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EXECUTIVE SUMMARY
This policy brief aims to enhance understanding of the key features of
planning, developing, operating, and maintaining resilient and inclusive
infrastructure. This brief highlights the gaps in current approaches
to infrastructure development and suggests potential pathways to
bridging these gaps.

The disastrous impacts of the COVID-19 pandemic on
both populations and economies have demonstrated
the need for more integrated and resilient infrastructure
systems, particularly those supporting key services
related to health, education, transport and ICTs. As
countries recover from the pandemic, climate change
is an ever-present threat that is rapidly increasing the
disaster risk uncertainties in the region. The increasing
complexities, system and global interdependences
and convergence of this disaster-climate-health nexus
underlines the shortfalls of much of our existing
infrastructure and highlights the importance of
ensuring that planned investment in infrastructure is
as effective as it can be. To maximize the economic
and social benefits derived from infrastructure, current
and future investments have to be risk-informed, and
resilient (particularly in relation to climate change), and
foster inclusion. Resilient and inclusive infrastructure
is crucial for meeting the targets of the Sendai
Framework for Disaster Risk Reduction (SFDRR), and
is key to economic prosperity, social inclusiveness and
environmental sustainability that is central to the 2030
Agenda for Sustainable Development.
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Systemic gaps in current infrastructure are
not conducive for inclusion and resilience
Although the Asia-Pacific region has shown
tremendous progress in infrastructure development,
systemic gaps exist which have been exposed during
the COVID-19 pandemic, particularly when struck by
various climate-related disasters, in 2020 and 2021,
such as Cyclone Nisarga, Cyclone Amphan and
Cyclone Yaas. In this vein, this policy brief highlights
that the sole focus on economic growth for many
infrastructure investments may have left a number of
vulnerable groups behind. Limited data on climate and
disaster damage and losses, either direct or indirect,
together with insufficient information about the impact
on society due to disruptions in services caused
by failed infrastructure, during and after disasters,
has exacerbated such challenges. Furthermore, the
resilience of infrastructure has been weakened due to
lack of systemic thinking, integrated planning across
multiple stakeholders, and comprehensive multihazard risk assessment, when planning and developing
infrastructure and preparing for effective operation and
maintenance.

New approaches to infrastructure
development should address the Leave
No One Behind (LNOB) and prevention
agendas, and support resilience for
sustainable development
‘Leaving no one behind’ (LNOB) is the central tenet
and promise of the 2030 Agenda for Sustainable
Development. To this end, almost all the Sustainable
Development Goals emphasize, directly or indirectly,
the importance of inclusive and resilient infrastructure.
Similarly, the four priorities for action in the SFDRR
provide a critical framework to achieve and maintain
infrastructure which is resilient to current and future
hazards. Using these four priorities of action as
a guideline, this policy brief makes the following
recommendations:
• Build a comprehensive, multi-hazard understanding
of risk while developing infrastructure. Giving
examples, the brief emphasizes that risks cannot be
understood through a hazard-by-hazard approach.
Instead, the disaster-health-climate nexus must be
assessed using risk scenarios, which take a multihazard approach while simultaneously addressing
the existing risk drivers of poverty and inequality.
Risk scenarios need to consider the impacts of both
intensive risks, which arise from hazards that are
infrequent but have severe impacts (shocks), such
as cyclones or earthquakes, and extensive risks,
which arise from hazards that are frequent but have
relatively less severe impacts (stresses), such as
droughts or urban migration, that disproportionately
affect local infrastructure systems that provide
essential services. A comprehensive understanding
of risk will allow for risk prevention and reduction,
the inclusion of new, emerging and evolving risks,
and climate change adaptation and resilience
measures in infrastructure planning, development,
operation and maintenance.

• Strengthen risk governance. Governing bodies and
policy and legislative systems should have the
authority, legitimacy, accountability, and access to
financing, skills and knowledge in order to effectively
plan, develop, operate and maintain infrastructure
throughout its life cycle. Strong inclusive governance
and a comprehensive systems approach to building
resilient infrastructure, keeping in view the close
interlinkages between assets, knowledge and
institutions, will protect vulnerable and marginalized
groups, be gender inclusive and embrace climatefriendly technologies.
• Invest in resilience. The utilization of nature-based
solutions by mainstreaming institutional, technical
and financial resources, and the transition towards
low carbon infrastructure that aligns with the Paris
Agreement and enables countries to meet their
commitments under their Nationally Determined
Contributions (NDCs), are critical for resilient
infrastructure development. Noting that most
infrastructure finance is directed towards largescale projects, this policy brief encourages investing
in hazard and climate-resilient local infrastructure
systems, that provide essential services, such as
local road and water distribution networks and
health and education facilities. Such investments
are key in closing the missing last mile, ensuring
essential services are accessible to all, and can
generate significant social benefits.
• Adopt an evidence-based, cross-sectoral approach
to infrastructure development to strengthen
preparedness and response and recovery
mechanisms. To ensure inclusion, there must also
be a comprehensive representation of multiple
stakeholders in the planning and design process.
Furthermore, the operation, maintenance and
management of the infrastructure assets must be
planned with due consideration of the context, and
capacity of those responsible for these aspects.
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Regional cooperation, evidence-based comprehensive risk assessments
and a strong system of governance ensures resilient infrastructure
development
A proactive, human-centred approach is important when planning and developing resilient
infrastructure. Keeping this in view, this policy brief offers three key takeaways:
• Resilient infrastructure systems support essential public services and therefore their
financing needs to be led by public investments. To facilitate this, it is becoming increasingly
important to build multi-stakeholder and global partnerships between countries, UN
agencies, multilateral banks, the private sector and knowledge institutions.
• Assessments of risks should include multi-hazard, compounding event and cascading
impact scenarios. With lessons learned from the COVID-19 pandemic, considerations of
climate change together with biological hazards, like pandemics, need to be included into
risk assessments for public infrastructure projects and plans.
• Strengthening infrastructure governance is key to supporting the achievement of the
SDGs and the SFDRR. Governments should strengthen their evidence-based, risk-informed
decision-making processes to understand the gaps in infrastructure, develop a greater
understanding of their institutional systems, allocate sufficient budgetary resources or
re-allocate existing resources for disaster risk reduction, and mobilize new financing in
order to build and develop hazard and climate-resilient infrastructure. Such strengthening
of infrastructure governance is key to supporting the achievement of the SDGs and the
SFDRR.
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INTRODUCTION:

PROTECTING PEOPLE THROUGH RESILIENT
INFRASTRUCTURE
Infrastructure is the foundation for development and is key to promoting human dignity and improving wellbeing. A well-established transport infrastructure provides equitable access to food, employment, hospitals, and
other basic services. Water, ICTs and energy infrastructure are important for the health of both the economy of
a country and its people. Housing and educational infrastructure are critical for the protection and well-being of
a population, especially the vulnerable and marginalized, who are always impacted the most during a disaster
event. However, half of the infrastructure needed in Asia, by 2050, has yet to be built,1 and it is estimated that
over the next decade, annual infrastructure investments of US$ 1.7 trillion will be needed to maintain the growth
momentum, eradicate the poverty and respond to climate change.2

A resilient and inclusive infrastructure system is crucial for the implementation of the Sustainable Development
Goals and the targets of the Sendai Framework for Disaster Risk Reduction (SFDRR), and plays a key role in all
three dimensions of sustainable development: economic prosperity, social inclusiveness and environmental
sustainability. However, infrastructure development in most countries, including those in the Asia-Pacific
region, has centred mainly on the economic component, much to the detriment of the environment and social
inclusiveness of that particular country. If not appropriately planned, designed, implemented and maintained,
infrastructure can also be a burden on local communities, be a risk to lives and livelihoods, and can undermine
development gains.

