50 in new investments, making better
maintenance extremely cost-effective (Kornejew et al. 2019). Utility companies
can use an infrastructure asset management system to ensure proper maintenance
and better manage their operations. Such a system would include an inventory
of all assets and their condition, as well as the strategic, financial, and technical
aspects of managing the assets across their life cycle. This would help companies
move away from a reactive approach toward an evidence-based, preventive
maintenance schedule.

In many countries, state-owned enterprises (SOEs) will be key players when it
comes to implementing resilience in strategic industries and the energy, water,
transport and communications sectors, as they are responsible for much of the
public investment in these areas. As shareholders, governments can require
SOEs to incorporate specific resilience objectives, targets, and indicators in their
statements of corporate intent or performance contracts. Corporate governance
arrangements mainstream these reforms through dedicated board subcommittee
and other specialized units addressing climate change risks across activities and
investments. Governments can support these efforts through training and capacity
building for officials responsible for SOE oversight and management. The World
Bank Group’s SOE leadership training toolkit integrates climate as a crosscutting
dimension and can be leveraged and customized to include country and sector-
specific risks and opportunities to address climate risks and resilience. Guidance
is also available from the Task Force on Climate-related Financial Disclosures,
which has issued 11 recommendations across the four core elements of governance,
strategy, risk management, and metrics and targets to help firms think through
and report on climate change.' The task force website and good practice handbook
provide many examples of companies that are applying these recommendations.

Governments should also develop a legal framework and institutional structure to
ensure that disaster resilience is incorporated into PPP projects. Many governments
have a disaster risk framework and a PPP framework, but the two rarely interact.
Even in Japan, where PPPs are well developed and natural hazards well managed,
guidelines for including resilience in PPPs exist, but are not mandatory. Incentives
for operators to incorporate resilience in their assets depend on the contract type,
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with “build, operate, transfer” models creating a stronger incentive than “build,
transfer, operate” models. However, they can be weakened by excessively broad
force majeure clauses, which transfer the risk from the private to the public sector.
When they are too broad, these clauses reduce the incentives for actors to build and
operate an infrastructure asset in a way that considers low-probability risks.

Force majeure clauses in contracts are essential for establishing PPPs at a reasonable
cost and can be designed to minimize any negative impacts on incentives for
resilience. One solution is to include a quantified definition of force majeure for each
event category and define it as applicable only in extreme cases. Ideally, a third party
would decide whether the return period' or intensity of an event was enough to
trigger the force majeure clause.

The contract can then determine the allocation of risk in terms of both missed
revenues and restoration costs, ensuring that the private operator always bears
a significant share of the cost. Mandatory or nonmandatory insurance could also
ensure the sustainability of services, protecting the private operator against losses
while minimizing costs to the public sector and maintaining the incentive to
build more resilient assets and systems. Operators can also be required to prepare
business continuity plans (BCPs) for every likely hazard (see Action 3.5).

PPP design must consider context-specific factors, including the maturity of the
PPP market, the risk tolerance of private sector players, and other risk factors such
as vulnerability to commodity price shocks. These factors will determine how much
risk they can transfer to private operators, creating trade-offs for government
between incentivizing resilience and mobilizing private sector finance. When the
private sector is unable to bear the risks from natural hazards, it becomes even
more important to use alternative tools, such as strong construction codes and
procurement rules.
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TAKING ACTION >>
Toolbox D

Regulations, codes,
and standards

M (D)
)\ /

o

Well-designed regulations,
codes, and procurement rules
are the simplest approach to
enhancing the quality, reliability,
and resilience of infrastructure
services. In the most widely
applied solution, governments
define the level of service
expected from public or private
infrastructure providers and apply
it through:

» Procurement rules, when the
asset is publicly owned—for
example, roads

» Market regulations, when
private actors provide services
such as electricity

» Contractual engagements—for
example, through performance
indicators for procuring and
monitoring PPPs

Regardless of the financial

model, strong procurement rules
and appropriate performance
indicators in tender processes
can ensure a minimum level of
service and reliability. Although
countries can define construction
codes and regulations based on
existing international standards,
those at different income levels—
or with different preferences in
terms of reliability—will want to
design regulations and codes that
are adapted to their needs.

With climate change and other
long-term environmental trends,
standards and codes need to

be revised regularly. According

to Vallejo and Mullan (2017),
approximately one-third of OECD
countries are revising at least one
mandatory national infrastructure
standard to account for climate
change adaptation, but similar
processes are lacking in low-

and middle-income countries.
Sweden, for example, updated

its road drainage standard in
2008, introducing a climate

safety factor to cope with the
anticipated increase in rainfall
due to climate change. Similarly,
the European Commission
mandated the Centre Européen
de Normalisation to include
climate change in the European
civil engineering technical
standards (the Eurocodes),
especially for transport

and energy infrastructure
(European Commission 2014).
Several national standards
organizations have produced
risk management guidelines
that include climate change and
resilience considerations for
infrastructure (British Standards
Institution 2011; Council of
Standards Australia 2013; US
National Institute of Standards
and Technology 2015). And in
2015, the International Standards
Organisation (ISO) created an
adaptation task force to develop
standards for vulnerability
assessment, adaptation planning,
and adaptation monitoring and
evaluation (M&E) (ISO 2015).

Quality control and enforcement
of construction codes is
particularly important. Miyamoto
International (2019) points out
that enforcing construction codes
and standards is costly and more
challenging than defining them.
Enforcement in the infrastructure
sector requires a robust

legal framework and strong
regulatory agencies to monitor
construction and service quality
and performance and reward

and penalize service providers
based on their performance. Many
regulators lack the resources

and capacity to enforce existing
construction codes. As a

result, expensive infrastructure
systems may be designed

with inappropriate materials or
technologies, leading to high long-
term costs.
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ACTION 2.3 >>

Revise land use and urban plans
to make them risk-informed

© LEAD MINISTRY: Interior, planning, investment, infrastructure, or environment

Land markets are powerful tools for driving new construction in away that efficiently
meets population needs. However, they are also imperfect, and often fail to fully
internalize climate change and natural hazards (Bin and Polasky 2004; Holway and
Burby 1990). In some countries, dysfunctional land markets mean that most of the
population lives in informal dwellings with no land use or urban planning.

So, developments often spring up in risky areas, especially when developers do not
carry the cost of future climate change impacts. Agglomeration externalities and
long building and urban infrastructure lifetimes mean that new developments are
also largely irreversible. When a neighborhood is urbanized, it is likely to remain so
forever, even if it requires massive protection or adaptation investment.

Land use regulations can help by ensuring that new development occurs in places
that are safe or can be easily and cheaply protected. They can also avoid unchecked
urban development that leaves too little porous green space, further increasing
runoff and flood risk (Lall and Deichmann 2012).

But implementing risk-based land use plans remains challenging and countries
need strong institutions that can ensure these plans are enforced. In most of the
world today, risk-sensitive land use plans face strong political economy obstacles
and are rarely enforced (World Bank 2013). Where land rights are mostly informal,
introducing climate and disaster risks in land use planning would require the
government to first build the right institution, legal framework, and information
systems.

Mandate land use and urban planning

to accounts for long-term risks

In areas with rapid urban growth, smart risk-informed planning is crucial to reduce
long-term risks and adaptation costs. Land use plans need to account for climate risk
and avoid guiding urban growth into high-risk zones. Designating high-risk zones
as unsuitable for human settlement can avoid costly and politically challenging
relocation decisions. Using simple geographic information system approaches,
governments can identify “good” land for infrastructure development that is safe
and close to opportunities, jobs, and existing network infrastructure (toolbox E).

One option for government is to mandate local authorities to revise their land
use and urbanization plans, based on hazard maps that take climate change into
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TAKING ACTION >> Risk-informed urbanization
Toolbox E planning can help accommodate
. . Fiji's growing urban population
USI"g geosDatlaI while limiting the increase in
informationto  naturalrisks.

Identlfy prlorlty land In 2016, Nadi Town, Fiji’s third-

fOI‘ urban|zat|0n largest urban center, had a
@ ' population of around 52,800
X and was growing at the relatively
AN I rapid rate of 2.5 percent a year,

driven by tourism, transportation,
and high-value real estate
developments. So, it sought
to identify areas for future
settlement and infrastructure
investment that would minimize
exposure to natural risks and
development costs (Government
of Fiji and World Bank 2017).

Planners used digital elevation
models and flood maps as a first
screen to identify areas that
might be suitable for further
development. Figure E.1shows
the areas of Nadi that are highly
exposed to coastal and river

FIGURE E.1 >>

Digital elevation and flood maps help identify areas with development
potential in Nadi Town, Fiji
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Source: Government of Fiji and World Bank 2017.

floods in red, blue, and orange;
those that are at high or extreme
risk of flood in a 100-year
return-period flood risk map are
purple; developed areas are gray;
and areas with steep slopes are
white. The light pink areas are
potentially suitable for future
development, although further
studies are required to confirm
this simple assessment, and more
investment in drainage could
make some of the flood-prone,
low-lying areas suitable for
development.

The exercise identified about

4.3 square kilometers that

were not developed within the
town boundary (see inset). With
additional investment to improve
drainage, this land could be a
priority for future development.
With future densities of 10-15
dwellings per hectare (based on
today’s values), this area could
host 4,300-6,500 households.
In view of Nadi’s backlog of about
2,000 units and its growth rate
of 300 new households a year,
this land could accommodate
the town’s urban growth for 8-15
years.

Over the longer term, town
planners should consider areas
beyond the town boundary.
This could be combined with
expanding the boundary. More
than 45 square kilometers are
available close to Nadi, but
outside the town boundary.
This area could accommodate
45,000-70,000 households,
enough to manage rural-urban
migration for several decades.
Using this land, however, would
require addressing issues of
land tenure and ownership and
expanding networks, especially
for water and sanitation.
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account. Colombia’s framework law, for example, requires regional, municipal
and district authorities to incorporate climate change management into their
development and land management plans.'®

Governments can also create financial incentives for local authorities to consider
climate change, by linking the revision of plans with financial support for risk
reduction projects or other initiatives. In France, the PPP for natural disaster
insurance (the CatNat system) offers different deductibles for municipalities that
have designed and implemented a flood management plan and consider flood risk
in the building permit approval process (Przyluski and Hallegatte 2012).

Risk-sensitive land use and urbanization plans must also abide by construction
norms and building regulations. The quality of construction and the role played
by building regulations are key determinants of climate resilience. Behavioral
and market failures—for example, a lack of awareness of risks or the challenge of
verifying whether a building is built to standard—affect the resilience of buildings
and justify public action in creating and enforcing standards.

The world will see the construction of one billion new dwelling units by 2050. With
current practices, this may lead to a rapid increase in risk. And yet this growth
creates an opportunity for inexpensive reductions in risk through appropriate
building regulations. Appropriately designed new buildings can be made disaster-
resistant for a small fraction (5—10 percent) of the cost of construction. However,
retrofitting vulnerable structures may require major expenditure, in the range of
10—-50 percent of building value.

Infrastructure localization decisions drive urbanization patterns and expose
populations and assets to risks (Baum-Snow 2007a, 2007b); they should therefore
be coordinated with land use and urban plans. Planners can use infrastructure master
plans and new investments to guide urban growth towards safe zones. Choices

TAKING ACTION >> » Percentage of country/ » Areas impossible or too costly

Sample targets municipalitigs w?th revised land to protect againsj climate

adl bR ere use or urbanization plans that change impacts identified and
include current and projected communicated to the public
e » Regulation mandating the

» Share of population living in (or provision of climate and hazard

relocated from) high-risk areas, information to buyer in real
fragile buildings or retrofitted estate markets

fragile buildings

» Strategy for or specific
regulations on the use of nature-
based solutions approved
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around the localization of power, water, sanitation, and transit infrastructure
guides spatial development and influences land use, land use intensity, land values,
and employment and population densities (figure 9). Typically, transit-oriented
development investments have a unique ability to influence community resilience
because they inherently lead to concentrations of people and businesses around
transit stops (Salat and Ollivier 2017). For example, the location of anew road corridor
will probably determine where new settlements are built. If these investments are
not made strategically, considering information on an area’s exposure to natural
hazards, the outcome could be an increase in vulnerability to disasters.

FIGURE 9 >>

Urbanization in Addis Ababa,
Ethiopia, closely follows the
major public transport lines

Source: NASA MODIS Imagery 2002-2013 for
built-up area and OpenStreetMap for primary and
trunk roads.

With land use, early action is more efficient. Once a neighborhood has reached a
critical mass, relocating households becomes difficult. Once high-risk areas are
developed and inhabited, they may require costly protection investments, which
are often unaffordable in lower-income economies. The estimated cost of the
Netherlands’ fifth Delta Program, which aims to improve national flood safety and
fresh water supply, is €20 billion. The cost of the new flood protection system in
New Orleans—a city of fewer than one million inhabitants—is about $15 billion.
The reason these protection systems are so costly is partly due to having to meet
rigorous design and construction standards and undergo perfect maintenance.
Defense failure can lead to much larger losses than would have occurred in the
absence of protection (Hallegatte et al. 2013).

In places with little capacity to create and enforce risk-sensitive land use and urban
plans, other approaches may be mobilized, such as allocating the riskiest land to
non-residential use. In many places, flood zones or wetlands can be transformed
into urban parks, to minimize the risk of encroachment.

PRIORITY AREA TWO 85



Explore the implications of climate change for

internal migrations and regional economic impacts

Not all regions or areas of a country will be affected in the same way. Some will
be affected more than others, and some—such as higher elevation areas in hot
countries—may gain at least a comparative advantage.

The Groundswell report explores this question, focusing on three regions—Sub-
Saharan Africa, South Asia, and Latin America—that together represent 55 percent
of the developing world’s population (Rigaud et al. 2018). It projects that, without
concrete climate and development action, just over 143 million people (around 2.8
percent of these regions’ population) could be forced to move within their own
countries by 2050 to escape the slow-onset impacts of climate change. They will
migrate from less viable areas with lower water availability and crop productivity
and from areas affected by rising sea level and storm surges.

These trends, alongside the FIGURE 10 >>

emergence of “hotspots” of climate Areas projected to have high climate in- and
in- and ou t—migra tion (figure 1 0), out-migration in East Africain 2050

will have major implications for
climate-sensitive sectors and the
adequacy of infrastructure and social
support systems. In particular, they
may need to increase cross-regional
financial support to help negatively
affected regions cope with and
adapt to the impacts, and reallocate
infrastructure investments toward
the places that are least affected and
most likely to attract populations in
the future.

Systematically consider

nature-based solutions

Land use planning must also account
for the important role ecosystems
play in protecting people and
livelihoods against risks. Trees on
steep slopes protect rural villages
from landslides when heavy rains
fall, mangroves protect coastal

livelihoods during storm surges ® High certainty in high levels of climate in-migration
(Badola and Hussain 2005; Das and Moderate certainty in high levels of climate in-migration

. ! ® High certainty in high levels of climate out-migration
Vincent 2009), and forest cover hEIPS Moderate certainty in high levels of climate out-migration
reduce the occurrence of drought Source: Rigaud et al. 2018
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(Bagley et al. 2014). Protecting ecosystems can therefore help countries reduce
exposure to natural disasters.

In 2015, a flood risk assessment in Colombo, Sri Lanka, considered the deep
uncertainty around the city’s hydrological conditions and vulnerabilities to
compare the economic consequences of floods with and without local wetlands
(Hallegatte et al. 2019). While it is impossible to predict future flood risks in the
city with any certainty, the study revealed that the economic consequences of floods
would exceed 1 percent of Colombo’s GDP every year—a level of risk the authorities
consider intolerable—in the scenarios where all the city’s wetlands disappear.

As well as offering protection, ecosystems also provide income sources. To protect
these incomes from the impacts of climate change, the main option is reducing
non-climate stresses on ecosystems to make them better able to cope with changes
in environmental conditions. Conservation and ecosystem-based strategies are
critical for making ecosystems more resilient and protecting the resources on
which many poor people in rural areas depend. Healthy ecosystems are generally
quite resilient, so protecting them and restoring degraded lands can increase their
ability to withstand climate-related disturbances.

Consider strategic retreat when risk

reduction is impossible or unaffordable

As the impacts of climate change intensify—through rising sea levels or
increasingly frequent flooding—authorities should consider a managed retreat
or relocation of people. While some areas can afford to invest in costly physical
protection infrastructure such as extensive sea dike systems, the risks involved can
also make such an approach unviable or unaffordable in the long run.

Adaptation and resilience investments that are efficient over the short term
can also prove costly over the long term by promoting maladaptation through
the creation of new or higher risks. For example, although incremental coastal
protection investments may offer short-term relief, they also lock future urban,
economic, and population growth into high-risk areas, requiring multiple follow-
up protection investments, which may one day become unaffordable.

Lower-income areas and economies may prefer a well-managed retreat from areas
with excessive risk over cycles of continuously increasing risk and expenditure.
People have long used temporary migration as part of their coping mechanisms
to manage natural disasters and climate variability (Rigaud et al. 2018). But
long-term permanent migrations can be more difficult to manage, have much
larger financial, cultural and psychological costs, and pose unprecedented ethical
questions. Retreat and relocation strategies require careful consultation, planning,
and compensation, in line with social safeguards—and relocating large populations
while preserving livelihoods is costly. Decisions regarding retreat and relocation
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are always complex, and rely on more than economics. Fairness, the political
context, and a government’s ability to manage the negative impact of relocation
and support affected populations are all important considerations.

In some extreme cases, the long-term viability of entire countries has been
questioned. This is especially so for small, low-lying, highly vulnerable islands
facing sea level rise. However, there is no definitive answer to whether adaptation
to long-term climate change is technically, economically, and politically possible
in all countries, and what is possible will often depend on the instruments the
international community provides to support highly vulnerable countries.
Nevertheless, an adaptation intervention or strategy has to be sustainable over
the long term. Interventions that simply postpone the negative consequences of
climate change for a few decades may lead to maladaptation and higher costs in
the long run.
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Priority Area 3:

Help firms and
people manage
residual risks and
natural disasters

No matter how much private actors and governments
MINISTRY: try to reduce people’s exposure or make their assets
Interior or more resistant to natural hazards and climate change,
environment they cannot reduce risk to zero. Disasters will continue
to inflict damage, so it is vital to supplement actions
on exposure and vulnerability with improvements
in people’s ability to cope with unavoidable shocks.
A government’s first function is ensuring disaster
management instruments are available to all firms
and households—for example, through insurance
regulations. And since ensuring safety and security and
managing emergencies and crises is one of their main
functions, governments also have an important role to
play in ensuring that all private actors cope with and
recover from disasters and climate impacts, using tools
ranging from social protection to emergency response
and humanitarian interventions.

% LEAD

PRIORITY AREA THREE 89



TAKING ACTION >>
Screening questions

Identify actions

to cope with and
recover from

unavoidable
shocks

[
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While effective risk mitigation can go a long way in reducing loss
and damage, some natural shocks are too extreme and intense to
be prevented. Governments need strategies to ensure that when
disasters do occur, people and firms can cope without devastating
long-term consequences and recover quickly. The following
questions can help decision makers identify shortcomings and
guide them towards the actions needed to manage residual risks.

ACTION 3.1 >>
Early warning systems

Do people have universal
access to effective early
warning systems for natural
hazards?

Should include: effective
communication channels;
warnings with clear
recommended actions

Is the country prepared
to manage large-scale
evacuations?

Should include: adequate and
inclusive shelters; evacuation
plans

ACTION 3.2 >>

Strategy to manage
residual risks

Does the country have a
comprehensive strategy for
managing residual climate and
natural risks?

Should include: economy-
wide strategy to manage
residual risks and disasters;
households and firms have
access to necessary financial
instruments to manage small
and big shocks

ACTION 3.3 >>
Insurance and other
financial instruments

Are financial services
equipped to provide people
with accessible services in
postdisaster situations?

Could include: readiness of
financial sector to provide
access to savings, loans, and
remittances in a disaster
aftermath

Do households and firms have
access to disaster insurance?
Are these services affordable?

Could include: penetration rate
of disaster insurance among
households and firms; ratio of
premium to expected claim
amounts



ACTION 3.4 >>
Adaptive social
protection

Are households covered by

a social protection scheme
that can provide postdisaster
support?

Should include: stress-tested
systems that can deliver
payments in a postdisaster
context—for example, if power
is interrupted

Does the country have
aregistry of potential
beneficiaries, in case of major
disasters, and the ability to
make quick transfers to them?

For example: in Kenya, all
householders in the regions
covered by the Hunger Safety
Net Programme are registered
and have a bank account on
file to ensure quick transfers

ACTION 3.5 >>
Business
continuity plans

Are firms required to prepare
business continuity and
contingency planning?

Could include: regulation,
tax incentives, or technical
support available to develop
such plans

Does the government have
contingency plans to support
affected firms?

Could include: tax relief,
reconstruction subsidies, or
emergency loans

ACTION 3.6 >>
Capacity to
build back better

Are postdisaster recovery and
reconstruction plans designed
to avoid long-term lock-in of
risk?

Could include: not developing
areas that may be prohibitively
expensive to protect in the
long term

Are plans in place to build back
stronger, faster, and fairer
after large-scale disasters?

Could include: pre-contracting
debris removal tasks;
procurement agreements for
essential services
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ACTION 3.1 >>

Save lives (and money) with
hydromet, early warning, and
emergency management systems

© LEAD MINISTRIES: Interior and environment

Weather forecasts enable the anticipation of and preparation for extreme events,
and timely evacuation can save thousands of lives. The value of preparedness
was illustrated by two intense cyclones in the Bay of Bengal that occurred 14
years apart. Cyclone 05B in 1999 caused massive devastation, killing more than
10,000 people, and destroying housing and public infrastructure in the state
of Odisha, India. Fourteen years later, Cyclone Phailin, with wind speeds of 200
kilometers an hour, made landfall in Odisha on October 12, 2013. This time, the
story unfolded differently. After 72 hours, the official death toll was 38 persons,
less than 0.4 percent of the death toll in 1999, and close to one million people had
been evacuated to cyclone shelters, safe houses, and inland locations in Odisha and
Andhra Pradesh.

This success was the result of years of effort by the Odisha State Disaster
Management Authority and the government of Odisha, which built disaster risk
mitigation infrastructure, established evacuation protocols, identified potential
safe buildings to house communities, and, most importantly, worked with
communities and local organizations to set up volunteer teams and local champions
who knew what needed to be done when the time came to act.