Furthermore, the region’s increasing experience with extreme weather events and geophysical shocks make its
infrastructures extremely vulnerable. If the extremes in climate-related events increase marginally, infrastructure
losses will rise exponentially. Since investments in these long-term development projects have an economic life
expectancy of 30 years or more, they are sensitive, not only to the prevailing climate during construction, but also
to future climate variations. Given that an investment of around $1.7 trillion is required to develop and build new
infrastructure, it is imperative to build infrastructure that is climate resilient.

In the wake of the sweeping negative impacts of the COVID-19 pandemic, on all three dimensions of sustainable
development, it is worth contemplating on how to build back better for the future by increasing resilience to
current and future hazards and to climate change, in particular. This policy brief is designed to enhance the
understanding of policymakers and planning ministries of the key building blocks that make up resilient and
inclusive infrastructure. The brief indicates the gaps in the current approach towards infrastructure development
and highlights the potential pathways to bridging these gaps.

1

Asian Development Bank, Meeting Asia’s infrastructure needs, (Philippines, 2017). Available at: https://www.adb.org/sites/default/files/publication/227496/specialreport-infrastructure.pdf

2

Xianfu Lu, “Building resilient infrastructure for the future”, ADB Sustainable Development Working Paper Series, No. 61 (Philippines, Asian Development Bank, 2019).
Available at: https://www.adb.org/sites/default/files/publication/519821/sdwp-061-building-resilient-infrastructure-future.pdf
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I. GAPS AND
CHALLENGES
IN CURRENT
INFRASTRUCTURE
DEVELOPMENT
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Learning from the challenges faced during the

The challenges experienced from these cascading

COVID-19 pandemic, there is a need to shift our thinking

events demonstrate that the critical infrastructure, in

about infrastructure from what it is to what it does;

the Asia-Pacific region, is not ready for another crisis

protects, connects, and provides essential services.

of the degree and impact of the COVID-19 pandemic.

The pandemic has demonstrated systemic gaps in our

However, with the rapidly increasing impacts of climate

current infrastructure,3 particularly in places where the

change, more extreme events and the emergence

pandemic has intersected with other hazards. Multiple

of more novel infectious diseases is not speculative,

analyses, since the beginning of the pandemic, have

but rather inevitable. Thus, the investments in current

shown that the overlaps have led to compounding and

infrastructure, including those in digital solutions, have

cascading disasters and an inability of infrastructure to

to ensure that the economy, environment, and societies

support vulnerable populations.

are all protected and resilient to converging, intensifying

4,5

and cascading hazards.
For example, in May 2020, Cyclone Amphan, which hit
areas of Eastern India and Bangladesh, claimed over

Even before the COVID-19 pandemic, and without

100 lives and destroyed the homes and livelihoods

including climate mitigation and adaptation measures,

of thousands of families already struggling to cope

the Asia-Pacific region needed to fill an annual

with the COVID-19 crisis. While Bangladesh and

infrastructure investment gap of $1.5 trillion, over the

India are no strangers to extreme climatic events, the

next decade, to maintain its growth momentum and to

intersection of the pandemic with the cyclone created

decrease poverty rates, with half of the infrastructure

unique challenges for public infrastructure in relation

needed in Asia by 2050 yet to be built.9 Furthermore, the

to social distancing. To maintain social distancing

region’s increasing experience with extreme weather

guidelines, the space requirement in cyclone shelters

events and geophysical shocks make its infrastructures

increased from 3.5 square meters per person to 5

extremely vulnerable. If the extremes in climate-related

square meters per person,7 reducing the capacity

events increase even marginally, infrastructure losses

of existing shelters and increasing the demand on

will grow significantly. Since investments in these

newly established ones. In Kolkata, India, the cyclone

long-term development projects have an economic life

disrupted internet connections and phone lines,

expectancy of 30 years, and in most cases significantly

6

hospitals struggled to contact the families of COVID-19

longer, they are sensitive not only to the prevailing

patients, and test reporting was delayed by days. In the

climate during construction, but also to future climate

same year in Mumbai, India, Cyclone Nisarga damaged

variations. Following is a discussion on the existing

roads and power lines, cutting off medical supplies for

gaps in current infrastructure, that address the impacts

COVID-19 patients living in remote villages and districts.

of the disaster-climate-health nexus on the resilience of

8

infrastructure.

3

A. Jovanovic and others, “Assessing resilience of healthcare infrastructure exposed to COVID-19: emerging risks, resilience indicators, interdependencies and international
standards”, Environment Systems and Decisions, vol. 40 (June, 2020). Available at https://link.springer.com/article/10.1007/s10669-020-09779-8

4

Scenario-based risk analytics for managing cascading disasters: A pathway to manage risks and protect people in South Asia, Asia-Pacific Disaster Report 2021, Working
Paper No.1 (United Nations publication, 2020c). Available at https://www.unescap.org/sites/default/d8files/knowledge-products/Working%20paper%20on%20
Scenario%20based%20risk%20analytics%20to%20manage%20cascading%20risks%2C%20APDR%202021%2C%20WP01_0.pdf

5

United Nations Development Programme, Recovering from COVID-19: Lessons from past disasters in Asia and the Pacific (UNDP Bangkok Regional Hub, 2020). Available at
https://www.undp.org/publications/recovering-covid-19-lessons-past-disasters-asia-and-pacific

6

Sanjay Srivastava, “Protecting the most vulnerable amidst COVID-19 and Cyclone Amphan”, blog, 27 May 2020. Available at https://www.unescap.org/blog/protectingmost-vulnerable-amidst-covid-19-and-cyclone-amphan

7

Madhurima Sarkar-Swaisgood and Sanjay Srivastava, “When COVID19 and natural hazards collide: Building resilient infrastructure in South Asia in the face of multiple
crises”, Observer Research Foundation, No. 413 (20 July 2020). Available at https://www.orfonline.org/expert-speak/when-covid19-and-natural-hazards-collide/

8

Prithvijit Mitra, “Kolkata: After Covid, cyclone Amphan derails hospital operations”, The Times of India, 24 May 2020. Available at https://timesofindia.indiatimes.com/city/
kolkata/after-covid-amphan-derails-hospital-ops/articleshow/75928722.cms

9

Asian Development Bank, Meeting Asia’s infrastructure needs, (Philippines, 2017). Available at: https://www.adb.org/sites/default/files/publication/227496/special-reportinfrastructure.pdf
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1) Inadequate incorporation of
multi-sectoral, multi-hazard and
cascading disaster risk scenarios
into infrastructure planning
a. Understanding risk should go beyond
assessing the potential or occurred direct
damage to infrastructure, and encompass the
interdependences of systems and how disruptions
might propagate and cascade across them. Risk
assessment should take into account the diverse
needs of multiple users and how different hazards
might results in service disruptions that, while not
damaging and destroying facilities, might impede
access or disrupt service provision (e.g., a hospital
facility affected by a power outage while the facility
is not directly affected; or schools closed to contain
disease spread). For example, applying a gender or
disability lens throughout an infrastructure project
cycle, including design and preparation, financing
and budgeting, procurement and contracts,
implementation, operations and maintenance and
monitoring, will help to reveal and address the
differentiated risks to different population groups.

b. Infrastructure is not a stand-alone asset, but rather
an interconnected system relying on specific
knowledge and strong governance for its planning,
design, implementation, operation and effective
maintenance for the long term. Infrastructure
planning must be integrated and coordinated across
ministries, within a country, in order to maximize
the benefits in service delivery. Capacity-building for
appropriate skills and knowledge, and institutional
strengthening for robust governance and regulation
are also essential to realize sustainable and resilient
outcomes from infrastructure investments over the
long term.

12

c. In an event of a disaster, most of the post-disaster
needs assessment focuses solely on the economic
costs of damaged infrastructure, but does not
assess the losses incurred by indirect damages
and disruptions of services that effect societies,
especially marginalized and vulnerable groups that
rely on the infrastructure. While numerous countries
in the Asia-Pacific region maintain disaster loss
databases, disaggregation of data by sub-sector
and facilities is limited, and indirect costs, such as
those caused by service disruptions and secondary
business, livelihoods and wellbeing losses, are rarely
included. Additionally, there is limited empirical
information and studies about the impact on
society due to disruptions in infrastructure services,
during and after disasters, and even less on how
climate change will impact both the resilience of the
infrastructure and the populations that depend on
that infrastructure.10

d. Risk assessments for infrastructure projects
rarely include the need of the most vulnerable
populations.11 Hence, risk-informed and resilient
infrastructure can be transformative to support
these populations. Indeed, sustainable infrastructure
can only be delivered when all three pillars,
economic, environmental, and social, are considered
together in comprehensive climate and disaster risk
assessment and in developing future risk scenarios.

10

Natalie Coleman and others, “Equitable resilience in infrastructure systems: Empirical assessment of disparities in hardship experiences of vulnerable
populations during service disruptions”, Natural Hazards Review Technical Papers, vol. 21, No. 4 (November 2020). Available at https://ascelibrary.org/doi/
full/10.1061/%28ASCE%29NH.1527-6996.0000401

11

Georgios Giannopoulos and others, “Risk assessment methodologies for Critical Infrastructure Protection. Part I: A state of the art”, (European Union, Joint Research
Centre Technical Notes, 2012). Available at https://ec.europa.eu/home-affairs/sites/default/files/e-library/docs/pdf/ra_ver2_en.pdf
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2) Current infrastructure is
not gender-neutral, equitable
or rights-based to ensure that
vulnerable populations also
benefit from infrastructure
development
a. There is an important gendered dimension that
needs to be included when planning and developing
resilient infrastructure. Gaps in access to quality
infrastructure, for example, inadequate access
to health care, and water and sanitation facilities,
and how it is designed, built, and run, often affect
women disproportionately as they have different
infrastructure service needs. Furthermore, women
are impacted differently by disruptions to physical
as well as social infrastructure. Thus, resilient,
accessible and inclusive infrastructure can therefore
act as a driver for gender equality by reducing
socioeconomic vulnerabilities for women.

human rights problems with infrastructure
development include: a lack of participation and
consultation of affected communities in the design
process; association and assembly can be used
to limit demonstrations and those opposed to
infrastructure projects; impact on vulnerable groups,
including indigenous populations and persons with
disabilities; a lack of accountability and redress
mechanisms; and in the most extreme cases, the
targeting of defenders of environment and human
rights.12

3) Infrastructures are a system,
but systemic thinking is not built
into infrastructure projects and
planning

b. To foster equal opportunities, infrastructure
needs to be affordable, accessible, and inclusive.
Infrastructure planning and development should
include making infrastructure affordable, and
reducing barriers to accessing infrastructure for
a broad range of vulnerable and marginalized
groups. Resilient and quality infrastructure allows
connections to those regions and people who have
been left behind in their access to essential services.
If infrastructure is not designed to be equitable,
and cater to diverse and unique needs of its users,
it will not contribute to reducing socioeconomic
vulnerabilities for all population groups, thereby
leaving the most vulnerable even further behind.

a. Modern infrastructure is built as an interconnected
system, and in several cases, as a system of
systems. For example, health infrastructure relies
on good transport infrastructure and reliable energy,
water and waste management infrastructure
to function effectively, and on good education
infrastructure to staff appropriately. Damage to
one asset or infrastructure system, can lead to a
reduction in service levels of different individual
infrastructure assets. Beyond the damage to assets
themselves, these cascades can result in significant
disruption of supply chains, which can severely
hamper relief and recovery operations, resulting
in loss of lives, livelihoods, and economic activity.
When thinking of infrastructure in this way, the
importance of integrated planning, and cross-siloed
approaches become clear.

c. In some countries in the region, infrastructure
projects are exacerbating human rights concerns,
particularly the rights of indigenous and minority
groups, including through land grabbing, increased
securitization and militarization of areas. Other

b. The closures of schools resulting from the COVID-19
pandemic provide an illustrative example that
even though this global health disaster did not
cause direct damage to infrastructure facilities,
it did lead to severe disruptions in the education

12

See Office of the UN High Commissioner for Human Rights (OHCHR), “Baseline Study on the Human Rights Impacts and Implications of Mega-Infrastructure Investment”, 6
July 2017. Available at: https://www.ohchr.org/Documents/Issues/Development/DFI/MappingStudyontheHRRiskImplications_MegaInfrastructureInvestment.pdf
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system with cascading impacts
on food security, nutrition and
child protection. Learning losses
have been estimated to about 55
per cent of a learning-adjusted
year of schooling in most affected
South Asian countries,13 and are
expected to result in reduced future
productivity and lifetime earning
of affected students. In developing
Asia, limited basic handwashing
and drinking water infrastructure
and the quality of physical learning
facilities have further inhibited the
reopening of schools, illustrating the
need for systemic governance for
risk management on interconnected
systems.
c. An important aspect of
infrastructure, in the context
of the COVID-19 pandemic, is
the adequacy and capacity of
public health infrastructure to
rapidly respond to major health
emergencies, including emergency
preparedness and response
planning (including epidemic
preparedness infrastructure),
scenario-based planning and
simulations, linkages with
other authorities (disaster
risk management, security,
transport, etc.), and access to
communications infrastructure.