Early warning systems can save lives when they effectively communicate
information, using simple messages and practical advice on how to react to
warnings. The European Meteoalarm system provides an example of a simple
information system to warn people and inform them of required actions.'” Reaching
the people who need to act before a disaster can be done using mobile phones or
internet, but also with volunteers who are well connected and trusted in their
communities. Other important recommendations include ensuring shelter designs
meet the needs of communities, taking into account gender issues and access for
people with disability.

Preparation also reduces physical damage and economic loss. Preparing a house
before a hurricane (by shuttering windows, for example) can reduce damage by
up to 50 percent (Williams 2002). In the case of floods, households can prepare
by moving goods to the second floor of buildings, moving vehicles outside the
flood zone, protecting important documents and valuables, disconnecting
electricity and gas supplies, unplugging electric appliances, and installing water
pumps. Studies show that when the Elbe and Danube flooded in Europe in 2002, 31
percent of the population in flooded areas implemented such preventive measures
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(Kreibich et al. 2005; Thieken et al. 2007). The timing of the flood warning was
critical: the businesses that were able to protect their equipment or inventories
were those that received the warning early enough. One study estimates that a
warning issued 48 hours before a flood can reduce overall damage by more than
50 percent (Carsell et al. 2004).

The benefits of providing universal access to early warning systems globally have
been repeatedly found to largely exceed costs (GCA 2019; World Meteorological
Organization et al. 2015; Hallegatte 2012; Hallegatte et al. 2016b). One study
estimated that investing in early warning systems could generate about $13 billion
a year in avoided asset losses and well-being gains equivalent to $22 billion
(Hallegatte et al. 2016b). Despite considering only asset losses and not human lives
that could have been saved, this estimate is much larger than previous assessments.
Although no solid estimate exists for the cost of providing such a service globally, a
back-of-the-envelope calculation is about $1 billion a year (Hallegatte 2012). This
confirms that investing in an early warning system makes economic sense, even
without considering its main benefit: the lives that can be saved (World Bank 2013).

Although early warning and prevention systems cannot avert all damages, they can
help ensure that emergency services are ready to act, and possibly pre-positioned
so that they can act more quickly and efficiently. Early warning systems must be
interconnected with emergency management systems, including health care, fire,
police, civil protection, and the army, who can support a response to major disasters.

TAKING ACTION >> » Daily weather forecasts are » Capacity of shelters or
Sample targets produced by the hydromet emergency services—for
ol AR RS agency apd an easy-to- o exan"nple, number qf emergency
communicate alert system is in medical service units, and trained
place health emergency professionals
» Communication channels are in » Duration communities
place to efficiently communicate can operate safely and
early warnings to the population independently—for example,
and emergency services water and food storage and

. . medical supplies
» Average error in early warning

(both missed events and false » Number of disaster drills
alarms) performed per year

» Share of population with access
to early warning systems or
covered by evacuation plans

» Average distance to closest
shelter
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ACTION 3.2 >>

Provide all firms and households
with risk management instruments

© LEAD MINISTRY: Economy or finance, with social affairs or protection

Helping households cope with and recover from shocks

requires a holistic and flexible risk management TAKING ACTION »-

strategy with a range of policy instruments appropriate
for different disasters and affected populations. Poorer
and richer households have different needs and can be
supported with different instruments (figure 17).

Revenue diversification and basic social protection can
help households at all income levels cope with small
shocks, while remittances make people less vulnerable
to income shocks. Financial inclusion helps poor
people save in ways that are less vulnerable to natural
hazards than in-kind savings, such as livestock and
housing; it also diversifies risk.

But when shocks are larger, these instruments will
not be enough, and additional tools will be needed. For
relatively wealthier households, financial savings will
help, and access to borrowing can help them rebuild
quickly. But there are limits to what savings and access
to borrowing can achieve, and borrowing can create a
debt trap that poor households struggle to escape.

Insurance products can provide protection against rare
shocks at a lower cost than savings or borrowing. A
study of the Christchurch earthquake in New Zealand
in 2011 shows that insurance helps firms bounce
back after a shock (Poontirakul et al. 2017). Over the

Sample targets
and indicators

» Overall strategy to
manage residual
risks and disasters
is prepared and
approved

» Coordination
mechanisms
between the various
preparedness actors
are in place—for
example, ministries
or agencies for
crisis management,
social protection,
food security and
agriculture, finance

Fraction of the
population covered by
at least one financial
instrument to cope
with shocks—for
example, insurance,
social protection, or
access to emergency
borrowing

medium term, a firm with business interruption insurance is significantly more
likely (by some 15 percentage points) to have enhanced productivity and improved

performance after a disaster.

Social protection systems, which are usually implemented to reduce poverty and
help people manage idiosyncratic shocks such as accident and health issues, can also
provide supportin postdisaster situations. Toincrease their efficiency in postdisaster
situations, some countries have implemented adaptive social protection systems
that respond to shocks by either expanding the list of beneficiaries (Ethiopia or

Kenya) or increasing transfers to existing beneficiaries (Fiji).
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FIGURE 11 >>

Risk finance strategies
for households and
governments

Source: Hallegatte et al. 2016b.
Note: Instruments targeting
households are in black;
instruments for governments or
local authorities, in red.

Adaptive social protection

International aid

Government
insurance and
contingent finance

Government
reserve funds

Market
insurance

Financial inclusion
(savings, credit)

Revenue diversification
(social protection, remittances)

Poorer
households

Richer
households
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ACTION 3.3 >>

Develop the insurance sector, building
on public-private partnerships

© LEAD MINISTRY: Finance

Domestic disaster insurance markets have proven to

be an effective channel for developing the resilience TAKING ACTION -
of disaster-exposed households and businesses. The Sample targets
Turkish Catastrophe Insurance Pool and the Mongolian and indicators

Livestock Insurance Pool are good examples of PPPs.
Both the Turkish and Mongolian governments use
their domestic insurance markets to reach households
and businesses with insurance products, realizing
their policy goals of expanding the population’s » Share of population
financial resilience to disasters. Both partnerships x:ﬂrgf::te’

have substantially increased insurance penetration at » Share of population

the local level. with access to
emergency loans
from financial

But developing insurance markets is challenging, institutions
particularly in low-income environments. Where » Share of population

. . ) ) receiving remittances
insurance is not compulsory, pick-up rates remain low. > Share of population
Even in the US and Italy—high-income countries with with financial savings

. 1s . . in a bank account
subsidized insurance against floods or earthquakes—

less than 30 percent of homeowners are covered. The

Mongolian Livestock Insurance Pool scheme started

in 2005 and covers more than 10,000 herders. But

despite its success, pick-up rates remain relatively low, at less than 15 percent
of herders in covered areas. There are many reasons for low pick-up, including
high costs, affordability issues and behavioral biases (Kunreuther et al. 2013). But
while affordability issues, magnified by large transaction costs, are a problem in
developing countries, weak institutions and a lack of trust also play a role. A lack
of robust data—which insurers need to assess potential risks—is another frequent
problem in developing countries.

Index-based insurance refers to products for which payments are not based on
observed losses. Instead, they are based on when a physical variable—for example,
a rainfall deficit, wind speed, or area-based yield—or another index exceeds a
predetermined threshold, regardless of the existence of loss. For example, a farmer
will receive a predefined insurance payment if rainfall falls below a minimum
threshold over a one-month period. Index-based insurance schemes have major
advantages over traditional contracts, including:

» Reduced transaction costs because losses do not need to be measured
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» Encouraging individuals to still take preventive measures because the
payout does not depend on losses or actions taken to reduce risks—in
other words, reducing moral hazard

» Simple and objective payment decisions, which make it easier to enforce
contracts.

But index-based insurance also suffers from basis risk—the difference between
payments contract holders receive and the losses they suffer. This means that they
may receive a payment and lose nothing; but they could also receive nothing and
have large losses, which would be catastrophic for those close to subsistence level.
So, when exploring index-based insurance products, it is important to:

» Invest in high-quality indices that aim to minimize basis risk
» Ensure the contract holder fully understands the limitations of the index
» Explore the possibility of covering large groups—for example, a

community or an agriculture cooperative—which makes the basis risk
smaller and easier to manage.
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ACTION 3.4 >>

Build a social protection system
that is responsive to shocks

© LEAD MINISTRY: Social affairs or social protection

Ensure that social protection systems

can be scaled up in case of disaster

For the poorest households, savings are often not an
option, and high transaction costs and affordability TAKING ACTION =>
issues make access to private insurance challenging. Sample targets
These households need well-targeted and -easily sl dugslesitalre
scalable social safety nets.

Adaptive social protection systems have proven to
be critical for channeling resources to those who are
most in need due to climate stresses. As shown in S

: : ; systems completed,
Figure 12, adaptive systems can respond quickly to including delivery
disasters or slow-onset climate crises through: mechanisms

» Contingency plan
to scale up social

Stress test of existing

» Vertical expansion: Scaling up or providing protection systems
additional resources to regular beneficiaries—for g;‘r”fg\’gzd e
example, all beneficiaries of Fiji’s Poverty Benefit S Beles e
Scheme received exceptional transfers after in place, such as

. . . bank accounts for all
Tropical Cyclone Winston in 2016. households in registry
» Share of population
» Horizontal expansion: Scaling out or providing COMEEE Iy SEBE]
. L . X protection orin social
support to additional beneficiaries during bad times registry, including
o s potential beneficiaries
or years—for example, the number of beneficiaries in case of scale-up

of Ethiopia’s Productive Safety Net Program
depends on rainfall.

Some systems combine scaling up and out. Kenya’s shock-responsive cash
transfer Hunger Safety Net Programme, for example, has disbursed about $8
million to some 180,000 households (900,000 people) in response to drought.
The government also used the program to provide aid before a drought hit in
2015, when El Nifio increased the likelihood of lower rainfall. As well as raising
awareness of the impending shock, this gave people the resources they needed to
prepare for it.

Ethiopia’s innovative adaptive Productive Safety Net Programme has been found
to reduce the impact of drought in rural households. A study measuring the impact
of drought on farmers’ consumption in 2005 and 2011 found that a 10 percent loss
of crops through drought led to a 2 percent reduction in consumption. But people
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covered by the program only experienced a 1.5 percent reduction, suggesting that
the safety net reduces the impact by a quarter on average (Porter and White 2016).

FIGURE 12 >> LA
. . ) Benefit Vertical
Ada.ptwe social pro_tectlon. amount expansion
horizontal and vertical
expansion A o
Source: Bowen et al. 2020. X |
Temporarily !
increased
benefit |
amount |
i
|
Horizontal
expansion
Regular Regular social
benefit(s) protection system
amount parameters
L >
>
\ R e > Population
Core beneficiaries of Those notin
social protection system receipt of regular

benefits but
affected by a shock

Strengthen social protection systems, especially

delivery systems and pre-arranged finance

Adaptive social protection requires more administrative and financial resources than
regular social protection systems. A recent World Bank report (Bowen et al. 2020)
identifies several priorities and investments that go above and beyond business as
usual for regular social protection. Generated by the unique demands of building
household resilience to systemic shocks, these priorities fall into four building blocks:

» Programs: To be adaptive, social protection systems need to build
resilience by supporting preparedness, coping, and adaptation. This
includes actions before and in the immediate aftermath of disasters or
environmental shocks.

» Data and information: The design and implementation of social
protection systems must be underpinned by data and information. This
also needs to be easily available to respond quickly after a disaster, when
timeliness is critical and data collection is difficult.

M

Finance: To be scaled up when required, social protection systems must
have resources available—both of their own and in coordination with the
Ministry of Finance. For a timely and effective delivery, these resources
must be pre-arranged.
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» Institutional arrangements and partnerships: Multisectoral
institutional arrangements and partnerships—especially between
government and humanitarian crisis management agencies—are critical
for an efficient response.

The use of modern tools and systems can make delivery systems more flexible, able to
react quicker, and more resilient to shock, ensuring their reliability during a crisis. To
make adaptative social protection systems possible, governments must ensure that:

» The social registry is sufficiently inclusive and includes more than the
“regular” social protection beneficiaries. These registries can build on
unique and universal identification systems (with appropriate oversight
and accountability to make sure it is used for the correct purpose).

» Electronic/digital payment mechanisms are robust enough to get cash
to households even during a crisis, when power may be out for extended
periods and roads may be cut for even longer.

Investing in such systems will raise the adaptation potential of social safety nets, and
may facilitate the delivery of international aid and humanitarian support, as seen
in the Philippines (Hallegatte et al. 2016b). An adaptation and resilience strategy
can include provision to ensure that new and existing social protection systems
are designed or retrofitted to do more to boost resilience. Spotlight 3 discusses the
opportunity to design social protection investments to respond to pandemics such as
COVID-19 so they build long-term resilience in affected countries.

Ensure resilience measures support long-term

adaptation and do not lock people into a place or activity

Support to people after shocks or disasters should be designed in a way that does
not disincentivize adaptation to long-term trends. For example, support to areas
that are increasingly affected by drought should not lock people in place, especially
if the trend is expected to worsen over time. Instead, postdisaster support should
help people change activity or migrate if that will improve their prospects.

Social protection schemes need to maintain incentives to invest in long-term
adaptation to economic and environmental changes. Poorly designed social safety
nets can reduce the incentive for people to quickly adapt and change occupation or
activity when the first effects of climate change appear (Chambwera et al. 2014.).

This problem is not new or specific to climate change, and efforts are already under
way to ensure that social protection is a facilitator of, and not an obstacle to, long-
term change and adaptation. This includes facilitating migration (Brown et al.
2013; Bryan et al. 2012) or making benefits more portable if recipients decide to
move to capture better opportunities (World Bank Group 2015).
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SPOTLIGHT 3 >>
COVID-19

Exiting the
COVID-19 crisis
more resilient
than before?

A few months into the COVID-19
crisis, almost all countries have
boosted their social protection
systems to help their population
manage the pandemic and

the consequences of needed
containment measures
(Gentilini et al. 2020). However,
this experience has shown that
existing systems are not always
designed to quickly increase

the number of beneficiaries or
deliver exceptional transfers

to usual beneficiaries.
Interventions in most countries
include determining which
additional beneficiaries need

to be covered; executing the
transfers through existing or
new delivery mechanisms;

and financing the cost of these
transfers.

If designed and implemented
sustainably, and if efforts are
maintained over the long term,
any improvements made during
the COVID-19 crisis could
improve all social protection
systems’ capacity to scale up
quickly and efficiently next
time countries are affected

by a major shock, including

a climate-related one. This
includes, for example, creating
and maintaining household
registries and electronic
payment mechanisms."®

PRIORITY AREA THREE 101



TAKING ACTION >>
Toolbox F

Assessing the
benefits of

higher resilience
and designing
resilience-building
instruments

M 3
(AN

U
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One challenge in designing
and advocating for resilience-
building tools like adaptive
social protection is that they
do not yield measurable
benefits in terms of reduced
asset or economic losses. But
although insurance, social
protection, and remittances
do not reduce direct damage
from a disaster, they can
significantly reduce impacts on
societal well-being (Hallegatte
et al. 2016b).

Itis possible to use alternative
metrics—such as the number
of people falling into poverty,
full recovery time, or well-
being losses—to assess and
compare initiatives that reduce
asset losses or increase
socioeconomic resilience.
These include building dikes
and providing insurance to at-
risk populations. By expanding
the range of policies they
consider to reduce disaster
impacts, decision makers can
create cheaper, more efficient,
and more equitable policy
packages.

An analysis of Sri Lanka’s
social protection system found
that—in the case of a 1-in-50-
year flood in Rathnapura—a
top-up equivalent to one
month of regular transfers to
all recipients of the Samurdhi
cash transfer program would
have a benefit-cost ratio of
2.6, and would cost $1.2 million
(Walsh and Hallegatte 2019).
More targeted approaches
reduce the budgetary cost of
the top-up and increase the
benefit-cost ratio, mostly by
reducing the inclusion error
(figure F.1).

The same study also
investigated using a new proxy
means testing (PMT) score

to support poor households
affected by floods, calculating
benefits and costs across

the range of PMT scores.

The analysis suggested

that the marginal benefit of
adding recipients exceeds the
marginal cost, up toa PMT
score around 950 (figure
F.2). This type of analysis

can help guide the design of
postdisaster support systems
and ensure the most efficient
use of limited resources after
a shock.



FIGURE F.1 >>

Cost-benefit analysis of different implementations of a Samurdhi scaleup
inresponse to a 1-in-50-year flood in Rathnapura, Sri Lanka
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FIGURE F.2 >>

Marginal cost and benefit of increasing the PMT threshold for postdisaster
support following a 1-in-50-year flood in Rathnapura
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ACTION 3.5 >>
Help firms develop

business continuity plans
and financial preparedness

© LEAD MINISTRY: Economy

Individual firms’ ability to cope with a shock and
continue to produce in the aftermath of a disaster TAKING ACTION >>
depends on many factors; still firms can do a lot Sample targets
to become more resilient (Rose 2009). The general and indicators
recommendation is to identify threats, assess risks, and
consider mitigation options. This allows them to invest
in prevention—for example, by adding a generator

in case of power outage, investing in movable flood
protection, or even elevating critical equipment. It also » Fraction of firms with

: : BCPs or disaster
helps them prepare for residual risk. TR

» Number of area-
Preparing a BCP can ensure a firm’s management based BCPs

and workers know what to do in case of disaster to

maintain or restore production as fast as possible.

For example, Japan’s policy and institutional framework for industry resilience,
the Basic Disaster Response Plan, requires companies to recognize the role they
are expected to play when disaster strikes, understand their own risk from a
natural disaster, implement risk management and develop a BCP to minimize
the consequences of shocks. The 2012 Japan Revitalization Strategy sets BCP
establishment targets for 100 percent of large firms and 50 percent of small and
medium enterprises by 2020.

BCPs usually include operational recommendations on:
» How to proceed if critical supplies cannot be procured

» How to maintain activity if people have to work from home due to damages
to the firm facility

» What to do if there is no internet or other form of telecommunication

» How to manage the needs of workers personally affected by the disaster
through injury, loss of friends or relatives, or loss of home.

BCPs should also consider the full supply chain and include issues that may affect

suppliers (or suppliers’ suppliers) and clients. They can also consider financial
issues, such as how to manage a drop in sales, increased supply prices, or the
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urgent need to replace expensive equipment. Access to contingent credit lines and
appropriate insurance are among the many tools that firms can include in their BCP.

Firms or facilities may find it easier to establish an area-based BCP to manage
disaster impacts by collaborating and pooling their resources to reduce costs—
for example, by sharing emergency power generation. Since the 2011 earthquake
in Japan, which caused large production disruptions, several firms have come
together to redesign their evacuation protocols and emergency communication
procedures and develop new shared backup solutions for critical utilities. This
can require an authorizing legal and regulatory environment, so government,
competition regulators and other authorities may need to support such efforts.

BCPs can be designed by performing stress tests and exploring “what if”’ scenarios
to identify bottlenecks and vulnerable points (Chopra and Sodhi 2004). Firms
should update plans regularly, incorporating lessons from any new disasters
or disruptions (Hamel and Valikangas 2003). They also need sophisticated data
management. After the 2011 earthquake, Toyota created a new database, Rescue,
for the inventories held by 650,000 suppliers worldwide. It uses this information
to locate available resources and prevent bottlenecks in production processes when
suppliers are affected by a shock.
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ACTION 3.6 >>

Be prepared to build back better
after disasters, with contingency
plans and financing

© LEAD MINISTRY: Economy, planning, environment, investment, or infrastructure

Public assets—from energy and transport infrastructure
toschoolsandhospitals—arehighlyexposedtodisasters,
so contingency plans and financing are required to
ensure the rapid and efficient reconstruction or repair
of these systems after a disaster. And since schools are
often used as shelters in case of evacuation, they usually
need modifying before they can accommodate students
again, which also requires preparation and finance.
One common recommendation is for each sector to
prepare the equivalent of a business continuity and
reconstruction plan to follow in a disaster aftermath.
Such plans are also important inputs into the financial

TAKING ACTION >>

Sample targets
and indicators

» Resilient recovery
and reconstruction
plans ready for
implementation, with
revised land use and
standards

component of the response, since they should provide ;
an estimate of required resources. See Action 4.1 for a
discussion on contingent liability.

Pre-approved
contracts for
emergency
interventions (such
as debris removal)

or reconstruction
(such as road repairs)
approved, with
enhanced standards

When a disaster hits and old or low-quality assets are
destroyed, public and private sector reconstruction can
help countriesbuild backbetter under improved building
norms, thereby improving their productivity and
resilience postdisaster. Often, this does not happen—
usually because the urgency to rebuild leaves little time and resources to rethink the
design or spatial footprint of cities and infrastructure. Building back better depends
on a country’s ability to plan and implement the reconstruction process efficiently;
having pre-prepared plans, developed ahead of a crisis, is extremely useful.

There are some encouraging cases. After the 2009 Victoria bushfires in Australia,
the authorities successfully implemented measures to build back better, with
improved land use planning and structural design (Mannakkara et al. 2014). In
Mexico, the government has initiated innovative financing arrangements under
its natural disasters fund, Fondo de Desastres Naturales (FONDEN), to incentivize
investment, build back better, and relocate housing to lower-risk areas (Tanner
and Rentschler 2015).

Replacements for destroyed capital can be more resilient and better adapted to

current and future needs, and use the most recent technologies, which have higher
productivity. Upgrading capital can involve:
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» For households, rebuilding houses with better insulation and heating
systems, allowing for energy conservation and savings

» For companies, replacing old production technologies with new ones—
for example, computer-based management files instead of paper-based
systems

» For government and public agencies, adapting public infrastructure
to new needs—for example, replacing destroyed schools with larger or
smaller buildings according to demographic evolutions.

A more productive economy can compensate for capital losses in an event
aftermath, increasing the pace of technical change and representing a positive
consequence of disasters. Several studies mention this “productivity effect”
(Albala Bertrand 1993; Benson and Clay 2004; Hornbeck and Keniston 2017).
Although it cannot turn natural disasters into desirable events (Hallegatte and
Dumas 2009), the productivity effect can reduce overall impacts on economic
growth and well-being.

The potential benefits of building back stronger and using more recent and
productive technologies provide a strong incentive for introducing policies and
tools that help ensure the highest quality reconstruction. For both private and
public sectors, useful policies and tools—which must be in place before disaster
hits for their benefits to be realized —include:

» Contingency plans and a clear allocation of reconstruction responsibilities
» Financial protection through insurance or social protection systems
» Financial inclusion with access to credit to finance the reconstruction

» Updated construction norms and performance standards to apply to the
reconstruction

» Access to information and knowledge on how to implement modern
solutions and technologies.

Building back better does not only depend on financial resources; countries must
also have the ability to efficiently plan and rebuild. The experiences in Haiti after
the 2010 earthquake revealed that a lack of technical expertise and raw materials
in the disaster location can make building back better difficult in practice
(Kijewski-Correa and Taflanidis 2012). However, with good advance planning and
preparation, recovery efforts can build back not only stronger, but also faster and
more inclusively (Hallegatte et al. 2018).
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Priority Area 4:

Manage financial
and macrofiscal
issues

Climate change impacts—whether through slow

* :ﬁﬁg STRY: changes or shocks—and the adaptation actions that
Finance households, firms, and investors take can influence

macroeconomic aggregates such as GDP, trade balance,
inflation, or public debt (figure 13). They may also

lead to changes in asset values or financial risks

that are large enough to threaten the stability of the
financial system (Carney 2015; Campiglio et al. 2018).
Because they have macro-level implications, climate
and disaster risks cannot be managed by individual
households, firms, or investors alone. There also needs
to be public action, especially in assessing, monitoring,
and regulating financial and macrofiscal risks.

This is particularly challenging due to the massive
uncertainty around how to measure or model the
macroeconomic impacts of natural disasters and climate
change. Decision makers should therefore consider
uncertainty when designing adaptation and resilience
strategies, which need to be both robust, so they deliver
benefits in the wide range of possible futures, and
flexible, so they can be adjusted as new information
becomes available.
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FIGURE 13 >>

The channels through which climate change can affect macrofiscal and financial aggregates
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TAKING ACTION >>
Screening questions

Identify actions
to mitigate

financial and

macrofiscal risks

-
=

]

Through its impacts on people
and firms, climate change

has the potential to cause
system-wide impacts on
economies. Are countries and
governments well prepared to
manage the fiscal and financial
shocks alongside the long-
term structural changes that
climate change could bring?
The following questions can
help decision makers identify
shortcomings and guide them
towards the actions needed
to mitigate financial and
macrofiscal risks.

ACTION 4.1 >>
Financial
protection strategy

Does the government have
an assessment of contingent
liabilities associated with
different natural hazards?

Does the government have
contingency plans and
financing instruments that can
mobilize the resources needed
to respond to a shock?

Could include: postdisaster
public finance management
(PFM) assessment; clear
earmarking; defined
accountabilities; targeting

ACTION 4.2 >>
Mitigating
macroeconomic impacts

Are the possible long-term
macroeconomic impacts of
disasters and climate change
assessed and planned for?

Is the uncertainty properly
considered?

Should include: implications
for GDP and long-term debt
sustainability, in multiple
scenarios

ACTION 4.3 >>
Aresilient
financial system

Have climate stress tests of
the financial system been
conducted, and potential
shortcomings addressed?

Should include: publicly
disclosed stress tests of
banks, insurers, institutional
investors, and pension funds;
regulations to mitigate
financial sector risks

Have regulators and financial
supervisory authorities
assessed the vulnerability

of the financial system

and introduced specific
recommendations or
regulations?

Could include: large firms and
investors reporting annually on
their exposure to climate and
disaster risks
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ACTION 4.1 >>

Include contingent liabilities from natural
disasters and environmental shocks in
the planning and budgeting process

© LEAD MINISTRY: Finance

Contingent liabilities only materialize if a certain event

occurs. For example, if the roads are damaged by flood, TAKING ACTION >>
the government is responsible for repairing them. Sample targets
There are two types of contingent liability: and indicators

» Explicit contingent liabilities are relatively
easy to estimate, based on public asset and
infrastructure inventories—for example, if the
state owns the public roads, it is responsible for S
fixing them.

Risk to public assets
and corresponding
contingent liabilities
assessed

Emergency and

» Implicitliabilities are linked to other expectations ’
social protection

or forms of commitment and are more difficult spending needs

to estimate—for example, governments are and corresponding
contingent liabilities

expected to support populations affected by assessed

Explicit and implicit

disaster and provide humanitarian and financial )
contingent liabilities

resources. quantified and
included in budget
. . . . documents
The first step, then, is to include these contingent » Risk to GDP and tax
liabilities in the budget planning process and make revenues estimated
. . dincluded i
them part of the deliberation (World Bank 2013; OECD f,ﬂdg";f goceur::;ms

and World Bank 2019). This ensures that climate and

disaster risks cannot be ignored. The Bhutanese budget

process, for example, includes natural disasters (Nu

225 million/0.1 percent of GDP) and climate change impact (Nu 20 million/0.01
percent of GDP) in its fiscal risk assessment matrix (implicit contingent liabilities).
Sweden’s Climate Act explicitly states that climate and national budgetary policies
should be aligned and requires investment-related impacts to be explicitly
considered in the four-year climate plan.?® It also requires the annual government
report on climate action to be connected to the budget bill, strengthening the link
between them. France also requires its annual report on climate change policies
to be connected with the budget bill.' The report contains information on public
and private funds dedicated to climate change policies and calculates the gap to the
necessary volumes required.

One major challenge, dramatically illustrated by the COVID-19 crisis, is the need
to consider the possibility of multiple simultaneous crises—for example, when
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a hurricane affects a region already struggling with an epidemic—and cascading
crises, which occur when one crisis, such as a long drought, triggers another
crisis, magnifies social tensions or leads to conflict and violence. While a fully
probabilistic assessment of compounding risks may be excessively complex,
using a few scenarios with multiple crises may highlight some vulnerabilities and
liabilities that are not apparent if each possible threat is considered independently.

First dimension: public and

private asset reconstruction costs

Facing these liabilities when they materialize, governments need to bridge the
funding gap to cover both the immediate response—providing emergency food,
water, blankets, tents, medical care—and the recovery and reconstruction stage,
which includes repairing roads, buildings and so on (toolbox G). These two funding
needs have different constraints and priorities: for the emergency response,
timeliness is critical, but amounts are relatively limited, and the cost of capital is
less important. For reconstruction needs, amounts are often large, and the cost of
capital becomes a critical consideration.

Figures 14 and 15 illustrate the Fiji government’s explicit contingent liability from
public asset and infrastructure reconstruction, and its additional financing needs
for social expenditure in response to tropical cyclones. Figure 15 shows the costs
of providing social protection at various return periods and two levels: similar to
the government’s response to the 2016 Tropical Cyclone Winston and another,
wider and stronger response. Governments can use analysis like this to calculate
the finances needed to respond to future disasters and decide on the best source of
financing for various needs.

FIGURE 14 >>

Funding of the government of Fiji's explicit contingent liability (from public assets and infrastructure)
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TAKING ACTION >>
Toolbox G

Assessing
potential (direct)
damages from
natural hazards

M (D
o\

o
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There are a few databases
with records of past disasters
and their human and economic
consequences. The most used
is EM-DAT,?? curated by the
Centre for Research on the
Epidemiology of Disasters

at Belgium’s Université
catholique de Louvain. Other
institutions have created
similar datasets, including

the UN-DRR’s Deslnventar,??
reinsurer MunichRe’s
NatCatSERVICE,** and
reinsurer SwissRe’s Sigma.?®

These datasets allow quick
estimates of current country-
level risk levels. But it is
important to use historical and
economic datasets with care.
They tend to be incomplete,
especially for low-income
countries and moderate
intensity disasters. They also
use different definitions and
thresholds—for example,

for what is considered

a disaster—and provide
economic estimates based
on different methodologies
and covering different scopes.
Some cover only direct

costs, while others cover
direct and indirect costs.
Also, socioeconomic and
climate trends make natural
hazards non-stationary, and
risk assessments based on
historical data cannot provide

precise estimates of future
risks (McCarl et al. 2008).
Governments should create
their own monitoring system
and keep records of every
disaster. These should cover
the nature and location of
each event as well as all
available information on

its consequences, with
harmonized methodologies
and scopes if possible. There
are recommendations on
how to set up such a system
elsewhere (see, for example,
OECD 2016).

To assess future disaster

risks and their economic
implications, governments
should use simulation
modeling to estimate the direct
risk to assets and economic
activity (usually expressed as
average annual losses). A range
of approaches are available

for this, from simple, cheap
options to complicated and
expensive ones, including:

Relying on global estimates:
For example, the United
Nations Disaster Office for
Disaster Risk Reduction’s 2015
Global Assessment Report
(UNISDR 2015) and its risk

and disaster data platforms?®
provide country-level
assessment for earthquake,
storms, and floods.



Making relatively simple
assessments using existing
data, combining:

» Global hazards maps, such
as those recorded in the
ThinkHazard platform?

» Remote sensing-based
estimates of exposure,
such as the approach
proposed in Gunasekera et
al. (2015)

» Vulnerability curves,
which are available from
various sources, including
academic papers and
engineering documents.

The GFDRR country profiles
provide examples of simple
risk assessments, with

estimates of direct damages
for different hazards and
reporting periods in many
countries.® Figure G.1
illustrates the risk assessment
for Saint Lucia.

Developing a full country
catastrophe model: Thisis a
longer and more expensive
exercise involving primary
data collection—for example,
on the exposure and
vulnerability of buildings and
infrastructure. Commercial
modeling firms have
developed such models in
countries with developed
insurance markets, but
low-income countries do not
usually use them.

With each of these approaches,
itis possible to restrict the
assessments to public assets,
either by using a public asset
inventory or a simple rule of
thumb on the fraction of assets
that are government-owned.
This would allow governments
to assess the risk to public
assets, which will correspond
to the reconstruction needs
they will be directly exposed to.
This work can build on Action
1.1, which recommends
creating hazard maps and
datasets, and Action 2.1,
which recommends creating
an inventory of public assets,
including their value and
exposure to natural hazards
and climate change impacts.

FIGURE G.1 >>

Saint Lucia hydrometeorological risk profile

1,400

m Total economic losses
1,200 Direct economic losses
Public economic losses

-
/

2 1000
2 /
T 800
@: /
w600
(9]
0 /
8 400
-
200
0
0 50 100 150 200 250

Source: World Bank 2018. Return period (years)

PRIORITY AREA FOUR 115



FIGURE 15 >>

The government of Fiji's implicit contingent liability, based on social protection financing needs in response
to tropical cyclones
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Source: Government of Fiji and World Bank 2017.
Note: F$ = Fiji dollars.

Second dimension: impact on tax revenues

Aswell as affecting spending needs, disasters cause tax revenues to fall, increasing
the funding gap. For example, following a severe drought in 2017, Argentina lost
an estimated $1.5 billion in tax revenue in 2018, mostly due to reduced exports
(Secretaria de Ingresos Publicos, 2019). The impact on tax revenues depends on
the indirect effects on GDP and economic activities, so it is much more challenging
to assess than spending needs and contingent liabilities. Toolbox H discusses tools
for estimating the GDP impact of natural disasters, ranging from simple rules of
thumb to full modeling options. Governments can use these estimates as inputs
when designing appropriate policy response strategies. They can then mobilize
traditional instruments and approaches to link the potential impact on GDP to a
drop in tax revenues.

The impact of a disaster on GDP can differ enormously from its direct impacts—
that is, the cost of repairing or replacing damaged assets. Impact on GDP will
depend on how damage to assets and interruptions to economic activity translate
into reduced output and value added. It will also depend on the stimulus effect
generated by reconstruction and government responses. Because GDP includes
components that cannot be directly observed through a transaction—such as
the value of services provided by owner-occupied dwellings or public roads—
measuring the GDPimpact of disasters is difficult and subject to large uncertainties.

One important finding in both empirical and theoretical literature is that the
impacts of natural disasters on GDP are nonlinear—in other words, doubling the
direct damages does more than doubling the GDP impact. They are also context-
dependent, particularly in respect to the pre-existing macroeconomic situation.
Figure 16 illustrates the GDP losses caused by hurricanes of increasing intensity in
the US state of Louisiana, based on a modeling study. GDP losses due to hurricanes
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are almost null until direct losses reach a certain threshold—in this case, around $50
billion—because the lost output due to damages is compensated by the increased
demand from post-shock reconstruction. But GDP losses increase rapidly beyond
this threshold.

FIGURE 16 >>

Relationship between direct asset losses from hurricanes of increasing intensity and resulting losses in
output
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This nonlinearity in the impact of disasters on GDP is largely explained by
constraints on reconstruction: the loss of output at one point in time increases more
or less linearly with capital losses, but reconstruction takes longer for bigger shocks
(toolbox H). This increases the cumulative loss of production nonlinearly with the
amount of capital losses, while the benefit from reconstruction increases only
linearly with asset losses. Such nonlinearity is fully consistent with empirical studies
showing that the impact of disasters on GDP is only detectable for the largest ones.

Modeling the duration of reconstruction is therefore critical. In a simple model with
no financial and technical constraints on reconstruction, damages can be repaired
within weeks or months. The capital losses from Hurricane Katrina in the US state
of Louisiana in 2005, for example, only represent a couple of weeks of investment
in the US. But reconstruction takes much longer, for financial, regulatory, and
technical reasons:

» Financial: In many countries, local infrastructure reconstruction is paid
for by central government but carried out by local authorities. Budgetary
processes can take months to transfer the resources, slowing down
reconstruction. Private actors—firms and households—may also be unable
to mobilize enough resources to rebuild straight away, often deciding to
repair their homes and factories in phases, spreading the cost over years.
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» Regulatory: After alarge shock, reconstruction requires long-term planning,
particularly if the goal is to build back better. For example, governments or
local authorities may decide not to rebuild in the most at-risk areas, but this
would require a political process that can take several months. In the absence
of pre-approved contracts and specific PEM arrangements (see Action 4.2),
procurement can also delay reconstruction by months or more.

» Technical: Reconstruction increases demand in specific sectors that have
capacity constraints. For example, removing debris after a hurricane can
take a long time because heavy equipment is scarce, and repairing houses
can take years because skilled workers—such as roofers or carpenters—
are missing. Supply constraints are often visible through sectoral
inflation in the construction sector’s wages and prices. This is referred to
as “demand surge” in the insurance industry (figure 17).

These three types of constraint explain why reconstruction after major disasters
can last 5 to 10 years, magnifying the impacts of a shock on total GDP and
consumption. If disaster impact analyses do not consider these constraints, they
will underestimate the effect on macroeconomic aggregates.

Similarly, the impact of disasters on GDP is magnified if the shock occurs during a
phase of rapid growth, when all production capacities are already used. Disasters
that happen during a recession, however, tend to have a smaller impact on GDP,
because it is easier to mobilize resources that were idle before the shock to fund
the reconstruction process (Hallegatte and Ghil 2008). For example, Hurricane
Andrew’s impact on Florida in 1992 was damped by the low level of activity at the
time of the shock: half the workers in the construction industry were out of the work
and could be mobilized for the reconstruction effort, creating jobs and income with
little crowding out effect (West and Lenze 1994).

FIGURE 17 =>>
Wages for qualified roofers in Miami, US, rose significantly after the 2004 hurricane season
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TAKING ACTION >>
Toolbox H

Measuring the
macroeconomic
impact of disasters
and implications

for public finances

/TN
L)
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This toolbox explores some
of the tools governments can
use to estimate the possible
impact of a disaster, based on
the direct damages it causes.
These include: empirical
estimates, based on past
disasters; a simple modeling
approach linking direct
damages to GDP impacts;
and multisector models
representing the full impact
and linkages across sectors.

Empirical estimates

A first option is relying on
past disasters and using
econometric techniques. For
example, a Central American
study found that a one
standard deviation increase in
a hurricane’s intensity leads to
a 0.9-1.6 percent decrease in
total per capita GDP growth
and a 3 percent decrease in
total income (Ishizawa and
Miranda 2016). Governments
can use such estimates to
anticipate the possible impact
of future disasters, including
their nonlinearity. A global
study found that disasters in
the top decile of magnitude
result on average in an almost

3 percent reduction in GDP
per capita; but this goes down
to 0.8 percent for those in the
top 20 percent (figure H.1)
(Felbermayr and Gréschl 2014).

The long-term impacts of
natural disasters on growth
remain controversial. Some
studies have suggested

that natural disasters have a
positive influence on long-
term economic growth (Albala
Bertrand 1993; Skidmore and
Toya 2002), while a meta-
analysis of more than 750
estimates found that the
impact is short-term, and long-
term per capita GDP returns to
its original growth path (Klomp
and Valckx 2014).

However, other studies have
found that the negative
impacts of natural disasters
can exceed 10 percent of GDP.
For example, von Peter et al.
(2012) found that a typical
natural disaster causes a 0.6-
1.0 percent drop in long-term
economic growth and results in
a permanent output loss of two
to three times this magnitude,
with higher estimates for

FIGURE H.1 >>

Growth effects of natural disasters as a function of disaster intensity

Disaster index, weighted percentiles
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Source: Felbermayr and Gréschl 2014.
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larger natural disasters.
Hsiang and Jina (2014) found
that a 90th percentile event
reduces per capitaincome

by more than 7 percent after
two decades, “effectively
undoing 3.7 years of average
development”. Comparing

the situation of Kauai island
after Hurricane Iniki with

the situation of unaffected
Hawaiian islands, (Coffman
and Noy 2012) found that, 18
years after the event, Kauai's
population was 12 percent
smaller than it would have
been without the hurricane,
and its aggregate per capita
income and employment were
proportionally lower. Cavallo et
al. (2013) found that, while the
largest disasters—those in the
99th percentile—have some
long-term impacts on growth,
this disappears entirely when
controlling for political change.
In other words, the long-term
impact only happens when the
disaster is followed by political
instability. This suggests

that the secondary impacts

of natural disasters through
political instability and conflicts
could play a major role in
determining their long-term
effects.

Limits in measuring the
impact of natural disasters
on GDP: One important note
of caution on using empirical
studies based on historical
GDP timeseries is that they
are likely to underestimate
the impact of disasters on
economic output. Statistical
agencies measure GDP based
on many data sources, but
they mostly rely on actual
economic transactions—such
as the sales of goods and
services. To calculate real
GDP, however, they have to
also include economic outputs
that cannot be measured
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through transactions—such as
the value of public education,
public road use, and housing
services provided by owner-
occupied dwellings.

Most developing countries
use household surveys to
estimate the economic value
of the services provided by
owner-occupied dwellings,
even if there is no transaction
associated with them. But
these surveys are undertaken
unregularly. When a hurricane
damages a large share of the
housing stock, the quantity of
housing services drops, but
there is no updated household
survey to measure this impact.
In parallel, the value of housing
services may increase—
reflecting scarcity—but this
effect is not always measured,
or can blocked by regulation
onrents or other factors.

Caribbean Central Bank data
estimate that services from
owner-occupied dwellings

in Dominica dropped by

21 percentin 2017. Even
accounting for possible
changes in prices, it is unclear
whether this is a good
measure for the impacts

of hurricane Maria: of the
31,348 homes comprising
the Dominican housing stock,
approximately 4,700 (15
percent) were identified as
destroyed, some 23,500 (75
percent) were estimated to
have incurred partial damage,
and 3,135 (10 percent) were
considered unaffected by the
event. Similarly, road transport
outputs were estimated to
have remained stable (rising
from EC$78 to EC$79 million),
in spite of EC$380 million

in damage to roads and
bridges (Government of the
Commonwealth of Dominica
2017).

Modeling the impacts
of adisaster on GDP
Looking beyond past events,
governments need to rely on
modeling. Itis not possible
to estimate the impact of

a natural disaster on GDP

or economic growth by
simply reducing the stock

of capital in an unchanged
growth, dynamic stochastic
general equilibrium (DSGE),
or macrostructural model.
These models have been
developed to explore shocks
that are different from
natural disasters and will
underestimate GDP losses,
unless they are specifically
adapted for this task.

Channels of impact and rule-
of-thumb estimates: Most
models assume that capital is
one homogeneous commaodity
that can be instantaneously
reallocated toward its most
productive use, hence the
decreasing returns with the
last unit of capital being the
least productive.?” But in
reality, the remaining stock
of capital after a disaster

is not optimally allocated.

For example, the roads that
remain usable are not the
most important roads with
the most traffic, the buildings
that are still habitable are not
the ones hosting the most
important businesses, and so
on. Itis possible to reallocate a
large share of capital over the
medium term—for example,
with the most productive
firms moving to the habitable
buildings. But it is almost
impossible to reallocate most
of the capital in the short
term. The resultis adropin
capital productivity, on top of
the decrease in capital stock.
Empirical studies confirm
that disasters reduce both
the stock of capital and total



factor productivity (TFP)
(Bakkensen and Barrage 2018;
Dieppe et al. forthcoming).

To capture these effects,
Hallegatte and Vogt-Schilb
(2019) propose a modeling
approach in which output
losses are estimated as the
product of capital losses by
the average (not the marginal)
productivity of capital. This is
the expected loss if disaster
impacts are purely random
and there is no reallocation

of capital after the disaster
(an assumption that is valid
over the short term, at least).
It is equivalent to a situation
in which the disaster reduces
the stock of productive capital
by the cost of damages and
leads to capital misallocation,
which reduces TFP, with an
impact on output that is twice
as large as the impact from the
capital stock decrease. In an
intermediate case, with some
reallocation of capital after
the disaster—for example,
where production equipment
is moved to non-affected
facilities—the impact on TFP
would be lower.

This approach leads to the
following rules of thumb for
making a quick assessment of
potential GDP impacts. With
discounting at arate p, p the
average productivity of capital
in the country, T the expected
reconstruction time, and AK
the monetary value of asset
losses, the net present value
(NPV) of output losses can be
estimated as:

—  pAK
ay- £
p+ T

And the NPV of consumption
losses is equal to:

1
~— +1/
AC=AK” il

p+ T

The average productivity of
capital py can be estimated

as the ratio of GDP and the
value of the capital stock (as
measured, for example, in the
Penn Table using a permanent
inventory method). With
standard model calibration,
the average productivity

of capital is approximately
three times the marginal
productivity of capital.

Duration of recovery and
reconstruction: The duration
of reconstruction (the variable
T) plays a key role in these
estimates. Consider first a
case where all losses are
repaired instantaneously by
reducing consumption and
directing all unconsumed
goods and services to
reconstruction investments.
This is a scenario where
reconstruction capacity is
infinite, and T is equal to

zero. In this case, there is no
output loss because all asset
damages are instantaneously
repaired. There are, however,
consumption losses, since
consumption has to be
reduced to rebuild, and this
reduction is equal to the
reconstruction value—that

is, the replacement cost of
damaged capital. In that case,
the NPV of consumption
losses ( AC ) is simply equal to
the reconstruction cost. With
unchanged prices, this is equal
to the pre-disaster value of
damaged assets AK.