13

14

Asian Development Bank, Learning and earning losses from COVID-19 school closures in developing Asia: Special
topic of the Asian Development Outlook 2021 (April 2021). Available at https://www.adb.org/sites/default/files/
publication/692111/ado2021-special-topic.pdf
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II. PATHWAYS TO
INCORPORATE A
‘LEAVE NO ONE
BEHIND’ APPROACH
TO BUILD CLIMATE
AND DISASTER
RESILIENT
INFRASTRUCTURE
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The pledge to ‘leave no one behind’ (LNOB) is at the heart of the 2030 Agenda for Sustainable
Development. Under the Sustainable Development Goals (SDGs) there are multiple goals that target
infrastructure equity directly (Goal 9 and Goal 11), and indirectly (Goal 2, Goal 6, and Goal 7). Indeed,
a recent study has found that infrastructure either directly or indirectly influences the attainment of
all the SDGs, including each of the socioeconomic goals and 92 per cent of the overall targets.14 The
Sendai Framework for Disaster Risk Reduction (SFDRR), under Target D, aims to reduce “damage
to critical infrastructure and disruption of basic services, among them health and educational
facilities, including through developing their resilience by 2030.”15 While different national regulatory
and policy frameworks adopt different definitions of critical infrastructures and what a resilient
infrastructure should look like, the definition for resilient infrastructures should encompass an
approach for transformative, inclusive and resilient infrastructure systems not only for the so-called
critical infrastructures, but also essential ICTs, and distributed and natural forms of infrastructures.
Furthermore, this definition should be based on a multi-hazard understanding, allowing for the
inclusion of new and evolving risks, and should incorporate risk prevention, reduction, climate change
adaptation and resilience measures beyond just protection against known threats.16

This section will focus on new approaches to infrastructure that brings the LNOB agenda to the
front and centre. In particular, the section will discuss a need for a paradigm shift in infrastructure
development and management, taking the focus away from a purely economic growth perspective
toward building people-centred resilient infrastructure. In particular, the section will demonstrate how
integrated planning, green infrastructure, nature-based solutions, eco-based disaster risk reduction
and community resilience can both reduce the inequalities of development and increase sustainable
economic growth by using the four priorities for action of the SFDRR as key pillars to expound on the
LNOB approach to infrastructure.

The four priorities for action mandated in the SFDRR provide a critical framework to achieve and
maintain the resilience of infrastructure and gain broader development benefits in order to achieve
the Sustainable Development Goals in the region. The priorities for action also provide guidance for
“future proofing” for climate and related shocks and stresses, that is, by assessing all possible risks
in a comprehensive way, covering any possible implications of changing climatic conditions and
evaluating future development needs.

1. Priority 1: Understanding risk and vulnerability ensures that comprehensive risk contexts,
including from the natural and built environments, (such as from the influences of climate
variability and climate change and considering system interdependencies), are utilized to inform
investment decisions, infrastructure planning, design, site location, construction, and ongoing
asset management.

16

14

S. Thacker and others, Infrastructure Underpinning Sustainable Development, (UNOPS, Denmark, 2018). Available at https://content.unops.org/
publications/Infrastructure_underpining_sustainable_development_EN.pdf?mtime=20181220182223

15

United Nations, Sendai Framework for Disaster Risk Reduction 2015-2030. Available at https://www.preventionweb.net/files/43291_
sendaiframeworkfordrren.pdf

16

United Nations, Office Disaster Risk Reduction (UNDRR), Making critical infrastructure resilient. Ensuring continuity of service. Policy and regulations
in Europe and Central Asia (2020). Available at https://www.undrr.org/publication/making-critical-infrastructure-resilient-ensuring-continuity-servicepolicy-and
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BOX 1:
Defining Resilient Infrastructure
Currently, there is no universal definition for what “critical” infrastructure constitutes, with different
countries providing varying definitions and scopes for critical or essential infrastructure. Defining
“resilient” infrastructure is even more difficult, and there is a lack of clear understanding on what
resilience actually means. This is a major gap that is a hindrance to strengthening governance and
building capacities. Developing a set of principles and establishing a national definition, that fully
incorporates the LNOB agenda, on which to base and against which to undertake investment decisions
and compare progress, is essential to building community resilience and ensuring sustainable
development.
That said, in defining resilient infrastructure there should be the recognition that absolute resilience
of infrastructure is not possible, and therefore “resilience” is not understood as the ultimate capacity
of infrastructure to survive a disaster event unscathed, but to have the capacity to “deliver the goods
despite disruptions.”a
This means that infrastructure should have the ability to adapt to changing and extreme known and
unknown conditions and shocks and be able to preserve its basic functionality throughout the crisis.
Relying on predicting known hazards and restoring infrastructure to its original design in the aftermath
of disasters is no longer enough to ensure the uninterrupted continuation of infrastructure operations.b
At the national level, a definition for “resilient infrastructure” should consider including critical, essential,
digital, distributed and natural forms of infrastructure, it should be based on multi-hazard understanding
allowing inclusion of new and evolving risks, and should institute climate change adaptation and
disaster risk resilience as a baseline requirement. For infrastructure to be classified as resilient, climate
change and disaster risk reduction measures should be an explicit requirement for investors and
owners/operators.c

a Aroop R. Ganguly, U. Bhatia, and S. E. Flynn, Critical Infrastructures Resilience. Policy and Engineering Principles (New York, Routledge, 2018). Available at
https://lccn.loc.gov/2017047021
b United Nations, Office Disaster Risk Reduction (UNDRR), Making critical infrastructure resilient. Ensuring continuity of service. Policy and regulations in Europe
and Central Asia (2020). Available at https://www.undrr.org/publication/making-critical-infrastructure-resilient-ensuring-continuity-service-policy-and
c Ibid.
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2. Priority 2: Strengthening governance ensures
that policymakers, sectoral planners, decision
makers and asset managers have the appropriate
skills, knowledge, and capacity to understand
institutional frameworks and processes, and are
also collaborating, interacting and accountable
for the resilience of infrastructure throughout its
lifetime. Strengthening governance should also
ensure that the institutional frameworks and
processes are inclusive of the communities they
serve and allow for the participation of the most
vulnerable and marginalised members of the
community.
3. Priority 3: Investing in resilience ensures that
priorities and decision-making is evidence-based
and risk-informed in the planning, design and
operations stages to maximize the impact and
benefit of infrastructure assets over their life
cycle.
4. Priority 4: Strengthening preparedness for
response and recovery ensures that when
hazards materialize, impacts can be minimized
and when damage occurs, it is investigated so
that the “not so obvious” reasons for failure are
understood, which underpins the ‘Build Back
Better’ (BBB) philosophy. A root cause and failure

18
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analysis will inform why and how damage occurs,
and therefore what should be done differently
next time. In this way, a comprehensive approach
can be adopted to protect economies and
populations, especially the most vulnerable, from
future disasters.

Building capacities and supporting the pursuit of
solutions is a longer and more detailed process.
Though it is not covered in any detail in this policy
brief, however, it is hoped that this introduction will
generate heightened interest among countries from
which more discussions can arise.