Consider now another case
with no reconstruction, in
which output losses are
permanent and all output
losses are absorbed by
reduced consumption, but
no share of income is used
for reconstruction. In that
case, consumption losses
are equal to output losses

(with no reconstruction),
and T is equal to infinity. The
loss in consumption at T is
equal to pAK, and the NPV
(discounted at the rate p)

of consumption losses is
(u/p)AK. Consumption and
well-being losses are thus
larger (by a factor around 3)
than the value of lost assets in
a no-reconstruction case.

Multisector modeling

of GDP impacts

There are also more
sophisticated approaches that
better capture the interplay
between sectors or regions
(for a recent review, see
Okuyama and Rose 2019).
Some models are based

on the input-output (10)
linear assumption, in which
producing one unit in one
sector requires a fixed amount
of inputs from other sectors,
and prices do not play any role
(see, for example, Brookshire
et al. 1997; Haimes and Jiang
2001; Okuyama and Rose
2019). Even though the 10
model is originally demand-
driven (see, for example,
Oosterhaven 1988; Cochrane
2004), it is commonly used
to model disasters that are
largely supply-side shocks.
Extensions of 10 models have
been used to include supply
constraints and production
dynamics within I0-model
disaster assessments (for
example, Okuyama and

Rose 2019; Hallegatte 2008;
Hallegatte 2013). The 10
approach is based on the idea
that the production system

is fixed in the short term, and
local production capacity

is constrained by existing
capacities, equipment, and
infrastructure.

Other models are based on
the CGE framework, which

PRIORITY AREA FOUR 121



TAKING ACTION >> Toolbox H

assumes that changes in
relative prices balance supply
and demand (Rose and Liao
2005; Rose et al. 2007). In
this framework, there is no
rationing in the economic
system and markets remain
at equilibrium. In CGE models
based on the Cobb-Douglas
or constant elasticity of
substitution function,
production technology is not
fixed and there is short-

term input substitution. In
other words, when one input
is scarce, production can
continue, using less of this
input and more of others.

Economic losses caused

by a disaster are smaller in

a CGE than an 10 setting.

In reality, it is likely that 1O
models are pessimistic in
their assessment of disaster
output losses, because the
economy is flexible even

over the short term—for
example, maintenance can
be postponed, workers can
do more hours to cope with
the shock or production can
be rescheduled (Rose et al.
2007). Itis also likely that CGE
models are optimistic, even in
the long run, because prices
have stickiness and cannot
adjust perfectly,?® because
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substitution has technical
limits that are not always
adequately represented in
production functions, and
because their aggregation at
sector level makes it difficult
to capture the impact of supply
chain effects (Hallegatte 2013).

These models remain limited
and cannot capture all relevant
mechanisms. In particular, they
lack an explicit representation
of network-shaped industries,
such as electricity, water and
transport. Hallegatte et al.
(2019) provide estimates and
methodologies to assess the
consequences of disruptions
in networked infrastructure,
including electricity, water and
sanitation, and transportation,
and find that the indirect
losses linked to infrastructure
disruptions can be significant.

The models described

here also underestimate
economic impacts due to
their aggregation level,
representing economic
sectors—that is, thousands of
businesses located in different
places—as unique producers.
Such a framework assumes
that all businesses from one
sector suffer the same direct
impacts from disasters; in

other words, that impacts are
homogeneously distributed
among the businesses from
each sector. Considering the
multiplicity of producing units,
their locations and explicit
supply chains would allow

for a much more realistic
representation of natural
disaster consequences.
Modeling exercises suggest
this approach would lead to
higher estimates of disaster
output losses, not least
because they would take into
accountindirect impactsin
locations that are not directly
hit by the disaster (Henriet
etal. 2012; Colon et al. 2019;
Inoue and Todo 2019).

Firm-level studies also

suggest that the vulnerability
of firms can vary significantly
depending on their position in
the supply chain (Barrot and
Sauvagnat 2016; Colon et al.
2019; Kashiwagi et al. 2018).
Overall, modeling supply chains
and their role in propagating
shocks can be complex and
dataintensive. However, even if
simplifying assumptions need
to be made, acknowledging
and quantifying their roles can
be crucial to understanding the
true economic cost of climatic
shocks.



ACTION 4.2 >>
Develop a financial strategy to

manage contingent liabilities,
combining multiple instruments

© LEAD MINISTRY: Finance

When a disaster or another environmental shock
hits, there are immediate financial needs related to
emergency response and humanitarian support for
affected populations (Priority Area 3) and longer-
term recovery and reconstruction costs, which can
have a strong impact on public finance. In parallel,

TAKING ACTION ==

Sample targets
and indicators

tax revenues often drop during the crisis and recovery
phase. As a result, governments and local authorities

often struggle to finance postdisaster response and » Percentage of

explicit and implicit

reconstruction, while liquidity constraints can also contingent liabilities
. . covered by reserve
affect their short-term response. Noy and Nualsri funds, contingent

credit lines, insurance
products or similar
cyclical fiscal policy as a result of natural disasters, instrument

(2011) found that developing countries conduct pro-

Disaster escape

.. . clause in budget
economic impacts of disasters. processes approved

thereby decreasing debt but increasing the negative ’

» Process for managing
inflow of international

The resource mobilization challenge in a postdisaster o :
aid in place in case

situation therefore requires specific financial of major disasters,
. . . including usin

solutions, which need to be arranged in advance to be exisﬁnggﬁnangm

readily available when a disaster hits (figure 18). These instruments to

coordinate delivery

financial solutions must obey four core principles: )
» Post-Disaster

Public Financial
Management

» Timeliness of funding: Some funds are necessary and Engagement

right away, but not all resources are needed at Framework (PD-PFM
Review) conducted
once and approved

» PD-PFM principles
and processes

» Appropriate delivery mechanism: How funds are approved

disbursed and how they reach beneficiaries is as
important as where the money comes from

v

Disaster risklayering: No single financial instrument can address all risks

» Based on data and analytics: As described in toolboxes G and H, it is
important to quantify risk to build a sound risk financing strategy.

Disaster risk financing and insurance bring together disaster risk management, fiscal
risk and budget management, public finance, private sector development, and social
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protection. While the private sector is an important partner to provide analytics and
financing solutions, strong stewardship by the ministry of finance in coordination
with other public agencies is crucial to successfully advance this agenda.

The World Bank Group’s operational framework for risk financing (figure 18)
starts with thorough risk assessments like those described in toolboxes G and H
to quantify a government’s contingent liabilities. Based on these assessments,
governments can build a financial strategy by following the risk layering approach.
The urgency and chaos of a postdisaster situation also create specific challenges
on the expenditure side, which need to be considered through a disaster-sensitive
PFM system.

Revenue and resource mobilization solutions

Most countries have budget contingencies of 2—5 percent of government
expenditure to contend with all shocks, not only natural hazards. However, this
is often not enough for responding to natural hazards and many governments—
especially small island states—cannot afford the reserves they need to respond
to major events (IMF and World Bank 2018). Vietnam, for example, has been hit
several times by cyclones in November, when the year’s contingency budget had
already been fully exhausted (Mahul and Ghesquiere 2010).

Various instruments are available to cover the contingent liabilities created by
natural hazards and other environmental risks (Mahul and Ghesquiere 2010; Clarke
and Poulter 2014; Clarke and Dercon 2016). They include:

» Fiscal space, diversified and resilient tax collection, and reserve
funds: Regardless of their origin, the most robust way to manage
unexpected shocks is maintaining fiscal space in normal conditions,
with manageable structural deficit and debt levels. It is also preferable
for the tax collection system to be reasonably diversified and resilient.
For example, a government funded primarily by export duty on a
small set of agricultural commodities is exposed in case of drought.

A strong macrofiscal situation makes it easier to manage surprises
and access external financing in case of liquidity constraint.
However, in countries with automatic fiscal adjustment
systems—for example, where deficits cannot exceed a certain
threshold—governments can add specific escape clauses in case
of disaster, allowing them to respond quickly to emergency needs.

It is also useful to have reserve funds in case of shocks, to enable
an immediate response to an event. In the Philippines, the National
Disaster Risk Reduction and Management Fund finances a range of
disaster-related expenditures but cannot disburse rapidly in response to
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FIGURE 18 =>>
Operational Disaster Risk Financing and Insurance Framework: core technical steps

Risk assessments for financial protection
quantify potential diaster impacts based on
historical and simulated data. This often
requires investments in the necessary
underlying hazard, exposure, and vulnerability
data. It also includes building an effective
interface between the policy maker and
underlying technical models.
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Resources should reach beneficiaries in a timely,
transparent, and accountable fashion. This
requires effective administrative and legal
systems for the appropriation and execution of
funds for the government budget, insurance
distribution and settlement (often through private
channels), as well as social protection programs.

Source: World Bank Group 2014.
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a crisis. So, the government created the Quick Response Fund to focus
on emergency response. However, Typhoon Yolanda raised questions
about the adequacy of the Quick Response Fund volume and the process
for replenishing it if it is emptied by a major event or a series of smaller
disasters. The country has since developed additional instruments to
protect its public finances. Mexico created FONDEN as a budgetary tool
to rapidly allocate federal funds for rehabilitating public infrastructure
affected by disasters. Evidence shows that FONDEN has significant
benefits, increasing local GDP postdisaster by 2—4 percent, with a
benefit-cost ratio estimated conservatively between 1.52 and 2.89 (de
Janvry et al. 2016). However, its reserve funds have limited capacities and
are not designed to cope with rarer, more extreme events.

» Contingent credit lines: In 2007, the World Bank introduced Catastrophe
Deferred Drawdown Options (Cat-DDOs), anew financing instrument that
gives countries that are eligible to borrow from the International Bank
for Reconstruction and Development (IBRD) access to budget support
in the immediate aftermath of a disaster. Compared to private sector
alternatives, this instrument is financially attractive for middle-income
countries, even in the absence of subsidy, because it builds on the size of
the IBRD balance sheet and available liquidity. The same instrument is
now also available to low-income countries, with a subsidy component,
through the World Bank Group’s International Development Association.
In both cases, the instrument allows low-cost contingency loans to
be rapidly disbursed if a state of emergency is declared; so, it can help
governments finance emergency interventions and the upscaling of social
protection. Other institutions, such as the Inter-American Development
Bank and the Japan International Cooperation Agency, have since
introduced similar instruments. Cat-DDOs have proven to be an effective
instrument for implementing disaster risk management strategies and
supporting postdisaster responses.

» Insurance and catastrophe bonds: Mexico’s FONDEN contingency fund
leverages private sector financing as part of a strategy that combines
risk retention and risk transfers. In 2006, FONDEN issued a $160 million
catastrophe bond to transfer Mexico’s earthquake risk to the international
capital markets. This was the first parametric catastrophe bond issued
by a national government. Even though they are costly, these financial
schemes can disburse funds rapidly; more rapidly than would be possible
with public budgets. And by predefining payout rules for allocating
postdisaster support, formal insurance and financial products can reduce
political economy biases (Clarke et al. 2016b).
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» Regional risk-sharing facilities: The Caribbean Catastrophic Risk
Insurance Facility pools disaster risk across 16 countries. The world’s
first regional catastrophe insurance facility, it uses parametric insurance
to give participating governments quick, short-term liquidity to
finance responses and early recovery in the case of major earthquakes
or hurricanes. The Pacific Catastrophe Risk Assessment and Financing
Initiative (PCRAFI), African Risk Capacity, and South Asia Disaster
Risk Insurance Facility (SEADRIF) are more recent examples of donor-
supported regional mechanisms that offer quick-disbursing, index-
based coverage against tropical cyclones and earthquakes. In response to
Cyclone Pam in March 2015, PCRAFI rapidly gave Vanuatu $1.9 million to
support immediate postdisaster needs. Although this payout was small
compared with total losses and reconstruction needs—estimated at
$184 million—it was eight times bigger than the government’s annual
emergency relief fund and seven times bigger than the annual insurance
premium, which is largely subsidized by international donors.

N
¥

State contingent debt instruments: Some countries include disaster
clauses in their sovereign bond contracts, to enable changes in debt service
payments in the event of an exogenous natural disaster. In Grenada, for
example, the hurricane clause is designed to provide cash flow relief at a
critical moment after a natural disaster event, enabling the government
to redirect funds intended for debt service to more immediate needs. The
clause provides for deferred payments for up to two payment periods,
and there is no nominal principal or interest rate reduction. The deferred
interest payment is capitalized, and the deferred principal payment is
distributed equally on top of the scheduled payments until final maturity.
Key features of a hurricane clause include a verifiable trigger event
measured by an independent entity and a maximum number of triggers.
Grenada uses parametric measures for events and the maximum number
of triggers is three (Asonuma et al. 2017).

» International aid: When a country exceeds its capacity to cope with a
disaster, international aid and humanitarian emergency measures can be
critical. On average, emergency foreign aid covers only a small percentage
of total economic losses stemming from a disaster (Becerra et al. 2013). As
well as being slow, it also remains highly unpredictable, making it difficult
to include in contingency and reconstruction plans. Nevertheless, it is
useful for countries to prepare clear systems for screening and processing
international aid offers before disasters occur, so they can quickly
channel any offered resources to those in need (for an example of this in
the Philippines, see Hallegatte et al. 2016b, chapter 5).
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However, none of these instruments can meet all the needs on their own, so a
combination of tools is preferable (figure 19). Their value can be assessed in
various dimensions (GFDRR and World Bank 2014), including:

» Financial costs and benefits: Different instruments have different
costs for providing the same post-disaster $1. These often depend on
the amounts at stake—for example, transaction costs can make small
portfolios expensive—but extremely large contracts are also expensive
because the risk taker needs large (and liquid) financial reserves.

» Volume: Some instruments, such as reserve funds, are efficient when
the amounts covered remain relatively small, but there are limits to the
size of these funds and opportunity costs can grow quickly, especially in
countries with limited resources and large investment needs.

» Timeliness: The speed with which an instrument can deliver postdisaster
finance depends on the process and the size of the product. Government
reserve funds are the quickest, since the money is readily available, and
the use of soft triggers means that contingency funds can be disbursed in
a matter of days. Indemnity-based insurance (when the pay-off depends
on losses) is the slowest, as it requires lengthy damage assessments.

» Discipline: Some instruments, like insurance, require strict contracts that
provide discipline in terms of when and how resources are available and
can be used. Others, like reserve funds, are more difficult to protect from
opportunistic behaviors.

The trade-offs in these different dimensions mean that a package of tools is more
efficient than a single instrument. Expensive instruments, such as reinsurance, can
be a useful component of this package, allowing governments to meet immediate
needs after a major event, or providing discipline in the use of the large financial
resources needed after a big shock. Some tools are better for covering the (relatively
small) short-term liquidity needs for managing a crisis; others are better for larger,
longer-term reconstruction needs. Some are better for frequent, low-intensity
events, while others are better for managing massive shocks. Figure 19 provides
a schematic view of the adequacy of these instruments for hazards of different
magnitudes and probability and for different time horizons.

Clarke et al. (2016a) provide a framework and methodology for designing a multi-
instrument strategy. The optimal choice will vary by country. Figure 20 illustrates
how different financial instruments can be combined for financing the shock-
responsive scalability component of Ethiopia’s Productive Safety Net Programme
(Clarke et al. 2016a). More specifically, it shows the average cost of different
combinations of instruments as well as the cost for 1-in-5 and 1-in-30-year events.
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FIGURE 19 >>

Financing instruments to cover contingent liabilities from natural disasters

Low . .
frequency | Sovereignrisk transfer
High | *Insurance (including risk pools) ;
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Source: World Bank 2017.
Note: IDB = Inter-American Development Bank; JICA = Japan International Development Cooperation Agency; IDA = International Development Association.

FIGURE 20 >>

Comparing risk financing scale-up strategies in Ethiopia at different probabilities of occurrence
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Source: Clarke et al. 2016a.
Note: “Humanitarian response” represents costs not covered by government tools that need to be covered by humanitarian actors or foreign aid.
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Expenditure-side challenges and solutions

The value of mobilizing financial resources depends on the ability to spend them
quickly and efficiently. Adaptive social protection is useful here because it ensures
that all the systems and decision-making rules and procedures are in place before a
disaster hits. For other emergency spending and reconstruction finance, timeliness
requires an adapted PFM system and good contingency plans—for example, with
pre-approved contracts to accelerate the procurement of urgent tasks such as
debris removal.

Public spending in postdisaster situations faces specific challenges, due to the
urgency of needs and the direct effects of disasters on normal government
functioning. April and Sutherland (2019) provide an overview of the core principles
of the PD-PFM Review.

The PD-PFM Review is an analytical instrument that seeks to help countries
build resilient, responsive PFM systems. It does this by pinpointing critical PFM
policies, practices, and procedures

that governments can strengthen to

improve their capability to respond FIGURE 21 >>

more efficiently and effectively to Core module of the Post-Disaster
natural disasters and other catastrophic Public Finance Management Review
events, without losing integrity and
accountability. The PD-PFM Review Public
focuses on four key elements of the financial
PFM system: legal and institutional
foundations, budget appropriation, 'P\. e a
financial management control, and

public procurement (figure  21). A Financial

management

Budget management Public
short summary of a PFM assessment appropriation control procurement
of Saint Lucia highlights the main e
barriers to a quick disaster response institutional foundations
and opportunities to improve existing Source: April and Sutherland 2019

systems (World Bank 2018).

One of the values of contingency plans

and instruments—including those on the spending side, such as adaptive social
protection—is that they allow for careful design before a crisis. This ensures that all
due processes can be followed and rapid execution during an emergency (Hallegatte
and Rentschler 2018). In the absence of advance preparation, governments—and
ministries of finance in particular—face difficult trade-offs between respecting
due process and providing swift support provided to the population. This often
results in a delay in support provision (see case studies in Hallegatte et al. 2015),
which can be very costly for the affected population (Clarke and Dercon 2016).
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ACTION 4.3 >>

Anticipate and plan for long-term
macroeconomic impacts

© LEAD MINISTRY: Finance

Action 4.2 focused on the most efficient and cost-
effectiveresponse toasingle disaster as anindependent TAKING ACTION >>
event. But climate change will increase the frequency Sample targets

of such events, affecting the cost and benefits of these and dndicators

financial tools and their impact on public finance and
debt. Climate change will also provoke other long-
term changes in tax revenues and spending needs,
with additional implications for economic growth and

=\
up \

public finances. It is important for governments to » Sector-level
. . adaptation
understand these risks and construct an appropriate plans collected,
response strategy. However, it is also essential to harmonized, and
costed, and an
keep in mind that current tools and knowledge do estimate of public

adaptation spending

not allow for precise and reliable estimates of future B Yoy

macroeconomic impacts. Different approaches lead to » Long-term plan to

radically different results and all methodologies ignore diversify tax revenues
. . . away from vulnerable
many possible climate change impacts. sectors approved

» Climate and disaster
impacts included in

Macrofiscal risk assessment can be a standalone ¢ sy

analysis (such as with the World Bank—IMF Climate ?Ssessr?ent tOr
Inancial sector
Change Policy Assessments) or embedded into other assessment program

Share of tax revenues
originating from high-
vulnerability sectors

long-term, macro-level assessments. At least two S
such assessments—both joint World Bank-IMF
initiatives—have already started to include climate
considerations, such as disaster and climate risks:

» Debt Sustainability Analysis,”® which can include macrofiscal risks of
climate change impacts, and mitigation and adaptation plans

» Financial Sector Assessment Program,*® which can include climate and
disaster risks in the financial sector assessment, especially in stress
testing exercises.

Whichever approach governments choose to use, looking at these long-term
effects will mean exploring long-term growth impacts and their consequences on

public finances.

Explore the possible impact on long-term GDP growth
Building on sector-level assessment and analyses of physical risks, modeling
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exercises can aggregate the possible impacts of climate change to estimate total
impacts on macroeconomic variables, such as GDP, debt level, or trade balance,
allowing governments to consider and plan for these longer-term effects (toolbox I).

The use of macroeconomic models, which are necessarily simpler in their
representation of sectoral impacts, should be reserved for informing
macroeconomic decisions, such as long-term debt sustainability. Considering
the complexity of the issue and the many channels through which climate change
can affect macroeconomic variables, results will always be highly uncertain. Many
factors that can affect macroeconomic variables are difficult to model, and there is
often little consensus on how best to do it (Bolton et al. 2020; Stern 2013; Pindyck
2013). Results should therefore be treated with a lot of caution and never be used
as forecasts.

When it is possible to work at sector level and with simpler models—for example,
to design a government-wide financial protection strategy—it is preferable to
use the simpler models, even if they do not include all possible feedbacks. For
macroeconomic issues that require aggregation at macroeconomic level, it is
recommended to use multiple scenarios, to cover uncertainty in climate change
impacts as much as possible.

It is also important to consider that GDP impacts do not fully capture the severity
of climate change impacts and cannot be used directly in a cost-benefit analysis
of climate policies (IPCC 2014; Dennig et al. 2015; Hallegatte and Rozenberg 2017;
Hallegatte at al. 2016a). There are several issues around using usual economic
aggregates—and GDP in particular—as the unique metric for climate change
damages:

» GDP does not measure consumption or societal well-being. Disasters—
hurricanes in particular—can increase GDP growth and reduce well-
being, if increased risk leads to more precautionary savings (Bakkensen
and Barrage 2018). Increasing investment in and consumption of
defensive expenditure—for example, by building dikes and using air
conditioning—may increase GDP without increasing societal well-being.

» Long-term averages are not a good measure of the impact of repeated
shocks. In the US, a small decrease in productivity across all regions and
sectors or one Katrina-like disaster per year can lead to the same 1 percent
loss of GDP. But the latter has a bigger impact on well-being, as losses are
concentrated on a small population.

» National or regional aggregates can miss impact on the poorest. A

major impact on poor people is compatible with small impacts on GDP
(Hallegatte et al. 2015, 2016b; Hallegatte and Rozenberg 2017) because in
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most countries, poor people represent a tiny share of income and wealth.
If climate change impacts are concentrated on the poor, then GDP may
not be an appropriate measure, and other metrics may be preferable (see
also toolbox K).

Evaluate impacts on tax revenues, spending needs,

and public debt sustainability

Tax revenues: By impacting economic growth in some sectors, climate change
will impact tax revenues. These risks are particularly large if the tax base is very
narrow—if, for example, it is concentrated on a few commodity exports.

Governments can simplistically estimate the impact of changes in GDP, trade,
and employment on tax revenues by assuming a linear relationship between value
added and tax revenues. Or they can use a more realistic representation of the tax
system, applying different rates onto different income sources and sectors. For
local communities, tax revenues are partly linked to land values, either because a
tax is raised when there is a transaction or because property taxes are indexed on
home values. Estimating the impact of climate change on these taxes would require
a detailed spatial analysis of expected local-level climate change impacts.

Based on expected impact on tax revenues, a government may want to explore
options to diversify the tax base. For example, introducing value-added, income or
capital gain taxes can make tax collection less sensitive to the impacts of disaster
and climate change on one major sector. Since adjusting the tax system takes time
and is always sensitive, it is preferable for governments to explore and act on these
issues before their revenues start to decline due to climate change impacts.

Additional expenditure and adaptation needs: Climate and disaster impacts
affect public expenditure in two ways. When sudden shocks—for example, a major
natural disaster—destroy capital and production, governments need to spend
significant amounts on supporting the population and funding reconstruction.
They also need to make additional public investments to adapt infrastructure and
other public assets and help private actors adapt.

It is difficult to estimate the amount needed to adapt to climate change (often
referred to “adaptation needs”). This is partly down to definitional issues, as there
is no easy way to separate development needs—such as providing universal access
to improved water and sanitation—from adaptation needs.

Some studies have focused on the incremental costs that result from climate
change, accounting for the fact that natural disasters and climate change make
some investments more expensive. Hallegatte et al. (2019) estimate that low- and
middle-income countries will need to invest $11—65 billion a year to increase the
resilience of their infrastructure systems (water and sanitation, power, transport).
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At least two-thirds of these costs are for infrastructure assets that are typically
funded by the public sector. This represents only 3 percent of total infrastructure
investment needs in these countries.

Other estimates lump development and adaptation needs together. Fiji, for
example, will need up to F$9.3 billion (almost 100 percent of GDP) in investments
over the next 10 years to strengthen its resilience to climate change and natural
hazards for decades to come (table 4), but many of these investments would have
been required even in the absence of climate change.

TABLE 4 >>

Summary of investment needs and recurrent costs for Fiji’s full adaptation plan

Sector Planned |

Housing/land use 63

Hazard management

Transport

Energy

Water ‘ ‘ 132 175-440

Agriculture

Fisheries

Social protection

Grand Total 226-491

Source: Government of Fiji and World Bank 2017.

Many countries have included adaptation actions in their nationally determined
contribution (NDC) to the Paris Agreement (Hallegatte et al. 2018). Fifty countries
(totaling 2.4 billion people) have provided an estimate of the cost of the adaptation
component of their NDC, with a time horizon going from today to 2050, depending
on the country. However, NDC adaptation components are generally poor and, as
such, do not form a rigorous basis for estimating national adaptation needs and
priorities. Total adaptation costs in the 50 available NDCs add up to $39 billion a
year, with annual per capita costs ranging from $0.29 (Burundi) to $594 (Namibia).
This huge difference across countries arises from the NDC design process rather
than any difference in vulnerability or adaptation needs. The average per capita
cost is $16 a year. Assuming that these estimates are consistent with actual
needs—a strong assumption, considering how simple and partial most NDCs are,
especially in their adaptation component—the global adaptation need would be
approximately $115 billion a year.
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And while solid estimates have been produced for some sectors (such as coastal
protection), there is great uncertainty in others (such as agriculture) (Chambwera
et al. 2014). Global estimates are based on methodologies that can provide orders
of magnitude but are too simple to provide a solid basis for a country-driven
policy response.

Long-term considerations and impact on debt: Reduced revenues and increased
expenditure are likely to lead to higher debt levels. There is empirical evidence that
debt increases after natural disasters (Lis and Nickel 2010; Melecky and Raddatz
2011). Gerling (2017) also found that the impact of disasters on deficit and debt is
driven more by governments’ response in terms of spending and tax rates, than by
the impact of the disaster. High debt leads to higher interest rates and lower credit
scores. This results in higher budget deficits and causes debt to increase further,
creating a vicious cycle that threatens debt sustainability (Borensztein et al. 2009;
Koetsier 2017). High debt also discourages private investment and constrains
fiscal flexibility. More specifically, looking at debt default, Klomp and De Haan
(2015) showed that investors see natural disasters as an adverse shock that makes
government debt less sustainable and may eventually trigger a sovereign default.
And Klomp (2017) shows that the probability of a sovereign debt default increases
by about three percentage points after major earthquakes and storms.

Trade balance: When countries depend on climate-sensitive sectors for exports,
climate shocks can have negative impacts on their trade balance. In Argentina,
the 2017 drought damaged exports, as production in the oilseeds sector—which
represents around one-third of Argentina’s total exports—fell by 13 percent
the following year. The total value of primary exports decreased by 5.4 percent,
as the 11.2 percent fall in quantities was partially compensated by an increase in
prices (Argentina has such a large market share in the soybean market that it can
influence global prices). Sudden shocks in the trade balance can force countries to
increase their capital imports, which can damage interest rates and credit scores.

Planners can use different tools to anticipate the implications of the macroeconomic
impacts of climate change on deficits and debt levels. This includes simple growth
models—as used by the IMF to investigate long-term impacts on GDP and public debt
in various climate change scenarios (figure 22)—or the World Bank’s Macro-Fiscal
Model. This macrostructural model is widely used by central banks and ministries of
finance to explore long-term scenarios including climate change impacts and help
include climate considerations into long-term debt sustainability assessments.

Based on these findings and acknowledging the uncertainty around GDP and
debt projections, governments can start identifying long-term strategies to
minimize risks. Such strategies can range from making changes in tax revenues
or government spending to ensure long-term sustainability or developing or
supporting sectoral targeted action plans to reduce the sources of these risks.
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This includes the policies described in Priority Areas 1-3, such as changes in
agricultural production, land use and building regulations.

FIGURE 22 >>

Impact of climate change on GDP and public debt in two emission scenarios

Intermediate scenario Unmitigated climate change
(RCP 4.5) scenario (RCP 8.5)
—— Midpoint === 95% confidence interval

GDP (% deviation from trend)

62 N T 6
4- - - 4
27 N T2
0- ———wss==cC - -0
-2 - e
-4- . - - RN - -4
-6- \\s\:_ - - -6
—1: - z - \\ z - 1:)3
- : - N I
- - - \\ -
_12 I- 1 1 1 -I I- 1 1 1 \\ _ i:
2017 2040 2060 2080 2100 2017 2040 2060 2080 2100
Public debt (% of GDP)
56— - - -56

42- - - - 42
40I- 1 1 1 -I I- 1 1 1 -|40
2017 2040 2060 2080 2100 2017 2040 2060 2080 2100

Source: IMF 2017.
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TAKING ACTION >>
Toolbox I

Identifying the
impacts of climate
change on GDP

M ()

U

Although many assessments
look at sectoral impacts of and
adaptation options for climate
change, few are economy-
wide. This is directly due to
the challenges of modeling all
sectors and then aggregating
results into an economy-wide
model without losing the
complexity of the sector-level
results. The literature proposes
two main approaches.

Integrated

assessment models
Following up on initial work
(Nordhaus 1994; Tol 2002), a
few integrated assessment
models estimate the impact of
climate change on economic
growth, GDP, and other
economic variables. For
example, Dellink et al. 2019,
use models based on simple
damage functions, calibrated
on sectoral studies to provide
estimates in large regions to
2060 (figure I.1).

While these models provide

identify the channels through
which climate change can
affect GDP growth—for
example, by comparing
impacts through agriculture
and impacts through labor
productivity—they also have
limitations (as also shown in
toolbox Bwithafocuson
poverty).

First, integrated assessment
models do not represent all
important mechanisms. They
are missing many important
channels through which
climate change can affect
growth. For example, climate
change may affect access to
micronutrients, which would
have implications on children’s
physical and cognitive
development and future labor
productivity. There is also
evidence that disasters have
most impact on economic
growth when they create
political instability or conflicts
(Cavallo et al. 2013). However,
neither of these are included in

useful benchmarks and can

any current model.

FIGURE I.1 >>
Projected impact of climate change on regional GDP, 2010-2060
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TAKING ACTION >> Toolbox I

Second, and most importantly,
their results depend on strong
assumptions about sector and
country adaptation capacity.
Indeed, a physical change—
say, arise in sea level—may or
may not lead to more floods,
depending on whether a city
regularly upgrades its flood
defenses. While it is possible
to model physical impacts
based on physical laws, the
ability of institutions, agencies,
firms, and households to

respond to changes in

environmental conditions is
more difficult to predict over
the long term. So economic
outcomes often depend more
on hypotheses of adaptation
capacity and performance
than on physical climate

change impacts.®’

effects on growth (Fankhauser
and Tol 2005; Bakkensen and
Barrage 2018). The cumulative
effect of individual disasters
can also lead to tipping points
in the economic system,
especially when disasters
wreak more damage than the
economy can efficiently cope
with (Hallegatte et al. 2007b).
As aresult, the way the models
endogenize economic growth
(for example, with exogenous
or endogenous technical
change) and represent
behaviors (for example, with
optimal investment responses
and perfect foresight or
myopic behaviors) is critical

in determining final results.
The macroeconomic modeling
debates are therefore also
relevant for assessing the
macroeconomic cost of

al. 2015; Hsiang et al. 2017,
Kahn et al. 2019). These
analyses use past changes in
temperature and precipitation
such as year-to-year changes
in average temperature or
more granular indices and their
measured impacts on GDP

or GDP growth to anticipate
future impacts of climate
change. Figure I.2shows
the effect a 1°C increase in
temperature has on GDP, using
such an approach.

The strengths and weaknesses
of this approach are different
from those of modeling
approaches. One advantage

is that, being based on
historical data, itincludes

all channels of interaction
between temperature and
precipitation changes and GDP.

Finally, several papers have
flagged that the response

in terms of savings and
investments can be as
important as direct climate
change impacts in determining

But it has other limitations
(Kolstad and Moore 2020).
Because it uses year-to-year
changes to extrapolate decadal
changes, it can overestimate or
underestimate impacts.

climate change.

Empirical studies

Other approaches are based
on empirical studies (see, for
example, IMF 2017; Burke et

FIGURE I.2 >>

Effect of a 1°C increase in temperature on real per capita output (percent)
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Source: IMF 2017.
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Overestimating happens
because adaptation options
like upgrading infrastructure
systems are available in the
long term, but not the short
term. The difference between
short- and long-term impacts
and the role of adaptation to
evolving climate conditions
has been a topic of intense
debate (Kolstad and Moore
2020). Deryugina and Hsiang
(2017) have shown conditions
under which the economic
impact of a marginal change
in short-term weather is
equal (at the first order) to
the impact of a marginal
change in long-term climate
(in which case, adaptation is

a second-order mechanism).
However, these conditions are
very restrictive: adaptation
options need to be defined
over a continuum (no discrete
options) and local economies
need to be optimally adapted
to their current climate, at
each point in time used for
calibration.

These assumptions appear
unrealistic in the context of
rapidly evolving climate, so
there may be a significant gap
between short- and long-term
impacts. In efforts to explore
the impacts of longer-term
changes in climate conditions,
other authors have applied
econometric techniques to
past changes in climate over
decades (15 years in the case
of Dell et al. 2012), finding
impacts that are relatively
similar to short-term impacts.

Underestimating happens
because some activities,
ecosystems or economic
sectors may be able to cope
with one bad year but will not
be able to adjust to permanent
change. Most studies also only
consider temperature and
precipitation, so this approach
does not capture correlated

or more complicated changes
such as shifts in extreme event
frequency and intensity. Nor
do they include other types of
impact, such as long-term sea
level rise. Finally, simultaneous
changes in multiple climate
variables may lead to impacts
that are different from the sum
of independent changes.

By definition, this approach
cannot include any impacts
that did not already occur in
the past, which means that

it does not consider some of
the most worrisome climate
change impacts. Work in
climate sciences to identify
climate analogues—or find a
climate today that is similar
to the climate expected
tomorrow in Location X—has
concluded that many of the
future climates simply do not
exist today. For example, even
if one can find a place that
has in 2020 the temperature
one will find in Barcelona

in 2100, it will not have the
same precipitation patterns
(Hallegatte et al. 2007a).
Also, empirical studies
cannot include the effect of
unprecedented temperature
levels, a possible collapse

in local biodiversity and
ecosystems, or reaching
physiological limits when
temperatures exceed certain
thresholds. Figure I.2
suggests that there will be
significant benefits in high
latitudes, but it is unclear
whether the analysis captures
the negative impacts—such as
wildfires and new forest pests
in Canada and Russia, the need
to retrofit infrastructure built
on melting permafrost and
extreme heat waves in cities—
that are also expected there.

Finally, the approach remains
sensitive to the specification,
which explains why different
analyses have led to different
results. Whether studies
assume that climate change
will affect GDP levels
(temporary shocks) or GDP
growth (permanent shocks
that will accumulate over time)
is particularly important. Burke
et al. (2015), for example,
assume that the effect of
climate change on GDP is
permanent and cumulative,
affecting growth rates and

not GDP levels, which largely
explains the large magnitude
of the impact they project for
the end of the century.

Overall, using empirical
analyses to assess climate
change impacts beyond the
next few decades, when
changes are no longer
expected to be marginal,
should be done with great
care.
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ACTION 4.4 >>

Communicate and mitigate disaster
and climate risk exposure of the
financial sector and pension systems

© LEAD MINISTRY: Finance

One role of the financial system is to help the economy
manage risks. But a history of financial crises has
shown that it can also magnify the impact of a shock,
if this shock exceeds the financial sector’s capacity
(World Bank 2013). Countries must therefore assess
their financial system’s ability to absorb climate
shocks, to ensure it can play the role of adaptation
facilitator and not create a crisis.

TAKING ACTION >>

Sample targets
and indicators

» Regulations of banks,
insurers, and large

Climate change and natural disasters can impact
the financial sector balance sheets through four
overlapping channels (Feyen et al. 2020).

investors include
specific disaster
and climate risk

requirements

» All banks, insurers,
and large investors
conduct stress
tests for climate
and disaster risks,
including at least two
climate scenarios

» Operational risk: This includes damages to
financial infrastructure, branches, and office
buildings.

» All banks, insurers,
and large investors
provide a quantified
estimate of their
exposure to natural
hazards

» Market and liquidity risk: Re-assessing financial
projections and risk premiums will impact
asset valuations. This could trigger pro-cyclical
materialization of losses and tighter funding and
liquidity conditions, particularly when it is due to
a disaster. Droughts and other natural disasters
can also drive up commodity and energy prices.

» Credit risk: Damage to infrastructure, higher prices, lower productivity
and so on can adversely affect borrower repayment capacity. Lower
collateral prices amplify credit risk, particularly when uninsured. In
natural disaster-prone economies, sovereign credit risks could adversely
interact with financial sector risks.

» Underwriting risk: Physical risks can impede the pricing accuracy of (re)
insurance liabilities. This can cause losses to insurers, raise premiums,
or even render some activities or geographies uninsurable, raising fiscal
costs as governments are forced to backstop losses. Lower availability of
insurance can have important repercussions on investments and loans.
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Countries can manage these impacts by investing in data, knowledge and modeling
capacity, planning and budgeting for disasters, and improving coordination
between sectors. They may also need to issue specific regulations to incentivize
their financial systems to assess climate-related risks.

Banks: Climate change impacts can increase operational, credit, market, and
liquidity risks for banks. Weather-related shocks could trigger losses due to higher
defaults and lower collateral valuations, particularly if people are uninsured.
Weather-related shocks can also damage payment systems and bank branches.

Institutional investors: Pension funds, life insurance companies and other
institutional investors could be disproportionately affected by climate change,
given their longer-term investment horizons. Climate change can trigger non-
linear impacts such as food security crises, social and political unrest, biodiversity
loss and the sudden reevaluation of assets located in risky areas, so investors must
design investment strategies that can manage these (uncertain) long-term risks.

Insurers: Climate change has implications for insurance companies on both
sides of the balance sheet: as investors and as underwriters. As investors, they
face similar risks as other asset managers. Like institutional investors, insurers
may be disproportionally affected by the long-term nature of their equity and
infrastructure investments. As underwriters, pricing risks may arise from the
changing risk profiles of insured assets (Feyen et al. 2020). Climate change
introduces deep uncertainty in catastrophe models, so it is harder to make valid
predictions about expected losses and therefore price some insurance products.
Some risks may become impossible to insure. At the same time, some insurers
might find opportunities for innovative insurance offerings. Insurance companies
may also be affected by increased liability risks due to climate change, as part of
negligence policies or through litigation—for example, related to inadequate
disclosure of climate risks (IAIS/SIF 2018).

Real estate and housing values: Risks related to real estate and housing are
included in credit risks and mostly borne by the banking system. But it is worth
assessing them separately due to their importance (especially in banks’ balance
sheets) and exposure to climate change risks. Because natural risks are at least
partly included in housing values (Beltran et al. 2018; Hallstrom and Smith 2005;
Erman et al. 2018), a rapid reevaluation of risks from natural hazards—which has
happened after big disasters (see, for example, Hallstrom and Smith 2005)—could
lead to brutal changes in housing values, significantly impacting banks’ portfolios
and risk profiles.
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TAKING ACTION >>
Toolbox J

Stress testing
financial
institutions for
disaster and
climaterisks

\/‘TD )

\o)

o
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Stress testing is common

in the financial sector. In
practice, it is possible to
estimate the effect of some
negative but plausible
socioeconomic scenarios—for
example, a 3 percent drop in
GDP—on individual financial
firms’ portfolios or across

the sector, providing insights
on vulnerability in the firm

or sector. Some regulations
mandate that financial firms
demonstrate their ability to
weather an economic crisis or
shock through such a stress
test.

Stress testing is now also
used to investigate climate
change-related risks, though
this is mostly for so-called
“transition risks”, which

are those associated with
policies enacted to reduce
greenhouse gas emissions.
For example, Battiston

et al. (2017) link global
macroeconomic scenarios
to major commercial banks’
portfolios to estimate

their exposure to rapid
decarbonization.

Stress testing the financial
system to the physical risks
of climate change, however,
is more challenging, because
the impacts of climate

change are more spatially
heterogenous than the
impacts of climate policies.
Estimating a company’s
vulnerability would require
considering the localization

of every production unit. But
this information is not enough,
as a well-designed asset in

a high-risk area can be very
resilient. And information on
how assets are designed—for
example, whether a factory
can cope with heavy rain—is
simply not available, even to
companies themselves. A
firm’s or a sector’s vulnerability
also depends onits suppliers,
clients, and the transport and
communication networks that
their relationships depend

on (Colon et al. 2019). And
while firms usually know

their direct suppliers, only

the biggest ones have the
resources and capacity to
understand their full supply
chain and its vulnerability.
Finally, uncertainty around
future impacts is so large that
any single scenario is unlikely
to capture a firm’s or a sector’s
full vulnerability to climate
change.

In this context, government
and financial system
regulators have two
(complementary) options:



»

Top-down stress tests:
First-order assessments
based on sector-level
vulnerability to climate
change—for example,
vulnerability of Uganda’s
coffee production—
assuming that all firms
within a sector have

a similar vulnerability.
This approach provides
insight on an economy’s
vulnerability based on
its sectoral structure,
disregarding heterogeneity
across firms and individual
firms’ ability to adjust to
a shock by diversifying
to other activities

or developing new
technologies.

Bottom-up stress tests:
Firms and financial actors
conduct their own risk
assessments, based on their
in-depth knowledge of their
production systems and
supply chains and publicly
available data on climate
change and natural hazards,
building knowledge from
the bottom up that can be
aggregated over time.

A firm’s or a sector’s
vulnerability to climate change
will depend on its ability to
respond to anticipated and

non-anticipated impacts of than a firm that is less exposed

climate change. Top-down and but not prepared. A European
bottom-up stress tests should Bank of Reconstruction and
therefore go beyond the direct Development and Global
physical impacts, to assess Center for Adaptation report
various firms” and financial recommends that all firms
actors’ ability to absorb shocks and private actors assess how
and adapt to change. For climate risks may affect their
example, a firm that is heavily value chains and operations,
exposed to major hazards and putin place appropriate
but has well-developed risk management systems
contingency plans and is well (EBRD and GCECA 2018, see
insured may be less at risk figure J.1).

FIGURE J.1 >>

How climate change affects corporate value chains

Impact on Impact on
corporate performance credit risk
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« acute or chronic climate « climate hazards that affect the
hazards that directly affect broader economic, human, or
corporate operations, supply | natural environment
chains, or markets | « transmission pathways from
+ includes extreme precipitation, climate hazards to firms may
heat stress, water stress, include ecosystem collapse,
cyclones, rising sea levels, cold migration, social licence to
snaps, and winter storms operate, impacts on human
- can be measured in physical health, and so on
terms and estimated financial - impacts on the corporate value
terms chain are difficult to predict
and quantify

Source: EBRD and GCECA 2018.
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Information on firms’ exposure to disaster and climate risks—including through
stresstests (toolbox J)—canhelpinvestorsand decision makersadjustinvestments
and portfolios to reduce exposure and future losses. Transparency on disaster
and climate risks, as advocated by the Task Force for Climate-related Financial
Disclosure,” would also send a strong signal to firms’ management that this is a
topic of concern for investors and create an incentive for all firms to manage their
long-term risks better.

In this domain, governments can lead the action through a law, or regulators who
consider that climate change risks are part of their mandate due to their impact
on financial stability can lead the action directly. One example of action through
law is Article 173-VI of the French Energy Transition for Green Growth Act. Its
objective is to influence decision making and directly promote adaptation and
resilience while enabling public authorities, NGOs, thinktanks, and civil society
more generally to have the information they need to influence investors. However,
implementing the law has shown that reporting on exposure to climate and
disaster risks is more challenging than reporting on carbon emissions, exposure
to carbon pricing, and climate mitigation policies.

But regulators can act even in the absence of such an explicit mandate, on the
basis of the impact of physical climate change risks on the financial system (for
example, NGFS 2020). They could, for example, consider imposing appropriate
requirements to ensure firms’ risk management approaches adequately capture
the different risk profiles of their investments with regard to natural hazards
and other adaptation-relevant climate risks. Authorities can set out regulatory
guidance or supervisory expectations to enhance firms’ responses to these risks,
addressing all aspects of firms’ governance, risk management and disclosure
practices. They should actively monitor the implementation of these expectations
by integrating climate risk into existing regulatory frameworks. The Network for
Greening the Financial System provides useful recommendations in its guide to
regulators (NGFS 2020), focusing on identifying and quantifying exposures and
risks, and managing these risks.

Requiring regulated entities to conduct climate-related stress testing or scenario
analysis will enable firms to test their portfolios’ resilience to physical climate
risk and adaptation-related shocks. Taking a forward-looking approach will
provide insights into their assets’ longer-term risk profile, exposing potential
future vulnerabilities in their business models. Using this to inform their
strategic planning and decision making would increase the overall resilience of
the financial system.