Figure 1 Absolute and relative average annual loss for countries in the Asia-Pacific region by Gross Domestic
Product

Priority 1: Understanding risks to infrastructure in the natural
and built environment
Shifting to a multi-hazard, multi-sectoral approach for risk-informed
infrastructure development
Shocks and stresses from natural hazards have caused large-scale economic damage, including
infrastructure damage in the Asia-Pacific region. Between 1970 and 2018, the region lost $1.5
trillion, mostly as a result of floods, storms and droughts, and earthquakes that caused tsunamis.17
The Asia-Pacific Disaster Report 2019 ranks countries in the region according to their average
annual losses caused due to disasters and estimated that drought losses, which are a risk layer,
are often ignored in catastrophic risk assessments, in addition to the traditional hazards of
earthquakes, tsunamis, floods, tropical cyclones and storm surges.18 Including losses incurred

17

The disaster riskscape across Asia-Pacific: Pathways for resilience, inclusion and empowerment. Asia-Pacific Disaster Report 2019 (United Nations
publication, 2019b). Available at: https://www.unescap.org/sites/default/files/publications/Asia-Pacific%20Disaster%20Report%202019_full%20
version.pdf
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from drought, the annualized losses in the Asia-Pacific

The Asia-Pacific Disaster Report 2019 notes that one

region are estimated to be $675 billion, or 2.4 per cent

reason for the increasing economic loss is the added

of the regional economy (Figure 1). The Economic and

vulnerability and exposure of critical infrastructure

Social Survey of Asia and the Pacific 2019 finds that, in

that is being developed without understanding the full

the Pacific small island developing States for example,

risk.20 As seen in Figure 2, the proportion of each type

the average annual loss associated with the impact

of infrastructure exposed to multi-hazards are: energy

of shocks and stresses is about 18 per cent of total

power plants (28 per cent); ICT fibre-optic cables (34

infrastructure investment, or 9 times higher than the

per cent); road infrastructure (42 per cent); airports (32

regional average.

per cent); and ports (13 per cent).
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Figure 2 Percentage of infrastructure at risk to multiple hazards
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Source: Global Risk Data Platform, 2013; Socioeconomic Data and Applications Center (SEDAC), Global Landslide Hazard Distribution v1, 2000;
Muhs and others, 2014; ESCAP, Asia Information Superhighway, 2018(b); ESCAP Asia-Pacific Energy Portal, 2018(a); ESCAP Transportation Data,
2018(c).
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Economic and Social Survey of Asia and the Pacific 2019: Ambitions beyond growth (United Nations publication, 2019a). Available at: https://www.unescap.org/
publications/economic-and-social-survey-asia-and-pacific-2019-ambitions-beyond-growth
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The disaster riskscape across Asia-Pacific: Pathways for resilience, inclusion and empowerment. Asia-Pacific Disaster Report 2019 (United Nations publication, 2019b).
Available at: https://www.unescap.org/sites/default/files/publications/Asia-Pacific%20Disaster%20Report%202019_full%20version.pdf
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Multiple infrastructure sectors do not operate in
isolation. While COVID-19 pandemic continued
spreading, a number of countries also experienced
natural and climate-induced disasters, thereby
affecting healthcare and supply chain infrastructure.
In December 2020, the tropical cyclone YASA-20 hit a
number of Pacific island nations, among which were
Vanuatu, Fiji and Tonga, destroying homes and schools,
breaking powerlines and damaging roads, and forcing
people to evacuate amidst an ongoing pandemic.

Understanding the impacts of extensive
risks on infrastructure
There is increasing awareness of the risks to
infrastructure associated with intensive risks, which
arise from hazards that are infrequent but have severe
impacts (shocks), such as tropical cyclones, flooding
in large river basins, and earthquakes. However,
greater attention should be paid to the susceptibility
of infrastructure systems to extensive risks, which
arise from hazards that are frequent but have less
severe impacts (stresses), such as droughts, localized

These, and many more examples, show the importance
of moving towards multi-hazard and multi-sectoral
approaches. This shift requires investors, operators
and decision makers to make sure that disaster and
climate risks are considered in the location, design,
construction and operation of planned infrastructure
investments. Equally, infrastructure regulators and
operators need to develop and make use of indicators
that encourage ‘systems thinking’ to take account
of the complexity and interdependencies of global
dynamics and patterns of change.

flooding, and landslides,22 which result in negative
impacts on individuals, households, communities, and
businesses by constantly disrupting their access to
basic services and livelihoods. It is estimated that in
low- and middle-income countries, losses and damages
to local infrastructure systems that provide essential
services, including local roads, health and education
facilities, and post-harvest processing and storage
facilities, are more closely aligned with stresses than
with shocks.23 Figure 3 illustrates the breakdown of
infrastructural loss and damages according to various
sectors.

The absence of adequate detail on these linkages
and interdependencies, largely due to the lack of
prior experience and records of past events, is often
highlighted as a major challenge in addressing the
resilience of critical infrastructure. Understanding
the nature of system interdependencies and evolving
vulnerabilities will play a vital role in dealing with the
likelihood and consequences of cascading failures in
interdependent systems, particularly in the design of
resilient infrastructure.21

21

For more information see, Shalveen Chand, “Devastation, Mayhem in Vanua Levu in TC Yasa’s Trail”, Fiji Sun, 18 December 2020. Available at: https://fijisun.com.
fj/2020/12/18/devastation-mayhem-in-vanua-levu-in-tc-yasas-trail/ ; Praneeta Prakash, “72 roads closed around the country”, FBC News, 18 December 2020. Available
at: https://www.fbcnews.com.fj/news/tc-yasa/72-roads-closed-around-the-country/; K. Lonsdale, P. Pringle, and B. Turner, “Transformative adaptation: what it is, why it
matters & what is needed”, UK Climate Impacts Programme (Oxford, U.K., University of Oxford, 2015). Available at: https://www.ukcip.org.uk/wp-content/PDFs/UKCIPtransformational-adaptation-final.pdf; United Nations, Office Disaster Risk Reduction (UNDRR), Making critical infrastructure resilient. Ensuring continuity of service. Policy
and regulations in Europe and Central Asia (2020). Available at https://www.undrr.org/publication/making-critical-infrastructure-resilient-ensuring-continuity-service-policyand ; Alessandro Vespignani, “The fragility of interdependency”, Nature, vol. 464 (2010), pp. 984-985.
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United Nations Office for Disaster Risk Reduction, Global Assessment Report on Disaster Risk Reduction 2015. Making development sustainable: The future of disaster risk
management (2015), p. 95. Available at https://www.undrr.org/publication/global-assessment-report-disaster-risk-reduction-2015
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Based on loss and damage databases from 65 countries worldwide between 1990 and 2013 and published in United Nations Office for Disaster Risk Reduction, Global
assessment report on disaster risk reduction 2015: Making development sustainable: the future of disaster risk management (2015), p. 95. Available at https://www.undrr.
org/publication/global-assessment-report-disaster-risk-reduction-2015
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More broadly, 68.5 per cent of all economic losses were attributed to extensive stresses in the period 2005–
2017.24 Whereas shocks can affect strategic economic infrastructure which supports other strategic sectors,
regional and global trade, and economic integration (e.g., power stations, ports, and airports). For example,
the 2011 Great East Japan Earthquake (GEJE) and tsunami had devastating impacts on the country’s energy
sector (an intensive risk). However, the cumulative damage from increasingly frequent extensive stresses are
disproportionately concentrated in local infrastructure systems that many low-income groups depend on to
provide essential services.25 (See Priority 3 for local infrastructure systems). It is therefore imperative that
extensive risks are integrated into planning processes and budget allocations for infrastructure development
to increase the resilience of infrastructure to stresses, as well as to shocks.