Over time, regulators may consider imposing additional capital requirements,
should supervisory assessments conclude that firms fail to adequately address
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climaterisk. Shortcomings in risk management practices or a failure to reduce high -
risk exposures may lead to a capital add-on under Basel regulations. Integrating
climate risk into the direct risk-weighting of assets will require substantial further
research to close significant data gaps, in addition to an agreed-upon climate risk-
related classification system.

It is important to note that current methodologies for financial climate risk
assessment and stress tests are crude, and their limits could have unintended
effects. Many assessments are based solely on geographic localization—for
example, whether a factory is in a flood zone. They do not consider whether the
asset was designed and built to manage local hazards, because these data do
not exist. This simplification means that a well-designed asset in a flood zone
could be wrongly considered at high risk, despite all the project developer’s
efforts. This type of error could discourage the proper design of assets in at-risk
areas and any form of investment in high-risk regions, including the poorest
countries and communities. It could thus complicate efforts to reduce poverty and
accelerate development, which should be the priority for reducing climate change
vulnerability and impacts (see Foundations).
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Application:

Prioritization,
implementation,
and monitoring
progress

The earlier sections of this guide have argued that an

:ﬁﬁg S effective climate change adaptation strategy needs to
Finance/ comprise measures to ensure a broad, productive, and
economy and inclusive development pathway (Foundations), and
ministry actions in four priority areas, covering the adaptation
o 2&::;;’ of people and firms (Priority Area 1);land use plans,
o7 EllhAneie public assets and services (Priority Area 2); residual
change (often risk management (Priority Area 3); and macrofiscal
environment)

risk management (Priority Area 4).
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To effectively implement these actions, governments must first establish the right
institutional and legal framework for robust implementation (Action A.7)and then
design a concrete multisectoral adaptation and resilience strategy that clearly
identifies and prioritizes actions in line with available resources (Action A.2). A
concrete set of intermediate targets and milestones is essential to implement the
strategy in each sector (Action A.3). Governments should actively mainstream and
integrate resilience in all public policies, rather than limit their consideration of
resilience to climate-related actions (Action A.4). With priority actions defined,
they need to raise, allocate and track adequate financial resources to implement
the strategy (Action A.5). Finally, once implementation is underway and new
information and challenges emerge, they will need to make regular strategy
adjustments and course corrections to strengthen the approach (Action A.6).
Overall, the key to successful implementation is ensuring that all government
departments adopt and mainstream the strategy in all their decisions, and that
governments continuously monitor and evaluate the impact of their decisions and
actions, so they can address any challenges and adjust their actions accordingly.
Figure 23 illustrates how these actions link together.

FIGURE 23 >>

Six actions to effectively implement an adaptation and resilience strategy

ACTION A.1 >> ACTION A.2 >>
Create a strong Design an adaptation and
institutionalandlegal @~ """ "77TTTT77 > resilience strategy with
framework, with prioritized actions
appropriate stakeholder T~
involvement ACTION A.3 >>
Set concrete sector-
,4 level targets to guide
‘ implementation by line
ministries
ACTION A.6 >>
Track progress over time, ,
and review and revise the ‘v

strategy

ACTION A.4 >>

» Screen all public policies
. and expenditures for
climate and disaster
risks, and align them with

ACTION A.5
o - adaptation targets

Allocate appropriate

funding to the adaptation
strategy
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ACTION A.1 >>

Create a strong institutional and
legal framework, with appropriate
stakeholder involvement

The policy actions discussed across this report require an appropriate institutional
and legal framework. Such changes are usually introduced through climate change
framework laws (see World Bank 2020b). These framework laws have multiple
roles, from establishing short-and long-term climate change targets to creating the
institutional and legal framework needed to ensure that climate change is properly
addressed. There are many required changes, which are discussed in multiple places
in this report. For example, most climate change framework laws have a “knowledge”
or “data” component, to ensure that climate change-related information is available
to public and private decision makers (Action 1.7). There are three important
components for creating a strong institutional and legal framework:

1. Adjusting the mandate of existing ministries, agencies or institutions:
Considering resilience and climate and disaster vulnerability must be
made part of existing mandates, to ensure these issues become part
of good governance. This is particularly important for infrastructure
services (Action 2.2)—for example, regulating public and private power
providers can help increase power systems’ resilience to storms and
drought (see Hallegatte et al. 2019)—and when developing rules for
budget preparation and discussions (Action 4.7) and financial or banking
regulations (Action 4.4) (NGFS 2020). Considering climate and disaster
risks in land use planning (Action 2.3) should also be included in the
mandate of municipalities or authorities in charge of developing land use
plans and delivering building permits.

2. Creating new agencies or committees where needed: Although it is
generally preferable to build on existing institutional design to prevent
conflicts and contain costs, governments will sometimes have to create new
agencies or institutions to implement an action. But while infrastructure
resilience may be coordinated by a small committee placed under the
prime minister or minister of economy, the design and implementation of
the measures is better left to existing regulators of infrastructure services.
Leaving, for example, regulations on the resilience of the power system to
the regulator of said power system will prevent cross-agency conflicts and
improve consistency in regulations and investments. But where there is
an institutional vacuum—for example, an absence of watershed agencies
to manage water allocation at the right spatial scale—the challenges
around climate change and natural risks provide additional rationale for
strengthening institutions, including by creating new agencies.
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3. Establishing an overarching coordinating body: Designing and
implementing an adaptation and resilience strategy often requires a
coordination mechanism to ensure consistency in actions across sectors
and ministries (horizontal coordination) and across national, regional
and local tiers of government (vertical coordination) (World Bank
2020b). Ensuring coordinated action across entities can help capture
synergies and take care of important roles like M&E and progress
tracking. To be effective, the mechanism must include representation at
a senior (typically agency head) level, to give it the necessary authority
and access to the required resources. Since adaptation and resilience are
highly cross-sectoral, the mechanism is also best placed at the center of
government—for example, with a committee chaired by the presidency
or prime minister’s office, or the head of a planning or central finance
agency. Several proposals exist, including the creation of a national risk
board or chief risk officers (World Bank 2013).

The UK’s Committee on Climate Change, in charge of maintaining political
commitment to climate goals and adherence to the Climate Change Act, comprises
eight experts from academia, business, civil society, and politics. Its Adaptation
Sub-Committee has six members. The Climate Change Act requires Parliament to
have access to the committee’s advice and obliges the government to respond to the
committee’s recommendations—in other words, the government cannot ignore
the committee’s advice. The committee has an effective public communications
function and its advice is regularly referred to in the media.

Kenya’s Climate Change Act 2016 establishes a National Climate Change Council
chaired by the president as an overarching national climate change coordination
mechanism and the lead agency in charge of climate change plans and actions.** The
act outlines duties for all state ministries, departments and agencies, establishes
a climate change unit and appoints a senior official to coordinate mainstreaming
climate change into sectoral strategies. The council reports annually on the
implementation of climate change duties and functions.

Stakeholder involvement is an important dimension of any institutional setup. It is
critical at each stage of the adaptation and resilience process, including:

» Strategy design, identifying available options and contributing to
assessment and prioritization, making sure that the concerns and

priorities of various groups are given due consideration

» Implementation, since the adaptation and resilience strategy will be
largely implemented by private actors
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» M&E, particularly by flagging unintended side-effects that the established
set of indicators would miss—for example, an adaptation and resilience
strategy may have unintended negative impacts on housing affordability,
and if the M&E framework does not include the right indicator to identify
this problem, it would need stakeholders to raise it.

Countries have used different approaches for stakeholder involvement, depending
on their political system and context. Some—like the recent citizens’ convention
for ecological transition in France—have punctual stakeholder consultations when
plans are designed.** Others have created permanent bodies, such as Colombia’s
National Council for Climate Change, which ensures effective coordination between
the government and unions, civil society, Congress and academia,*® Ireland’s
Citizens’ Assembly on Climate Change,*® and Costa Rica’s Citizen Advisory Council
and Citizen Consultative Council on Climate Change.®” Peru’s Framework Law
on Climate Change includes specific provision on the rights and participation of
indigenous stakeholders.*®
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ACTION A.2 >>

Design an adaptation and resilience
strategy with prioritized actions

After establishing the appropriate institutional and legal framework for adaptation
and resilience, governments can design their adaptation and resilience strategy—
with details of interventions, investments, and policies—building on the agencies
and participatory instruments available.

Since no country has the capacity to implement in parallel all desirable measures
and interventions for increasing resilience and reducing future disaster and climate
change losses, one of the strategy’s (and the finance ministry’s) main roles is
prioritizing interventions, to ensure limited resources go to the best opportunities.
Even projects that are economically beneficial—with a positive NPV—may be
impossible to fund with available resources.

Ministries can use multiple tools to prioritize investments in climate change
adaptation, from traditional methods for appraising investments to more holistic
approaches that account for societal benefits and uncertainty (toolbox K). Indeed,
tools for prioritizing and selecting investments are crucial for a robust adaptation
strategy. For example, some interventions may not be justified on the basis of pure
economics, but are essential for protecting populations and communities from
unacceptable impacts.

Prioritization methodologies allow decision makers to identify a small subset of
interventions that are most likely to deliver large net benefits. But when selecting
short-term priorities, they should also consider the long term. Resilience-boosting
interventions implemented over the lifetime of an adaptation plan (say, five years)
should be considered as the first steps within a decades-long strategy. Selected
short-term interventions need to:

» Build the foundation for future interventions—for example, by
establishing the right institutions and governance systems

» Demonstrate the value of investing in resilience—for example, by
supporting pilot and demonstration projects that can then be scaled up
and generalized

» Prevent irreversible impacts—for example, by implementing
interventions that cannot wait.

This last consideration is crucial in rapidly growing countries. As they build
new infrastructure and buildings, they have an opportunity to build right in the
first place and prevent large retrofit costs in a few decades. The World Bank’s
Lifelines report estimates that delaying action in improving the resilience of new
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infrastructure by one year would cost low- and middle-income countries around
$100 billion (Hallegatte et al. 2019).

A cascade of uncertainties characterizes all decisions that relate to climate
change and long-term socioeconomic trends. Uncertainty about sea level rise,
temperature, precipitation, and other climate factors—as well as socioeconomic
change, political factors, disruptive new technologies, and behavioral change—
all have tremendous implications for decision makers’ short-term choices. Past
evidence shows that our ability to predict the future is limited (Kahneman 2011;
Silver 2012). Parties to a decision often also have competing priorities, beliefs, and
preferences. And when parties do not know or cannot agree on the models that
describe the key processes that shape the future, the probability distribution of key
variables and parameters in these models, or the value of alternative outcomes, it
leads to deep uncertainty (Lempert et al. 2003).

Traditional investment appraisal methods can be ill-suited for prioritizing
adaptation investments in this context, especially when the uncertainties cannot
be translated into probabilities of occurrence. Conventional cost-benefit analysis is
particularly challenging in the presence of deep uncertainty, diverging worldviews,
or disagreement among experts.

Against this context, new decision-making tools—such as decision trees and
adaptive pathways—have been developed to make robust decisions that perform
well across a wide range of future scenarios, preferences, and worldviews (toolbox
K). They are designed to deliver acceptable outcomes in the largest range of possible
futures, instead of optimizing for one particular scenario (Haasnoot et al. 2013;
Lempert and Groves 2010; Ray and Brown 2015).

Governments also need to consider the context of the COVID-19 crisis when
prioritizing and financing an adaptation and resilience strategy. On the one hand,
governments managing a health emergency have reduced capacity to design and
implement complex policy changes or investments, their tax revenues have dropped,
and they may want to focus on simpler and cheaper actions in the short term. On the
other hand, their COVID-19 response may allow them to build long-term resilience
to other shocks. For example, all countries have scaled up their social protection
systems to protect their populations against the negative side-effects of COVID-19
containment measures. Ensuring the infrastructure for scaling up their social
protection system stays in place after this crisis would build a country’s resilience,
by improving their ability to respond to the next emergency.

As the COVID-19 crisis gets under control, over a timeline that remains highly
uncertain, countries may also implement recovery and stimulus packages to help
restart the economy. Spotlight 4 outlines a simple methodology for identifying
measures that create an effective stimulus while also building long-term resilience.
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TAKING ACTION >>

Cost-benefit analysis,

for implementing a project.

Toolbox K NPV, and rate of return Additional prioritization—for
0 nnf One traditional approach to example, based on ranking
TOOIS to prlorltlze selecting projects is using benefit-cost ratios or NPV—is
adaptation a cost-benefit analysis to required.
and resilience calculate the NPV, benefit-cost
. . ratio, or internal rate of return In the case of adaptation and
interventions of various options, to select resilience, however, there are
@ ©) the best ones. A standard four additional complexities

o

cost-benefit analysis would
simply take the discounted
sums of the costs and benefits
over the project’s lifetime and
calculate either the NPV (as
the benefits minus the costs)
or the benefit-cost ratio (as
the benefits divided by the
costs).??

If the NPV is larger than zero,
then the project delivers net
benefits and is economically
beneficial. The choice of the
discount rate p and the pricing
of non-market impacts—for
example, when a project
reduces mortality or morbidity
—are complex questions that
are well treated elsewhere
(see, for example, Tan et al.
2001). Following World Bank
guidance on the discount

rate, we recommend that the
discount rate p is based on
normative considerations,
while the opportunity cost

of funds or financing costs
should be considered directly
as a project cost, not indirectly
through the discount rate. This
means that there may be more
projects with a positive NPV
than available resources to
invest in them, and a positive
NPV is a necessary—but

not sufficient—criterion

that traditional approaches are
often ill-equipped to address:

» The benefits of increased
resilience are not only
avoided losses; higher
resilience can also
enable investments and
development, creating more
value than avoided losses
alone (Tanner et al. 2015).
Cost-benefit analyses
too often consider only
avoided losses, and thus
underestimate the value of
risk reduction interventions.

» Adaptation and resilience
projects tend to have
broad consequences at the
system level, and focusing
on the project level is likely
to oversee such aspects
(Hallegatte et al. 2019).

» Future climate change
impacts are highly uncertain,
as different models tend to
provide different projections,
making it difficult to
calculate a single expected
NPV (Kalra et al. 2014).

» Decisions on resilience and
climate change adaptation
cannot be driven by
economic considerations
alone (Hallegatte et al.

NPV calculation

asset lifetime

W [Benefit(y) — Cost(y)]

NPV= )

starting date
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2016b). Concentrating
interventions on where

the return on investment

is highest would focus on
richer areas and populations
by protecting the areas that
have most to lose.

This toolbox discusses
alternative approaches to
dealing with these specificities.

System-level and
criticality analysis

In a networked and
interconnected system,

the resilience of each asset
depends on the resilience

of the whole system. Even
perfectly functional power
plants can stop producing if
the transmission system is
damaged, for example. So, the
resilience of each assetin a
system must be determined
from the system’s needs and
depends on its importance
within the system.

A simple approach to
prioritizing interventions is
assigning a level of criticality to
assets based on their capacity.
For example, construction
standards are often higher

for primary roads such as
highways and freeways than

for tertiary roads that have
much lower volumes of traffic.
Similarly, strengthening or
retrofitting actions can be
prioritized by focusing on the
largest assets in a system.

However, this approach is
limited in that it does not
include information on the type
of service the asset provides
(for example, a freeway that
provides access to a camping
area is less critical than one
that leads to the main port or
hospital) or the role that the
asset plays in overall network
functionality. Sophisticated
approaches to prioritizing
infrastructure assets model
infrastructure systems as a
network of nodes and links. A
criticality analysis can identify
the bridges and road segments
that are most important for
the whole system, so that
resources can be focused on
them. Figure C. 1 (toolbox C)
is an example from Tanzania.

Approaches based on
criticality analysis can provide
similar outcomes as a cost-
benefit analysis: they can help
decision makers estimate

the costs and benefits of
investing in different parts

of a network, and calculate
an NPV or benefit-cost ratio
for each asset, making it
possible to prioritize highest
returns. Figure K.1shows
the losses from a four-week
disruption of different roads
in Tanzania, ranked from the
most to the least important
road. With a given budget for
retrofitting and strengthening,
such an analysis can provide
a prioritized list of roads that
should be reinforced.

Scenario analysis and
decision making under
uncertainty

Regardless of the quality of
data and models available,
long asset lifetimes and deep
uncertainty about the future
exacerbate the challenges

of sound decision making in
risk management. Scenario
analysis and tools for decision
making under uncertainty
have been designed to deliver
acceptable outcomes in the
largest range of possible
futures, instead of optimizing
for a single future scenario.

The first step is stress testing
available options under a
range of plausible conditions,
without requiring a decision or

FIGURE K.1 >>

Benefits from strengthening different road segments in Tanzania considering their criticality
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Consumption losses caused by a 4-week
disruption in each road, US$ million

Source: Based on Colon et al. 2019.
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agreement on how likely these
conditions are. The methods
then repeatedly evaluate
decision options under
different sets of assumptions,
including low-likelihood but
high-consequence events.
This process promotes
consensus around decisions,
which can help decision
makers manage deep
uncertainty. By performing
analyses in this way, decision
makers can debate important
questions, such as:

» What trade-offs should be
made between robustness
and, for example, cost?

» Isit possible to add safety
margins to a project to
hedge against surprises?

»  Which options offer
the most flexibility for
responding to unexpected
changes in the future?

» What should be done in
case of failure?

Robust solutions can usually
be achieved by selecting

options that minimize the
potential for regret. Here,
regret is defined as the
difference between what a
given decision would achieve
and what the best decision
could have achieved. For
example, there is a regret from
having strengthened a bridge
to resist a strong earthquake,
if no such earthquake occurs
during the lifetime of the
bridge. Similarly, there is
aregret from not having
strengthened the bridge if

a strong earthquake does
happen and the bridge is
destroyed.

Figure K.2represents this
approach, which is based

on the Robust Decision
Making (RDM) methodology.
It suggests starting from
existing plans and working
with decision makers and
stakeholders to define what
would be considered a failure
or unacceptable outcome.
These can be defined in pure
economic terms (for example,
the NPV is negative) or in

FIGURE K.2 >>

RDM methodology to identify vulnerabilities and options to mitigate

them

Start from a plan
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vulnerabilities
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(eliciting
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Stakeholder
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failure
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Determine in
which scenarios
the current plan
fails

more complex ways (the NPV
is negative or the project
creates unsustainable debt
or bad health consequences
for the population). It is then
possible to identify scenarios
in which the existing plan
would fail. The vulnerabilities
identified through this process
can help identify options and
opportunities to reduce or
manage them, and to make
the considered system less
vulnerable.

This approach does not
usually provide a ranking of
projects or a single metric to
measure project returns. But
it does identify vulnerabilities
and options to minimize
them. It is then up to decision
makers to decide whether
the vulnerabilities are too big
to be accepted and whether
investing in the identified
options is worthwhile.

Defining a target level
of residual risk

Risk cannot be brought

to zero. The appropriate
approach to manage risk

is always a combination

of prevention to avoid
disasters and impacts and
preparedness to manage
the risks and impacts that
cannot be prevented at an
acceptable cost. The right
balance between these two
pillars depends on whether we
are dealing with frequent or
rare events.

For changes in average
conditions, and small and
frequent shocks, it is usually
best to focus on preventing
the impacts—for example,

by retrofitting housing and
infrastructure to manage
higher temperatures or by
building dikes to prevent
frequent floods. But for more



extreme and infrequent
events, or places with low
population and asset density
and more limited economic
value, the cost of prevention
may quickly become
unaffordable. In these cases,
preparedness becomes an
increasingly important option.
For many assets—including
electricity distribution
infrastructure, some

roads and other transport
infrastructure—it may be
cheaper to accept and be
ready to repair damage quickly
after disasters, than to try to
strengthen them (Nicolas et al.
2019; Colon et al 2019).

Figure K.3illustrates how,
when shocks are more intense
and less frequent, prevention
becomes less affordable and
preparedness more important.
Not all countries can aspire

to the same level of resilience
over the short term. Defining
risk levels should also consider
ethical issues, poverty
reduction and inequality
objectives.

Countries with different
institutional and technical
capacities and levels of wealth
will not select the same level
of acceptable risk. So, while
the Netherlands has invested
massively in coastal protection
to reduce flood risks to
almost zero, this solution may
remain unaffordable for many
developing countries in the
next decades. Poor countries
often experience repeated
shocks. For example, urban
floods affect Dar es Salaam

in Tanzania almost every year
and drought-related crop
losses occur every few years
across Eastern Africa. The
frequency of disaster- and
climate-related impacts in
these countries means that
preparedness, through early
warning systems and other
mechanisms, has to play a
bigger role than it does in
richer countries (figure K.3).

Once an acceptable level of
risk has been defined, it can
guide investment decisions,
funding the required actions

FIGURE K.3 >>

Prevention and preparedness efforts, and how they depend onincome

to maintain residual risk

below this acceptable level.
This is the approach the
Netherlands government uses
to manage flooding: it commits
to maintain risk below

certain levels, depending on
population density, and then
translates these commitments
into investment plans.

In the presence of significant
interdependencies across
systems, applying a
consistent level of resilience
to various components of

the infrastructure system

is more cost-effective than
making independent decisions.
It would not make sense

for a government to invest
major resources in making
the power system highly
resilient if the water supply

or transport system cannot
cope with frequent hazards.
For systems that interact, it is
more practical and efficient to
use a target level of resilience
to allocate investments across
sectors than trying to equalize
the rate of return of various
investments.

Dedicated metrics to
capture distributional
impacts

levels Economic losses hide the
oA impact of disasters on
100% in
prevention poor people (Hallegatte
0% in For small and
preparedn;ss RS, etal. 2016b). Because the
impacts are wealthy have more assets
unacceptable and . .
the focus should f':md income to. lose, their .
be on prevention interests dominate economic
For large and loss assessments. If informed
infrequent shocks, only by potential economic
prevention is too .
° costly and the losses, decisions about the
) icassieudibeer resilience of infrastructure
As countries grow coping and .
richer, they spend more recovering with or investments to reduce
CREEIHER, Eis minimum natural risks will tend to favor
need for coping and long-term impact X i
o recovery decreases on growth and acountry’s or a city’s richest
o1 :
prevention well-being areas. Although the poor
100% in often have little to lose, they
preparedness ~

lack the resources and tools
to cope with infrastructure

Intensity increases and frequency decreases
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disruptions or income shocks
without reducing essential
consumption. So, they are
more likely than the wealthy
to forgo food, health services,
and education after a disaster.

To ensure resilience is
distributed fairly across the
population, governments can
use a metric that accounts
for the socioeconomic status
of affected populations to
measure the impacts of
disasters and infrastructure
disruptions. A recent analysis
in the Philippines employed

a multimetric regional-level
assessment of disaster

risks using traditional asset
losses, poverty-related

measures such as poverty
headcount, well-being losses
for a balanced estimate

of the impact on poor

and rich households, and
socioeconomic resilience

to measure the population’s
ability to cope with and recover
from asset losses (Walsh and
Hallegatte 2020).

In both spatial (where to act?)
and sectoral (how to act?)
terms, priority interventions
depend on the metric used for
disaster severity. Focusing on
physical asset risks prioritizes
adaptation action in areas

with high asset values and
strong economic activity, while
concentrating on well-being

losses prioritizes action in
poorer and vulnerable areas.

In the Philippines, for
example, if asset losses are
the main measure of disaster
impacts, the most important
interventions will take place
in the Manila area. If the
government expresses its
policy objectives in terms

of poverty incidence and
well-being losses, then other
regions become priorities
(figure K.4).Butcountries
need to account for multiple
policy objectives when
assessing national risks. As
such, they should use a set
of metrics that goes beyond
asset losses.

a. Annual asset risk

FIGURE K.4 >>

b. Number of people falling

into poverty each year

National total = PHP 72 billion
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Multihazard asset risk [bil. PHP per year] Annual consumption poverty increase

as % of regional population
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Well-being losses [bil. PHP per year]
National total = PHP 167 billion

National total = 0.5% of population

Source: Walsh and Hallegatte 2020.
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c. Annual well-being risk

Using different metrics to measure natural risks in the Philippines highlights different intervention priorities

d. Socioeconomic
resilience
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National average = 43%



SPOTLIGHT 4 >>
COVID-19

Developing a
stimulus and
recovery package
that builds
resilience

To accelerate recovery once the
COVID-19 health emergency is
under control, many governments
are planning to introduce massive
stimulus packages to help restart
the economy. Governments

can improve these packages

by considering not only the
short-term needs for jobs and
economic activity, but also actions
to boost the potential, resilience,
and sustainability of future
development paths.

Governments can use a
sustainability checklist to screen
potential projects (Hammer

and Hallegatte 2020), policies,
and measures for inclusion in a
stimulus package, looking both
at the short term (How many

jobs will be created? Over which
timeline?) and the long term (Does
the intervention improve long-term
growth prospects, for instance by
improving the population’s skillset?
Does it increase resilience? Does it
facilitate the transition to a zero-
carbon economy?). The key is to
maximize short- and long-term
gains through a careful selection
of interventions.

If stimulus packages simply

get countries to where they

were before the pandemic, they
will face the same problems
tomorrow that they faced
yesterday, with low productivity,
high pollution, and lock-in of
carbon-intensive economic
structures. The most efficient
stimulus packages will be the
ones that are designed to create
many jobs and support economic
activity over the short term,

but also get economies on track
for rapid sustainable growth.

As well as using this spending

to make their countries 21st-
century-ready by investing in
skills, governments can invest in
building modern, resilient, zero
carbon infrastructure systems
and a healthy environment.

This spotlight demonstrates

how governments can transform
the sustainability checklist

into a screening, scoring, and
prioritization tool, using Fiji’s
Climate Vulnerability Assessment
(CVA) resilience-enhancing

plan as an example (Fargher

and Hallegatte 2020). Fiji's
starting point was the list of

12/ interventions identified as
part of the CVA. This list was
created through an in-depth
multisectoral collaboration
between the government of

Fiji and the World Bank, based

on an assessment of the threat
that climate change and natural
disasters create for Fiji’s own
development goals, as stated in
its national development plan.
Although the list includes some
pure adaptation or disaster risk
reduction interventions, such

as building dikes, most of the
measures and interventions
combine development and
resilience-building objectives.
Indeed, the CVA plan was designed
to support the achievement of the
country’s 5- and 20-year national
development plans, despite
disaster and climate risks.

Not all the measures listed in
the CVA plan are useful stimulus
actions. For example, creating
drought management plans is
essential to minimize future
economic costs from climate
change, but it is not likely to
create many jobs. To select the
right set of interventions for the
short term, governments need
to look at many dimensions, as
suggested in the sustainability
checklist.

Assessment methodology
To identify interventions that
should be included in a stimulus
package, each of the criteria
listed in the sustainability
checklist was applied to each
intervention, with a score given
based on expected performance,
using simple classification to
categorize performance:
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» 1 for “good” —for example,

this measure generates short-

term jobs

P

X

0 for “not relevant” or
“requires more information”

P

Y

-1 for “bad” —for example,
this measure does not
generate short-term jobs.

To transform the 35 scores of
the full checklist into a small
set of priority interventions,
the first step was removing
any interventions that

failed to achieve short-term
objectives or were likely to
create significant issues over
the long term. Next, using a
“do no harm” approach, any
interventions that received a
score of -1 for the following
dimensions were also removed:

» Short-term job creation:
Does the measure create
new jobs in the short term?
Do the new jobs make use
of skills that already exist
in the local population?
Can the intervention create
jobs in 12 months after a
decision is made, including
intervention design,
consultation processes,
budget mobilization, and
procurement?

» Long-term financial
sustainability: Is the risk
for local/national debt
sustainability manageable?
Are induced costs—for
example, for maintaining
and operating a new asset—
manageable?

P

Y

Irreversible environmental
impacts or lock-in to

risky or carbon-intensive
patterns: Can the intervention
be designed to prevent
irreversible environmental

or cultural losses, such as
increased deforestation,
developing on wetlands or
damage to cultural heritage
sites? Has it been screened for
exposure and vulnerability

to disaster and climate risk,
considering future changes

in climate conditions? Can

it prevent magnifying (or
creating new) lock-in to
carbon- or energy-intensive
development patterns?

Interventions that do not
perform well along these
dimensions have no place in

a stimulus package. This first
screening removed 50 percent of
the interventions. Since the CVA
plan carefully considered long-
term implications, the screening

removed measures that were
not expected to generate many
jobs over the short term. The
plan included two massive
interventions related to the
retrofit of schools and hospitals,
with a total cost of F$560
million that was considered
unrealistic for a stimulus
package. These were reduced
instead to F$60 billion, making
short-term implementation
more realistic.

The next step was using a
classical multicriteria approach
to identify the most promising
of the remaining interventions.
This involved aggregating the
scores into four core categories
of interest—short-term
stimulus, long-term growth,
resilience, and decarbonization
—and weighting each of the
category scores to calculate an
overall score. Governments need
to select the weights that best
represent their priorities and
policy goals. The example here
simply illustrates the approach
by selecting a set of weights in an
ad-hoc manner.

Results

Figure B4.1 demonstrates how
each sectoral group performed
against each category for the

FIGURE B4.1 >>

How different categories of interventions perform along different dimensions

Housing and land use
Hazard management
Transport

Water

Energy
Health/education
Environment
Agriculture

Fisheries

Social protection

0.0

0.5 1.0

m Short-term growth Long-term growth

Note: Score weight used for illustrative purposes: ST=1, LT=0.5, R=0.5, D=0.5
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63 remaining interventions. As
expected, they were all strong on
resilience—this was, after all,
aresilience plan—but they also
performed well on long-term
growth. This was to be expected,
since the plan was developed to
support long-term sustainable
growth. Short-term growth was
more selective, but since the
worst measures were removed
during initial screening, the

63 remaining actions provided
some short-term stimulus
benefits. The decarbonization
dimension produced the

most different results across
sectors, with only the energy
and agriculture interventions
generating significant benefits
in this domain.

To package these measures

into a suitable stimulus plan, a
budget cut-off was applied at 3
percent GDP, reducing the list
to 10 core interventions (table
B4.1). As expected, they all
perform well against the four
core categories. In particular,
they are expected to boost long-

term productivity and growth,
by improving agricultural
productivity or the reliability of
infrastructure, or by reducing
energy use or wastewater.
Some, but not all of them, also
contribute to decarbonization.

Conclusion

This exercise does not pretend
to identify the best stimulus
package for Fiji. Designing a
stimulus package would require
further exploration of options
and interventions that are not
part of the CVA resilience plan.
For example, the tourism sector
is heavily affected by COVID-19
and identifying measures that
target this sector will be crucial.
Direct cash transfers or public
work programs targeting the
unemployed and the poorest
are also a cornerstone of a
stimulus program. Finally,

the weights used to prioritize
interventions need to reflect the
priorities of both government
and population, instead of being
fixed arbitrarily as they were
here for illustrative purposes.

But this exercise shows how
governments can use existing
investment plans as an input

into a stimulus program

design, if properly screened to
ensure selected interventions

are appropriate in the current
context. It also demonstrates
how a simple tool that allows
governments to discard measures
that are inappropriate today and
prioritize others based on simple
weights can support the design of
arecovery plan.

Using existing development plans
as an initial menu of options for
screening has its advantages.

It would ensure that selected
interventions meet short-term
needs by immediately creating
appropriate jobs. At the same
time, the fact that all considered
measures were already included
in long-term plans—whether
national development plans,
NDCs, or resilience plans—would
ensure that the stimulus package
generates long-term benefits
that go beyond immediate needs.

Source: Fargher and Hallegatte (2020).

TABLE B4.1 >>

Budget cut-off analysis of interventions in Fiji CVA

Housing microfinance (5-year loans) to retrofit existing houses and
construct new houses to approved designs and standards

Housing and !
land use |

Community-level investments for improved ecosystem resilience,
Phasel

Progressive structural upgrading of all remaining schools and
health facilities not affected by Tropical Cyclone Winston, Phase |

Health and !
education !

B =Top 10%

0= Middle (10%-90%)

O=Bottom10%

O= Decarbonization interventions with 0%

Notes: ST= short term, LT= long term, R= resilience, D= decarbonization
Score weight used for illustrative purposes: ST=1, LT=0.5, R=0.5, D=0.5
* represents 20% of total intervention costs
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ACTION A.3 >>

Set concrete sector-level targets to
guide implementation by line ministries

The transport, energy, water, environment, social protection, and other ministries
will implement and fund most adaptation and risk reduction interventions, and
local authorities will also be important players. For example, a national adaptation
and resilience strategy can aim to revise 50 percent of all land use plans to account
for climate change by 2025, and 100 percent by 2030. But it would be down to local
authorities to implement these targets, under the supervision of the ministry in
charge of land use.

Governments can identify sector-level targets for 2025 or 2030 for each of the
actions outlined in this guide, and include these in their strategy, leaving detailed
policy implementation for achieving the targets to the relevant ministries. These
targets are also often introduced through a climate change framework law (see
World Bank 2020b).

Targets already set include Singapore’s long-term adaptation target of a tenfold
increase in desalination capacity to meet 30 percent of long-term water needs by
2060, Vietnam’s objective of at least 90 percent of socioeconomic development
plans having integrated disaster risk management and climate change adaptation
by 2030, and Samoa’s requirement that 100 percent of new buildings be climate-
resilient by 2020.

Having a representative body such as parliament approve a list of indicators and
targets could significantly improve ownership and accountability and strengthen
the strategy’s authority. It could also help institutionalize a formal and regular
reporting process. Such an open process can ensure transparency and may facilitate
public acceptance of less popular measures. For illustration, Annex 1 offers a list of
concrete indicators that could help track the actions identified in this note.
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ACTION A.4 >>

Screen all public policies and
expenditures for disaster and
climate risks, and align them
with adaptation targets

Adaptation measures can only be cost-effective if all investments and planning
decisions consider climate-related risks in their design. To mainstream adaptation
measures in this way, governments must systematically screen relevant policies
and expenditures—even those without an explicit adaptation or climate rationale—
to avoid any negative effects on adaptation objectives. If they find that a policy or
expenditure has a negative impact on adaptation objectives, then decision makers
should ensure that the benefits exceed the costs and account for any negative
climate change impacts.

The value of mainstreaming explains why countries implement wide-ranging
laws to support climate change and disaster management (World Bank 2020b). For
example, the Philippines’ Climate Change Act 2009 puts in place a comprehensive
framework for integrating climate change with disaster risk reduction, in
policy formulation, development plans, poverty reduction strategies and other
development tools.*'

The priority is improving public investment management (PIM) to include specific
actions and controls that will ensure public investments are consistent with
adaptation strategy objectives and consider disaster and climate risks. To help
governments do this, multilateral institutions are adapting their assessments of
PIM systems that inform the design of institutional reforms and capacity building
initiatives. The World Bank assesses critical features of PIM systems across the
project cycle. The IMF’s PIM assessment follows a similar approach, with the
addition of planning and monitoring financial assets. But these assessments do not
explicitly address the institutional arrangements needed to support integrating
climate change into PIM.

The World Bank is currently testing a simple assessment tool that integrates
disaster resilience features. Further work is needed to integrate the features
described above, thus putting greater emphasis on climate in investment policy
and planning, land use planning, regulation use, screening for environmental
and transition risks, climate-responsive economic appraisal, asset management
and results reporting. The ultimate goal is mainstreaming climate change
considerations in PIM across all institutions.

Multiple tools are in place to help governments conduct such a screening process.
These include the World Bank-International Finance Corporation’s climate
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risk screening tools,*> which governments can use systematically when making
decisions. These tools help project development teams assess possible climate
change or natural disaster-linked threats to their projects and identify possible
interventions and options for reducing risks and increasing resilience.

Many institutions have produced guidance notes for different sectors. USAID’s
Sector Environment Guidelines and Resources include information on how to
reduce project vulnerability to climate change in 21 sectors.** The International
Hydropower Association—with financial support from the European Bank for
Reconstruction and Development, the World Bank Group and its Korea Green
Growth Trust Fund—has also produced a guide to help investors, owners and
developers make informed decisions about how to plan, build, upgrade and operate
hydropower systems in the face of increasingly variable climatic and hydrological
conditions.* One option for governments is mandating the use of such screening
tools or guidance for all investment projects, to ensure project design and appraisal
considers disaster and climate risks.

As one of the pillars of its Adaptation and Resilience Action Plan, the World Bank
Group is developing a resilience rating system, which aims to ensure investors,
government officials, World Bank Group teams and other decision makers are aware
of the risks associated with projects and can make informed decisions on whether
a project’s expected benefits exceed the risks it creates or is exposed to. The rating
asks whether the project is likely to underperform compared with expectations.
Here, “underperforming” is used in relative, rather than absolute, terms. As part
of this process, the World Bank Group is producing a series of guidance notes on
necessary screening and risk assessments for different categories of projects.

Over the next years and decades, the tools available for mainstreaming climate
change adaptation and resilience into all areas of government intervention will be
improved and simplified. However, there is no time to lose. Governments should
start using the available tools today, updating them as learning about climate
change risks improves.
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ACTION A.5 >>

Allocate appropriate funding
to the adaptation strategy

After preparing an adaptation and resilience strategy, the next step is ensuring it
is appropriately funded. A small budget for an adaptation and resilience plan may
be necessary, especially for monitoring and evaluating progress. But most funding
needs are in sectoral interventions—for example, more resilient roads, investments
in irrigation, financial protection instruments, and so on. There are two ways of
funding these interventions: through dedicated funds or sectoral budgets.

Some countries have created dedicated funds, with the mandate of funding
investment in resilience or climate change (adaptation and/or mitigation). Such
funds draw on various sources, including state budget and foreign aid, to finance
resilience projects. Bangladesh’s Climate Change Trust Act 2010, for example,
created a Climate Change Trust Fund as the designated mechanism to fund actions
to address the adverse impacts of climate change.** Tuvalu’s Climate Change
and Disaster Survival Fund Act 2015 also created a fund to provide vital services
to reduce climate change and natural disasters risks.*® And Guatemala’s 2013
Climate Change Framework Law created the National Fund for Climate Change
to support natural risk management plans, programs and projects for climate
change adaptation, mitigation, capacity building, payment for ecosystem services
for carbon sinks, and others.

To simplify processes, promote synergies within each sector, and ensure
consistent action, however, it may be preferable for most adaptation and
resilience funding to come from sectoral budgets rather than a specific budget or
fund. For example, if transport system resilience investments can be funded by the
transport infrastructure budget without relying on a dedicated resilience fund, it
would help ensure that investments in the transport system and investments in
the resilience of the transport system are as consistent and synergetic as possible.
And rather than having to establish new institutions or funds, governments would
only need to ensure that existing ministries have the mandates (Action A.2) and
budgets they need.

When adaptation and resilience spending is funded by the general budget, rather
than a specific fund, assessing the resources spent can be challenging. One way
of monitoring and reporting on this spending is through budget tagging or
expenditure reviews (toolbox L). Such tools can help track resources invested and
ensure consistency across the different areas of government intervention, and
thus also across budget expenditures.

These tools can also help identify disincentives for resilience created by the
tax system and thus support the reallocation of resources to ensure adaptation
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and resilience needs can be financed. This could include agriculture, water
consumption, or fossil fuels subsidies, which tend to reduce populations’
resilience by increasing water scarcity, damaging ecosystems and their services,
and increasing local air and water pollution. While such subsidies have often been
implemented to help populations access food, water, and energy, they tend to
benefit the richest, who consume more energy and water. Their negative side-
effects also mean that populations would likely benefit more if resources were
directly distributed through cash transfers or reallocated to resilience—for
example, by boosting social protection systems, as done in Indonesia and Jordan,
or investing in infrastructure to provide universal access to basic services.

Do sectoral budgets need to be increased to account for climate change and natural
risks, and allow for more resilience? Making infrastructure more resilient often
increases upfront costs at the investment stage. Looking at transport, energy, and
water systems, Hallegatte et al. (2019) estimate this additional cost as being on
average around 3 percent of baseline upfront costs for new investments across
countries. Where retrofitting is necessary, budgetary needs can be much higher.
In extreme cases, where some strategic retreat is required, such as moving away
from places where risks are becoming too high or too expensive to reduce, it may
be necessary to invest in new infrastructure, which means a cost equivalent to
100 percent of the infrastructure value. In such situations, budgets would need to
increase. If they do not, adaptation and resilience investments will take place at
the expense of other investments and policy priorities.

But these higher upfront costs will pay off in the long term, and many of the
interventions in a national adaptation and resilience strategy would pay for
themselves. By definition, adaptation and resilience interventions are designed
to reduce the future costs of disaster and climate change. Well-designed
interventions should thus have positive NPVs, as the value of reduced disaster
and climate change losses will be higher than the costs. An example of such
cost-efficiency is the set of options to strengthen and increase the resilience of
infrastructure systems suggested in the World Bank’s Lifelines report: each $1
invested in these measures is expected to reduce future socioeconomic losses by
$4 (Hallegatte et al. 2019).

But even a cost-effective investment in adaptation and resilience can be difficult to
fund and to finance. Many countries with high vulnerability to natural hazards and
climate change already have high debt levels (Feyen et al. 2020); and government
responses to COVID-19 are bound to leave them with even larger debts. High debt
makes it challenging for governments to finance investments—for resilience or any
other purpose. But constraints on investment capacity also tend to make countries
more vulnerable, increasing their debt level every time a disaster forces them to
invest heavily in reconstruction. This is one reason why the IMF proposed in a recent
staff paper that vulnerable countries develop comprehensive disaster resilience
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strategies in consultation with development partners and other stakeholders, to
facilitate donor coordination and make it easier to decide on the value of various
investments in a context of high risk and high vulnerability (IMF 2019).

In addition to general constraints on investments, not all benefits from adaptation
and resilience investments can be readily transformed into a financial flow, which
could be used to reimburse a loan, for example. First, benefits tend to be far in
the future—sometimes farther than the borrowing time horizon. And second,
transforming avoided losses into an actual cash flow is complicated. Unlike
monetary benefits—for example, from a toll road—it is difficult to monetize
avoided losses or gains in well-being from better health or quality of life and
transform them into a financial flow that can be used to finance the upfront cost.
In such cases, financing adaptation and resilience investments needs to rely on
general taxation, rather than the direct benefit of each investment.
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TAKING ACTION >>
Toolbox L

Expenditure
reviews and
budget tagging

N
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V)

Climate change public
expenditure and institutional
reviews (CPEIRs) use

tagging to identify climate
change-related activities and
expenditures and, in some
cases, quantify the funds
allocated in support of climate
policies. They typically cover
climate change mitigation

and adaptation, and inclusion
of disaster risk management
varies by country. In low- and
middle-income countries,
they are often prepared by
international organizations

in collaboration with central
finance agencies to assess
policy alignment, effectiveness,
and efficiency in public
spending. Early examples
include World Bank CPEIRs
for Morocco, Philippines and
Vietnam and United Nations
Development Programme
(UNDP) CPEIRs for Bangladesh,
Nepal and Cambodia. There

is no standardized tagging
methodology for CPEIRs;
most use variations on the
OECD’s Rio Markers*” and
multilateral development bank
(MDB) methodologies.*® The
World Bank’s 2013 CPEIR
Sourcebook*® provides an
overview of the issues and
methodology for conducting
CPEIRs.

Budget tagging is the practice
of identifying climate-relevant
activities and expenditures

as part of the routine, annual
budget process. Developing
countries have led the way in
budget tagging methodology
development, often building
on tagging undertaken in
CPEIRs. The Philippines,
Bangladesh, Indonesia, Nepal,
and Cambodia were among
the first; they have been
joined more recently by Kenya,
Pakistan, Ghana, and Uganda.
UNDP’s 2019 Knowing What

You Spend: A Guidance

Note for Governments to
Track Climate Finance in

their Budgets®® summarizes
experience from seven
developing countries and
provides a step-by-step guide.

In parallel, several OECD
countries have developed
tagging methodologies. The
US Congress has required
appropriations bills to
identify funds addressing
climate change since 2010.
The European Commission
applied EU climate markers—
based on the Rio Markers—
to track climate finance
commitments in its 2014-
2020 programming period.
More recently, Ireland and
France have developed budget
tagging methodologies.

Defining climate
relevance

There are three broad
approaches to defining
climate-relevant activities and
expenditures.

The positive list approach
comprises a standardized set
of activities that are eligible for
tagging regardless of country
context. Green bond standards
and MDB methodologies use

a positive list for defining
mitigation activities, but none
of the methodologies use it to
identify adaptation activities.

The objective approach

tags activities where the
objective is achieving climate
outcomes. Activities that
reduce vulnerability of
human or natural systems to
climate impacts by increasing
resilience are tagged as
adaptation related. Given that
many development activities
can increase resilience,
adaptation activities must



also identify and state the
intent to address specific
climate risks, vulnerabilities
and impacts, and demonstrate
adirect link between these
and their proposed activities.
The Rio Markers methodology
for mitigation and adaptation
apply this approach, which
has also been adopted by the
MDB Joint Methodology and
EU Taxonomy for identifying
adaptation activities.