Figure 3 Percentage of loss and damage to infrastructure associated with intensive
risks (from shocks) and extensive risks (from stresses)
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United Nations Office for Disaster Risk Reduction, Global Assessment Report on Disaster Risk Reduction (2019). Available at https://www.undrr.org/publication/
global-assessment-report-disaster-risk-reduction-2019
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BOX 2:
Extensive flood damage on roads in Cambodia
The recurring and extensive
flooding in Cambodia, between
2000 and 2014, resulted in
over 10,000 km of roads being
submerged, of which 47 per
cent were damaged and an
additional 21 per cent were
destroyed (see Figure 4).a This
had a disproportionate impact
on local infrastructure systems,
with rural roads accounting for
89 per cent of the roads that
were damaged or destroyed, and
59 per cent of the submerged
roads, in 2013, were the critical
connecting roads for communes
or villages.b This extensive risk
also had financial implications,
as there was a wide gap between
the costs of this damage and the
Government’s available budget for
road rehabilitation after disasters,
which placed an additional
stress on the Government’s
ability to fund new or additional
investments.c

a

United Nations Development Programme
and Asian Development Bank, Managing
Disaster Risk in the Road Sector Cambodia
Disaster Damage and Loss Database: A Tool for
Enhanced Decision Making (2017).

b

Ibid.

c

Ibid.
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Developing integrated, scenario-based risk
analytics to manage cascading risks from
natural and biological hazards

and their varying needs and capacities, and make
comprehensive risk assessments and take targeted
actions. To operationalize the model, ESCAP has
developed a prototype for cascading risk scenarios for

In the wake of the COVID-19 pandemic, there are
multiple challenges to understanding risk. A key

both short-term and long-term time scales for India and
Bangladesh.

challenge is understanding systemic risks that
emerge from the convergence of multiple hazards,

The prototype places districts or areas of Bangladesh

both natural and biological, a consideration of existing

into appropriate risk zones, using a composite risk

socioeconomic vulnerabilities, and the quantifying of

matrix incorporating endemic or population risks, and

their multi-sectoral impacts. Such data can then feed

natural and biological hazard risks. Figure 5 illustrates

into algorithms to provide the basis for plans for public

this methodology with a risk matrix for Bangladesh,

health emergencies, and strategies for disaster risk

which integrates data from diverse sources and lists

reduction and management. These plans and strategies

the states that are most exposed to cascading risks.

can support policymakers in making evidence-

The matrix identifies ‘red-zone’ districts and areas with

based decisions, can help them to prioritize areas of

low Human Development Index, where the healthcare

investments, and therefore protect people from the

infrastructure is already overstretched by cases

impacts of cascading risks.

caused by the COVID-19 pandemic, and thus will be
significantly impacted by other health hazards in the

Developing complex risk scenarios, in various

near future.27

timescales, which provide information on systemic risks
while aggregating elements of hazard, vulnerability,

This prototype was showcased at a high-level

and exposure in the models, will mean shifting from

ministerial meeting where the ministers dealing with

a compartmentalized, or hazard-by-hazard approach,

environment/disaster management in five South Asian

to comprehensive risk assessments. Different sectors

countries discussed (a) opportunities and imperatives

should come together to improve the common

to overcome the challenges in implementing a

understanding of complex systems and risks, and

systemic approach to disaster and public health risk

collectively identify solutions that improve efficiency,

management amidst the COVID-19 pandemic, and

reduce duplication of effort, and allow for integrated

(b) strategies to capitalize on existing regional and

policy actions (Figure 4).

sub-regional cooperation mechanisms including the

26

South Asia Forum on SDGs, to scale up multi-hazard
Given the correlations and dependencies of multiple
risks and actors, the best approach is to consider a

and multi-sectoral preparedness systems for future
cascading disaster risks.28

series of scenarios with different interlinkages and
relationships. Planners can develop composite risk
matrices to identify and stratify vulnerable populations,

24

26

United Nations, Economic and Social Commission of Asia and the Pacific, “Weaving a stronger fabric: Managing cascading risks for climate resilience”, Policy Brief, 26
January 2021b. Available at https://www.unescap.org/kp/2021/weaving-stronger-fabric-managing-cascading-risks-climate-resilience
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Scenario-based risk analytics for managing cascading disasters: A pathway to manage risks and protect people in South Asia, Asia-Pacific Disaster Report 2021, Working
Paper No.1 (United Nations publication, 2020c). Available at https://www.unescap.org/sites/default/d8files/knowledge-products/Working%20paper%20on%20
Scenario%20based%20risk%20analytics%20to%20manage%20cascading%20risks%2C%20APDR%202021%2C%20WP01_0.pdf
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The ministerial recommendations of the meeting are noted in the outcome document “Summary for policymakers”, in United Nations, Economic and Social Commission
of Asia and the Pacific, “Weaving a stronger fabric: Managing cascading risks for climate resilience”, Policy Brief, 26 January 2021b. Available at https://www.unescap.org/
kp/2021/weaving-stronger-fabric-managing-cascading-risks-climate-resilience
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Figure 4 The new riskscape of the Asia-Pacific region
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Figure 5 Bangladesh provinces ranked by likelihood and impact of cascading disasters in the short-term timescale
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Figure 6 Vulnerable Population Exposure to Cascading Hazards
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Sources: ESCAP calculations based on UN WPP-Adjusted Population density 2020, v4.11; Sub-National Human Development Index (SHDI) 2018; Institute of Epidemiology,
Disease Control and Research COVID-19 Cases, 9 August 2020; Dengue prevalence risk map of Bangladesh, Brady, 2019; Bangladesh health care facilities, 2018; and
UNOSAT-UNITAR analysis of NOAA-20 (VIIRS) Imagery, 20 June - 19 July 2020
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Figure 7 Percentage of health facilities in high flood and COVID-19 zones among immediate priority provinces
in Bangladesh
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Priority 2: Strengthening risk
governance for disaster and
climate resilient infrastructure

have to implement this locally lack the decentralized
authority and resources to achieve and then sustain
levels of resilience in the infrastructure. Gaps on
coordination and limited coherence in planning at
multiple sector and administrative levels represent

To ensure that infrastructure can be resilient, adapt to
shocks and stresses, maintain its physical integrity and

additional challenges in ensuring infrastructure resilient
systems at all levels.

useful contribution to effective service delivery during
its lifetime, requires a risk governance process that
embraces a proactive rather than a reactive strategy.
Such a strategy should be built on a strong foundation
of policies, laws or plans, but is not limited to these
outputs. Equally important is that there should be a

Exercising effective risk governance for resilient
infrastructure ought to address these challenges. For
policymakers and planners, there are key levers that
can be used to influence systemic changes. These are:

continuous and iterative process of risk governance
based on observations of dynamic changes in the
environment, in the lessons learned, in new knowledge,
new technology and science, and of changes in
social processes as well as other contributors to
the configuration of risks. This would require a more
comprehensive appreciation of risks, such as key
drivers, root and underlying causes of vulnerabilities,
and the dynamic monitoring of changes that can
increase risk exposures of assets. Furthermore, a
consideration of risks of cascading failures that can
occur due to the interconnected nature of infrastructure
systems and services delivery must also be taken into
account.