Most of the CPEIRS and

many budgeting tagging
methodologies are objective-
based and usually use some
variation on the Rio Markers
methodology.

The policy alignment
approach tags activities that
are aligned with national
climate change policy. Some
methodologies only tag
activities that are identified
in climate change policy
documents—for example, in
Bangladesh, only programs
and thematic priorities
identified in the Bangladesh
Climate Change Strategy and
Action Plan are tagged as
climate-related, while in the
Philippines, expenditures are
tagged to policy initiatives
under the National Climate
Change Action Plan and Risk
Resilience Program. Other

methodologies allow agencies

to self-assess the policy
alignment of climate-related
activities and expenditures
based on sector climate
change policy.

The simplest approach
assumes that all expenditures
related to a tagged activity
are climate-related. This

is the measurement
approach used by green

bond standards. Budget
tagging methodologies can
also be used to assess the

proportion of expenditures
that are climate-relevant. They
typically use three or five-step
classification ranging from
“not relevant” to “strongly
relevant” with corresponding
weights expressed as
percentages of total program
or project cost.

It is also possible to

estimate the proportion

of expenditures that are
climate-related, based on the
cost of a program or project’s
climate-related activities.
This approach, applied in the
MDB methodology and in
some World Bank CPEIRs,
recognizes that activities with
a development purpose can
also contribute to achieving
climate change objectives.
Calculating incremental costs
would require comparison
with a counterfactual program
or project design that does
not include climate-related
activities.

Tagging approaches
Different tagging approaches
have different coverage.

» The expenditure approach:
The Rio Marker, MDB and
green bond methodologies
were all designed to tag
projects. This is relatively
straightforward: projects
typically have supporting
documentation that details
objectives, activities, costs,
and results. Tagging current
expenditures is only feasible
if the budget has a program
classification, ideally
with some breakdown
by subprogram, project,
activity, and outputs.

» The tax expenditure
approach: Recent
assessments by France
and Finland identified tax

expenditure as animportant
instrument for financing
climate policy and the main
instrument for financing
expenditure with adverse
climate impacts. Where tax
expenditures are reported in
budget documentation, they
can be tagged following

the same principles as
expenditures executed
through the budget

process. This is particularly
important to identify tax
expenditures— like many
agricultural or energy
subsidies—that have a
negative effect on resilience.
However, most low- and
middle-income countries do
not systematically report on
tax expenditures.

The off-budget
expenditure approach:
Explicit subsidies are direct
payments that can be
identified as expenditures
in budget documents and
financial statements and so
can be tagged as climate-
relevant.

The tax revenue approach:
Taxation is an essential tool
for climate change policy. It
can also help address other
market failures such as

the degradation of natural
landscapes or inappropriate
land use in areas that are
subject to disaster risk.
Tagging can support these
policies by identifying
taxation that has a climate-
change related objective
and supporting the notional
earmarking of climate-
related revenues to climate-
related expenditures.

The subnational
government approach:
These important actors
in adaptation and
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TAKING ACTION >> Toolbox L

resilience also account

for a substantial share

of expenditure in most
countries, averaging

just over 10 percent of
public expenditure in
low-income countries

to nearly 40 percentin
high-income countries.
Usually assigned critical land
use management, urban
services, transport, and
water and environmental
management functions,
they are often the first line
of defense in dealing with
disasters. Budget tagging
can capture climate-related
transfers between central
and subnational government
where these are earmarked
for specific purposes or

tied to specific programs. In
some countries, subnational
governments have taken the
initiative in launching climate
budget tagging. Odisha
state, for instance, prepared
India’s first climate budget
for FY2020.

The state-owned enterprise
approach: Given their role

in strategic industries and
the energy, water, and
transport sectors, SOEs

are key players in climate
policy, so central finance and
planning agencies will need
to integrate them into their
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mitigation and adaptation
policies.

The purposes of tagging
Anecdotal evidence suggests
that tagging successfully
serves several purposes,
including:

» Awareness raising and
communication: Tagging
raises awareness of climate
change risks, vulnerabilities,
and policies within
government and across
external stakeholders
by forcing government
agencies to consider the
link between resource
allocation choices and
climate priorities.

» Resource allocation:
Tagging informs the
allocation of resources in
line with climate change
policy objectives. This
information can influence
program and project design
if there is a feedback
mechanism. Tagging alone
is unlikely to influence,
much less drive, resource
allocation.

» Resource mobilization:
Tagging supports
resource mobilization by
channeling finance from
ethical investors. Early

expectations that budget
tagging could be used to
mobilize climate-related
budget support from
sources such as the Green
Climate Fund have not
materialized.

» Fiduciary: Green bond
standards provide
assurance that funds are
applied for the purpose
intended by requiring
definition of eligible
programs and projects,
independent verification
of eligibility, segregation
of funds, independent
audit, and impact reporting.
Fiduciary concerns would
arise in the context of
budgeting if there are
statutory allocations
for climate-related
expenditures.

» Accountability: Tagging
can be used to monitor
financial commitments in
national policy statements
and international treaties.
Broader concepts
of accountability for
results would require the
presentation of information
on climate-related impacts
alongside financial
information.

Source: Adrian Fozzard, Xenia Kirchhofer, Wei-
Jen Leow and Onur Erdem.



ACTION A.6 >>

Track progress over time, and
review and revise the strategy

Tracking progress is key. Without systematic and rigorous M&E, it is impossible
to know whether an adaptation strategy is successfully mitigating climate and
disaster risks. Continuous tracking of sector-specific progress indicators can
highlight any sectors where implementation lags behind (Action A.3). Likewise,
sectors that consistently meet implementation indicators may yield important
lessons that can help strengthen approaches in other sectors. Overall, tracking
progress across a range of indicators for each of the actions outlined in this note
will enable decision makers to provide regular and consistent progress updates and
to communicate residual risks in a transparent manner.

Revising the strategy should be part of the strategy itself. Every strong adaptation
and resilience strategy can be further strengthened as new challenges and insights
become apparent over time. If targets and milestones are missed, implementation
challenges—such capacity or resource constraints, or coordination failures
between implementing bodies—may become apparent that were not accounted for
in the initial strategy design. In such cases, revising institutional arrangements or
prioritizing alternative approaches can help bring implementation back on track.
By allowing flexibility, course corrections and adjustments can be programmed as
integral elements of the strategy, rather than regarded as admissions of failure.

Such strategy revisions are also likely to become necessary as new challenges
and risks arise. For example, the COVID-19 pandemic forced many governments
to reevaluate their approach to emergency management, not least in areas
such as evacuation planning. Indeed, as this guide emphasizes, there are many
uncertainties regarding the future impacts of climate change—especially at
macroeconomic level—and the performance and effectiveness of resilience
measures. New solutions and technologies are also likely to become available that
will allow resilience actions to be implemented in more targeted or cost-effective
ways. For example, scientific advances may enable us to anticipate future climate
change challenges in more robust ways.
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Annex 1

lllustrative list of indicators and
actions outlined in this guide

= 2020 2025 2030

NS/ Baseline Short-term target Medium-term target

Foundations: rapid, robust, and inclusive development is the first priority

ACTION F.1 >> Increase economic productivity and growth, while keeping buffers for shocks
» Average productivity growth

» Economic growth

» Debt/GDP ratio

» Structural deficit

ACTION F.2 >> Ensure that economic growthis inclusive

» Poverty headcount

» Change in poverty headcount (last five years)

» Growth inincome of bottom 40 percent

» Average income of farmers

» Percentage of farmers with access to fertilizers or improved seeds
» Average share of household budget spent on food and beverages
» Access to modern energy

» Number of power outages per year

» Access to improved water

» Number of water outages per year

» Access to sanitation

» Share of population with a bank account

» Share of population covered by social protection

» Total social protection spending

P

» Number of conflict-related deaths in the last year

» Share of population with health care coverage

ACTION 1.1 >> Assess disaster and climate risks, and make the information available

Number of weather or hydrological observation stations operational in the country

Real-time availability of hydromet observations

Time series of hydromet observations are freely available

Percentage of country covered by high-resolution digital terrain model

Percentage of country covered by high-resolution hazard maps for current and future risks, with multiple scenarios

Risk assessment for main economic sector done and publicly available (including opportunities where competitive
advantage may improve)

Data platform providing easy access to hazard and climate change scenario data

Guidance materials and methodologies available to users on how to access and include disaster and climate information in
decision making
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7=\ Indicator 2020 2025 2030

SQ or target

Baseline Short-term target Medium-term target

ACTION 1.2 >> Clarify responsibilities and align incentives with adaptation and resilience objectives
» Law allocating responsibilities and liabilities for disaster risk management and climate change impacts passed
» Target level of residual risks published and publicly available (for example, through residual flood risk maps)
» Specialized agencies to manage watershed-level water sharing established
ACTION 1.3 => Facilitate access to technologies, through R&D investments and trade policies
» Share of farmers using improved crops and climate-smart practices
» Share of R&D (or percentage of patents) related to climate change adaptation
» Total amount invested in R&D on adaptation- or resilience-related challenges
» Amount invested by the public sector in R&D on adaptation- or resilience-related challenges
» Amount invested by the private sector in R&D on adaptation- or resilience-related challenges
» Average tariff applied to imports of resilience-related technologies
ACTION 1.4 >> Ensure financing is available to all, and provide support to the poorest and most vulnerable people
» Number of firms/people accessing dedicated financing instruments (for example, guarantees, subsidized loans)
» Total borrowing for adaptation through dedicated windows

» Most vulnerable populations and communities (occupations, localizations, poverty, ethnicity, and so on) identified and
information published

» Share of poor and vulnerable population receiving support for adaptation
» Total subsidy/spending targeting poor and vulnerable populations to support adaptation action
ACTION 1.5 >> Facilitate structural change in the economic system

» Strategy to manage the decline of negatively affected sectors published

Strategy to support the development of nonaffected or positively affected sectors published

Share of GDP in sectors expected to be negatively affected

Share of GDP in sectors expected to be positively affected

Share of employment in sectors expected to be negatively affected

Share of employment in sectors expected to be positively affected

Share of exports in sectors expected to be negatively affected

Share of exports in sectors expected to be positively affected

Measure of economic diversification (for example, number of exported products) or latent diversification

Priority Area 2: Adapt land use plans and protect critical public assets and services

ACTION 2.1 >> ldentify critical public services and assets
» Critical infrastructure and services identified

» Inventory of public assets and infrastructure prepared, including hospital, school, and university buildings, their condition,
exposure to hazards, and maintenance history

» Gaps ininfrastructure and public assets identified
» Investment plans to increase the resilience of public services and infrastructure systems completed

ACTION 2.2 >> Designandimplement a government-wide strategy to increase the resilience of infrastructure and public
assets

» Strategy to manage critical assets and infrastructure approved and published
» Agency in charge of coordinating resilience of critical assets and infrastructure created and operational
» Asset management systems with evidence-based maintenance plans in place

» Construction standards for infrastructure and building updated, accounting for local hazards and criticality, and
enforcement mechanism in place
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S\ Indicator 2020 2025 2030

SQ or target

Baseline Short-term target Medium-term target

» Expected recovery time for critical infrastructure systems (power, transport, water) after a major event
» Revised legal framework to allocate risks across stakeholders (including in PPP and buildings)
» SOEs have included climate change in their strategy and decision making

ACTION 2.3 >> Reviseland use and urban plans to make them risk-informed

» Percentage of country/municipalities with revised land use or urbanization plans that include current and projected
hazards

» Share of population living in (or relocated from) high-risk areas

» Share of population living in fragile buildings or retrofitted fragile buildings

» Strategy or specific regulations regarding the use of nature-based solutions approved

» Areas impossible or too costly to protect against climate change impacts identified and communicated to the public

» Regulation mandating provision of climate and hazard information to buyer in real estate markets

Priority Area 3: Help firms and people manage residual risks and natural disasters

ACTION 3.1 >> Save lives (and money) with hydromet, early warning, and emergency management systems
» Daily weather forecasts produced by the hydromet agency and easy-to-communicate alert system in place
» Communication channels to efficiently communicate early warnings to the population and emergency services are in place
» Average error in early warning (both missed events and false alarms)
» Share of population with access to early warning systems
» Share of population covered by evacuation plans
» Capacity of shelters
» Average distance to closest shelter

» Capacity of emergency services (for example, number of emergency medical service units, trained health emergency
professionals)

» Duration communities can operate safely and independently (water and food storage, medicine, and so on)
» Number of disaster drills performed

ACTION 3.2 >> Provide all firms and households with risk management instruments
» Overall strategy to manage residual risks and disasters prepared and approved

» Coordination mechanism in place between the various preparedness actors (for example, ministry of interior for crisis
management, social protection, ministry of agriculture for food security and agriculture, ministry of finance)

» Fraction of population covered by at least one financial instrument to cope with shocks (for example, insurance, social
protection, or access to emergency borrowing)

ACTION 3.3 >> Develop the insurance sector, building on PPPs

» Share of population with disaster insurance

» Share of population with access to emergency loans from financial institution

» Share of population receiving remittances

» Share of population with financial savings (in a bank account)
ACTION 3.4 >> Build asocial protection system that is responsive to shocks

» Share of population covered with social protection

» Stress test of existing systems completed, including delivery mechanisms

» Contingent plan to scale up social protection systems developed and approved

» Share of population in social registry (including potential beneficiaries in case of scale-up)

» Delivery mechanism in place (for example, bank account for each household in the registry)
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7=\ Indicator 2020 2025 2030

SQ or target

Baseline Short-term target Medium-term target

ACTION 3.5 >> Help firms develop BCPs and financial preparedness

» Fraction of firms with BCPs

» Number of area-based BCPs

» Fraction of firms with disaster insurance coverage
ACTION 3.6 >> Be prepared to build back better after disasters, with contingency plans and financing

» Resilient recovery and reconstruction plans, with revised land use and standards, ready for implementation

» Pre-approved contracts for emergency interventions (for example, debris removal) or reconstruction (for example, road
repairs) approved, with enhanced standards

ity Area 4: Manage financial and macrofiscal issues

ACTION 4.1 >> Include contingent liabilities from natural disasters and environmental shocks into the planning and
budgeting process

» Risk to public asset and corresponding contingent liabilities assessed
» Emergency and social protection spending needs and corresponding contingent liabilities assessed
» Explicit and implicit contingent liabilities quantified and included in budget documents
» Risk to GDP and tax revenues estimated and included in budget documents
ACTION 4.2 >> Develop afinancial strategy to manage contingent liabilities, combining multiple instruments

» Percentage of explicit and implicit contingent liabilities covered by an instrument such as reserve funds, contingent credit
lines, and insurance products

» Disaster escape clause in budget processes approved

» Process in place to manage inflow of international aid in case of major disaster, including using existing financial
instruments to coordinate delivery

» PD-PFM Review conducted and approved
» PD-PFM principles and processes approved
ACTION 4.3 >> Anticipate and plan for long-term macroeconomic impacts

» Sector-level adaptation plans collected, harmonized, and costed, and estimate of public adaptation spending needs
produced

» Long-term plan to diversify tax revenues away from vulnerable sectors approved
» Share of tax revenues originating from high-vulnerability sectors
» Climate and disaster impacts included in debt sustainability assessment or financial sector assessment program

ACTION 4.4 >>Communicate and mitigate the disaster and climate risk exposure of the financial sector and pension
systems

» All banks, insurers, and large investor regulations include specific disaster and climate risks requirements

» All banks, insurers, and large investors conduct stress tests for climate and disaster risks, including at least two climate
scenarios

» All banks, insurers, and large investors required to provide a quantified estimate of their exposure to natural hazards
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Annex 2

Example of indicator-based
identification of policy priorities

This annex illustrates the options discussed in toolbox A and shows how to use
widely available indicators, such as the World Bank World Development Indicators,
to identify priorities for action to build adaptation and resilience.

Not all indicators are available for every country and every year, so the country-
level analysis has to adjust to data availability. The figures in this annex highlight
specific vulnerabilities for some countries. The gray dots represent the full set of
countries for which the indicator is available. The countries that are identified
by other colors are discussed in the text and used as illustrations for specific
vulnerabilities (or lack thereof).

FIGURE A2.1 >>

Income growth of the bottom 40 percent vs. the whole population
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Source: World Bank World Development Indicators.
Notes: Gray dots represent all countries with available data. Red and yellow dots denote Mozambique and Honduras, respectively.

A2.1 >>Is growth rapid, robust, and inclusive?

Figures A2.1and A2.2 illustrate how simple benchmarking can inform an analysis
of economic growth and its inclusiveness and impact on poverty headcount
or poverty gap. In figure A2.1, Honduras (yellow dot) has a negative income
growth, suggesting it cannot reduce poverty and population vulnerability without
first improving its basic economic performance. Mozambique (red dot) has
an impressive aggregate income growth, but only a 2 percent growth rate for
the bottom 40 percent, suggesting that growth is not inclusive, so population
vulnerability could be reduced much faster. In figure A2.2, Ethiopia (red dot) has
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grown its economy by 43 percent in five years but has not reduced the poverty gap.
This suggests that poor people are not benefiting from aggregate growth and are
likely to remain highly vulnerable unless growth is made more inclusive.

FIGURE A2.2 >>
Change in poverty gap vs. change in per capita GDP, 2006-2015

Change in poverty gap from 2006-2010
to 2011-2015 (%)

Change in GDP per capita from 2006-2010 to 2011-2015 (%)

Source: World Bank World Development Indicators.
Notes: Gray dots represent all countries with available data. The red dot denotes Ethiopia.

A2.2 >> The vulnerability of farmers and food security

Farmers’ productivity, income and access to inputs and improved seeds are critical
aspects of climate change vulnerability in many poor and rural countries. Here
again, simplebenchmarking exercises using the World Development Indicators can
provide insight about the vulnerability of farmers. Figure A2.3 shows that Angola
(red dot) has low agricultural productivity, with only $1,700 of agricultural GDP
per employed person in agriculture (y-axis), compared to national per capita GDP
of $6,000 (x-axis). That Angola is below other countries with similar per capita
GDP suggests that there is potential to increase agricultural productivity, which
would reduce farmers’ vulnerability to disasters and the effects of climate change.
Other indicators—such as percentage of crop land with irrigation or fertilizers and
improved seed use—can offer similar indications of farmer vulnerability and help
identify opportunities for action.

But climate change impacts on agriculture do not only affect farmers. Food price
increases can threaten food security, especially where people already spend a large
share of their income on food or consumers are not well connected to regional and
world markets and depend on local production. Figure A2.4 shows how available
indicators can help identify countries that are particularly vulnerable to spikes
in food prices, due to the large share of comestibles in the average consumption
basket. In El Salvador (red dot), for example, food and beverages represent more
than 60 percent of the average consumption basket, suggesting a high vulnerability
to changes in food prices.
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FIGURE A2.3 =>>

Agricultural GDP per employee, 2017
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FIGURE A2.4 >>

Share of food and beverages in the average consumption basket, 2017
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Source: World Bank World Development Indicators.
Notes: Gray dots represent all countries with available data. The red dot denotes El Salvador. GDP is expressed as 2011 international $ in PPP.

A2.3 >> Infrastructure services

Existing infrastructure access indicators can help highlight population
vulnerabilities. For example, figure A2.5 shows that Mongolia (red dot) provides
access to electricity and improved water to a lower proportion of its population
than other countries at the same income level (Mongolia is not in the bottom panel
because data on sanitation is lacking). This will be a driver of vulnerability. A lack
of improved water and sanitation, for example, makes people more vulnerable to
the health impacts of climate change, such as higher frequency of water-borne
disease and diarrhea (Hallegatte et al. 2015).

Even when there is access to infrastructure services, their quality and reliability

is unequal worldwide. The frequency of disruptions is generally closely linked to
the level of economic development. Using per capita GDP as a proxy, Figure A2.6
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shows electricity and water outages in 137 countries. Infrastructure disruptions cost
households and firms in low- and middle-income countries $391—647 billion a year.
Although disruptions have a wide range of causes—including poor maintenance,
mismanagement, and underfunding—case studies suggest that natural hazards
cause 10—70 percent of all disruptions, depending on sector and region.

FIGURE A2.5 >>

Common indicators of infrastructure access: electricity, water, and sanitation, 2017
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FIGURE A2.6 >>

Monthly electricity and water outages worldwide

a. Number of electricity outages per month b. Number of water outages per month
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and does not include the eight countries (all with per capita GDP below $9,000) that reported 30-95 outages a month.

A2 .4 >> Financial inclusion, macrofiscal

risks, and socioeconomic resilience

Socioeconomic resilience is a population’s ability to cope with and recover from
shock and adapt to changes (Hallegatte et al. 2016b). Widely available databases,
such as the World Bank’s Findex®' and Aspire,? provide data about financial inclusion
or social protection coverage that can inform on a population’s socioeconomic
resilience. Figure A2.7 shows three indicators for financial inclusion, health care
coverage, and social protection coverage. While Indonesia (red dot) is level with
its peers for social protection coverage and financial inclusion, it clearly lags on
health care coverage. This could therefore be an area of progress for building the
population’s resilience.

Figures A2.1-A2.7 show how using simple indicators can help countries identify
their vulnerabilities to climate change and natural disaster, highlighting
opportunities to build resilience through development and growth. More
sophisticated analyses are possible in each dimension. For example, a full analysis
of social protection should go beyond coverage and consider a system’s targeting,
generosity, and ability to respond to shocks (see Priority Area 3).
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Sample indicators for socioeconomic resilience: looking at financial inclusion, health care coverage, and

social protection coverage

FIGURE A2.7 >>
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Effective action on resilience and climate change adaptation can be a complex task—
requiring coordinated efforts from the highest levels of government to individual households
and firms. The Adaptation Principles offer a guide to effective climate change adaptation,
containing hands-on guidance to the design, implementation and monitoring of national
adaptation strategies. It specifies six guiding principles, which correspond to common
policy domains:

Ensuring resilient foundations through rapid and inclusive development;

Facilitating the adaptation of firms and people;

Adapting land use and protecting critical public assets and services;

Increasing people’s capacity to cope with and recover from shocks;

Anticipating and managing macroeconomic and fiscal risks;

Ensuring effective implementation through prioritization and continuous monitoring.
While outlining these universal Adaptation Principles, this guide shows that each country
needs to tailor these actions to its specific needs and priorities. To guide this process,
Adaptation Principles offers concrete and practical tools: Screening questions to identify
the most urgent and effective actions, toolboxes illustrating common datasets and
methodologies to support decisions, indicators to monitor and evaluate progress, and case

studies on how the COVID-19 pandemic influences priorities in taking effective adaptation
action.
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