Some of the non-physical issues that impede the
development of resilient infrastructure include weak
social contracts between the state and its citizens,
including on their roles as private sector stakeholders,
who are asset owners/managers. Achieving ownership
of the resilience approach is a challenge due to lack
of understanding of risks, competing priorities for
allocating funding, the lack of public consultation
and participation, particularly for vulnerable and
marginalized groups, inability to analyse tradeoffs, multiple and diverse stakeholders and lack of
knowledge and skills in technology. In the case of the
public sector, planners and decision makers who will

28
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• Policy, Institutional and Legislative Systems:
Sectors and administrative bodies responsible for
enforcing land-use plans, building codes and other
laws need to have authority and recognition, and
their legitimacy and relevance must be established
with access to sufficient capacity and resources.
Their capacities need to include the ability to
manage the interests of diverse stakeholders
that help achieve responsiveness from asset
managers, thereby ensuring their participation
and accountability. It is also important to include
the ability to mainstream gender into the planning
frameworks and manage the interests and voices
of diverse stakeholders, especially those in sociallyexcluded groups.
• Financing: The resilience of infrastructure, and
ultimately the communities, cannot be achieved
without dedicated and adequate financing. As
current funding is insufficient, sources for funding
need to be diversified and new ways to integrate
those into risk-informed financing frameworks
should be found. Local and international private
companies should be brought onboard both with the
purpose of facilitating an understanding in the ways
businesses create risks, and to seek their support in
bridging the financial gaps. For that, public-private
partnerships (PPPs) remain a good practice that
needs to be further strengthened.

Infrastructure investments are well-suited to the
portfolios of institutional investors. Co-benefits,
bankability and pipelines of infrastructure projects
supported by strong commitment of national
governments could drive markets’ interest, and
foster stronger partnership between the public and
private sector. Models based on PPPs, which ensure
that disaster and climate-related risk associated
with new infrastructure is avoided or mitigated to
strengthen communities and build the confidence of
taxpayers. It could equally expand existing markets
and open up new economic opportunities.
Public bodies could provide both targeted incentives
and penalties for companies managing critical
infrastructure, to encourage them to incorporate
resilience measures in their practices. Normative and
regulatory frameworks on risk-informed investments
and budget allocations, incentives, stress testing for
both existing and future infrastructure, maintenance,
and building standards need to be developed
further in order to guide both the private and the
public sectors and to ensure enforcement and
accountability. The building industry needs to be
guided by risk-informed codes and by the application
of expertise to assess losses using probabilistic
scenarios.

without a strong public demand, the sector is even
less likely to prioritize financing. Risk governance is
important to ensure that standards and methods are
in place, their enforcement, and public accountability
and transparency are given more importance.

• Data and Information System: Effective risk
governance should be founded on evidence-based
policy and decision making. A starting point would
be to make loss and damages to infrastructure
more visible through improved data collection
and management systems and ensuring that the
analysis receives more visibility. This analysis can
inform the valuation of damages and losses (direct
and indirect), estimation of action, cost benefits and
effectiveness, thereby enabling countries to build
back better. The analysis should also include the
role of infrastructure in the value chain, its criticality
to post-disaster recovery and its contribution to
pathways in sustainable development. Infrastructure
loss and damage data can provide the needed
basis for evidence-based decision-making through
providing countries with comprehensive information
on risks and their infrastructure capacities to survive
those risks.

Developing requirements for the active disclosure of
risk for all infrastructure investments and ensuring
that tendering and procurement of infrastructure
should be based on clear perceptions, and the
assessment of risks should support the identification
of high-risk areas. Furthermore, building
understanding of capabilities for resilience is crucial
and will support public and private investments to be
resilient to multiple natural, biological, environmental
and technological hazards.
The lack of financing, continuity and piecemeal
approaches contribute to the systemic challenges
faced in exercising effective risk governance. The
low level of financing reflects a lack of prioritization
of sector and financiers. It is also the result of
insufficient societal demand for reducing risks. And,

CLIMATE AND DISASTER RESILIENT INFRASTRUCTURE

29

BOX 3:
Education sector: a revised policy framework for comprehensive school safety
The massive impact of the COVID-19 pandemic on education, with a million children globally and
in the Asia-Pacific region being affected by prolonged school closures, has triggered the revision of
the Comprehensive School Safety Framework, adopted in 2017, by Global Alliance for Disaster Risk
Reduction and Resilience in the Education Sector (GADRRRES).a The revised 2021-2030 framework
is expected to encompass a strengthened emphasis on education continuity in response to children’s
learning. A more multi-hazard approach is being embraced building on the realization that not only
intense hazard events that cause damage to infrastructure assets also disrupt infrastructure services,
but that slow-onset events and the different nature of hazards, such as biological and public health
emergencies, can also severely disrupt infrastructure systems and their ability to provide services.
The framework provides a comprehensive approach to reducing risk from all hazards confronting the
population in the education sector and its systems and programs. The goals of the new framework,
being finalized by GADRRES partners, have evolved around education continuity; planning that
education continues through all expected hazards and threats; planning that protection continues
and that disruptions to learning are limited in the face of shocks, stresses, hazards and threats of
all kinds. Safeguarding education sector investments continues to be another important goal of the
Comprehensive School Safety Framework, in which Pillar 1 on safer learning facilities focuses on
enhancing the safety and quality of physical learning facilities, including Water Sanitation and Hygiene
(WASH) basic infrastructure in schools, and their ability to support resilient education systems.

a
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Global Alliance for Disaster Risk Reduction and Resilience in the Education Sector (GADRRES), “All hazards, all risk and enabling
environment”. Available at https://gadrrres.net/resources/policy-enabling-environment
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BOX 4:
Data collection on damages and losses incurred during disasters
The Sendai Framework for Disaster Risk Reduction identifies the resilience of critical infrastructure
as a key component for risk reduction. This framework is in line with Goal 9 of the 2030 Agenda for
Sustainable Development, which calls for quality and resilient infrastructure with a focus on affordable
and equitable access for all to support economic development and human-well-being (Target 9.1).
Measuring the level of disruption to basic services, due to hazard events, is a key indicator for tracking
progress towards the achievement of Target D of the Sendai Framework. Such assessments are
critical to substantially reduce damage to critical infrastructure and disruption of basic services,
among them being health and educational facilities. However, limited investments in collecting data
on both damage to infrastructure and disruption of services and their associated losses, limits the
evidence base required to design risk-informed policies in the education sector that can protect the
rights of children and promote sustainability and resilience.
While numerous countries in the Asia-Pacific region maintain databases on disaster loss,
disaggregation of data by sub-sector and facilities is limited and indirect costs, such as those caused
by service disruptions and secondary business, livelihoods and wellbeing losses, are rarely included.
Enhancing the collection and analysis of data on losses in infrastructure and service disruptions
requires improving definitions, developing methodologies for assessment, establishing standards for
tracking and reporting the impacts of disasters, as part of larger efforts to reduce national disaster and
climate damage, and develop comprehensive loss assessment and accounting systems. Investments
in improving data collection, for infrastructure damage and loss, could be enhanced by setting
minimum mandatory reporting requirements for investors, owners and operators of infrastructure.
This includes reporting on social infrastructure, such as health or education, as well as lifeline
infrastructure, such as power, transportation or telecommunications. Improved historic data collection
can help planners conduct infrastructure system risk assessments, which would strengthen the
case for more resilient infrastructure investments, and thus limit interruptions due to hazard events,
minimize the cost-of-service restoration in the aftermath of an event, and expedite rehabilitation and
recovery.
Consultation with and participation of communities affected, including ensuring the accessibility and
affordability of infrastructure, is also critical and can support the process of data collection and at the
same time provide a meaningful role to communities to engage. Undertaking regularly updated HRDD,
having effective grievance mechanisms in place and incorporating gender mainstreaming are key to
ensuring inclusivity in infrastructure planning. Strengthening the knowledge and skills needed to plan,
design, procure, construct, operate, maintain, decommission, manage, and regulate, within both the
public and private sector, is also a fundamental aspect of improving the maturity of the infrastructure
sector to deliver long-term improvements across the life cycle of the whole project.
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BOX 5:
CDRI – A coalition to promote
resilient infrastructure
The Coalition for Disaster
Resilient Infrastructure (CDRI),
conceptualized by UNDRR and
established in 2019 under the
leadership of the Government of
India, is a recent initiative which
aims to promote the integration
of resilience in infrastructure
policies and projects and to
facilitate the cooperation and
the exchange of best practices
between countries. It is a

Adopting a systems approach for infrastructure
development
Planning, delivering, and managing infrastructure is a complex process
involving many actors and spanning multiple ministries and user
groups. Furthermore, there is a tendency to rush into (re)construction
without effective evidence-based planning or a holistic management of
existing assets, however, a method is needed to perform a systematic
analysis of the infrastructure planning, delivery, and management
process. In doing so, improvements can be made to protect
underserved groups, infrastructure can be developed to be more
resilient to shocks and stresses, and it can be (re)built in such way that
enhances its lifespan, sustainability, societal and employment impact,
together with an understanding of and consideration to the changing
climate. It is important to avoid locking-in future greenhouse gas
emissions and to embrace the use of climate-friendly technologies.

recent initiative to promote
cooperation and the exchange
of best practices between
participating countries. The
Coalition connects governments,
international organizations,
private businesses, academic
bodies and development banks,
and supports the development
and improvement of national

Among the key messages is the realization that resilience is not a
single action, but instead an outcome that must be managed and
maintained throughout the lifecycle of infrastructure assets. The
reason for this is that, over its lifetime, infrastructure is affected by a
number of shocks and stresses that can undermine its condition and
ability to function effectively in providing access to key services. This
section outlines how a ‘systems approach’ is fundamental in achieving
and maintaining resilience, within an infrastructure context.

policy frameworks to limit
hazard-related ecological and

Infrastructure is often considered to be a physical asset. A systems

socioeconomic losses.

approach recognizes that viewing infrastructure from this narrow
perspective fails to acknowledge the many other critical dimensions
required for achieving and maintaining the operating environment
and resilience of assets, over their lifecycle. In this context, a systems
approach might be considered from three dimensions:

1. Assets – The physical components of the system, comprising
both the primary facilities and the links that exist between them.
These should be proactively planned, coordinated, designed and
constructed to achieve resilience to the shocks and stresses that
they may face over the course of their lifespan.
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1. Assets – The physical components of the system,
comprising both the primary facilities and the
links that exist between them. These should be
proactively planned, coordinated, designed and
constructed to achieve resilience to the shocks and
stresses that they may face over the course of their
lifespan.

2. Knowledge – The human resource that is required
to analyse, plan, create, operate and maintain the
physical assets in line with the social norms and
needs of infrastructure users, and provide services
efficiently during the respective life span of the
assets. Greening the labour and skills components
of human resources is an often forgotten aspect of
infrastructure development.

2. Knowledge – The human resource that is required
to analyse, plan, create, operate and maintain the
physical assets in line with the social norms and
needs of infrastructure users, and provide services
efficiently during the respective life span of the
assets. Greening the labour and skills components
of human resources is an often forgotten aspect of
infrastructure development.

3. Institutions – The key bodies that provide
regulations, policies, financing, and legal frameworks
to support assets and their service provision. This
requires the ability to understand and manage the
synergies with other sectors, other assets, other
institutions, and other services that will define the
level of dependency between one and the other,
including consideration to cross-sectoral issues,
such as gender and social inclusion.

3. Institutions – The key bodies that provide
regulations, policies, financing, and legal frameworks
to support assets and their service provision. This

Infrastructure is often considered to be a physical

requires the ability to understand and manage the

asset. A systems approach recognizes that viewing

synergies with other sectors, other assets, other

infrastructure from this narrow perspective fails to

institutions, and other services that will define the

acknowledge the many other critical dimensions

level of dependency between one and the other,

required for achieving and maintaining the operating

including consideration to cross-sectoral issues,

environment and resilience of assets, over their

such as gender and social inclusion.

lifecycle. In this context, a systems approach might be
considered from three dimensions:

Figure 8 Infrastructure system lifespan
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BOX 6:
Case Study on Systems Approach in Action in Bangladesh
The Bangladesh National Resilience Project (NRP) is a joint initiative between the Government
of Bangladesh and the United Nations agencies, the United Nations Development Programme
(UNDP), UNWOMEN and United Nations Office for Project Services (UNOPS). This case study
is based on one component of the NRP, which is designed specifically to address the issue of
resilient infrastructure within a key infrastructure department.
As part of the joint National Resilience Programme with UNDP and UN Women, UNOPS
is supporting the Bangladesh Ministry of Rural Development and the local government
through the Local Government Engineering Department (LGED) to introduce “systems
thinking” within its infrastructure planning. LGED is responsible for the planning, designing,
construction, operation and maintenance of rural infrastructure in Bangladesh. The majority
of the infrastructure assets that LGED is responsible for comprises roads, bridges, culverts,
education facilities and local government buildings. Transport is a critical infrastructure
system in Bangladesh as it enables the flow of goods supporting livelihoods and enables the
movement of people to access essential services, such as health and education. The damage
and destruction of these assets is not only a direct cost, but also has a significant economic
impact through the loss of connectivity to markets and essential services.
In the 2018 monsoons, LGED estimated that Bangladesh lost the equivalent of 9 years’ worth
of rural infrastructure development. Thus, the key to success is in the joint ability to apply
systems thinking to improve the quality and management of infrastructure assets to reduce
the risk of repeated damage and destruction of rural infrastructure.
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Assets –
Making sure that LGED has in place a reliable Asset Management
Framework that will ensure that they can develop and manage
assets that retain their resilience and deliver the required services
over their lifespan. In man y cases, the problems associated with
infrastructure systems are not a direct consequence of the assets
themselves, but rather the capacity within the system to effectively
plan, design, construct, and operate and maintain the assets.

Knowledge –
This aspect focuses on the information and knowledge about the
operation and maintenance of the assets and the context within
which the assets will operate to ensure that LGED can effectively
manage their entire asset portfolio over the full life cycle of the
infrastructure.
• Asset Information – an asset database that contains relevant
information about the assets. It is important to note that an asset
database is not an asset management framework as it merely
contains information about the assets.
• Contextual information – information that is required to
understand the context within which the asset will operate. It
includes hazard information, including that which is relevant to
climate variability.

Institutions –
How LGED is structured to do business as an “infrastructure
agency”. This component supports LGED in the identification and
development of the skills, systems and processes that will enable
them to effectively design, construct and manage sustainable
and resilient infrastructure assets. This includes the development
and application of a gender marker, which enables the LGED to
assess their projects through a gender lens, and consistently and
systematically take into account social inclusion and gender into
their work.
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Key Messages
1. Physical assets are often exposed to the full forces of nature. Their ongoing
resilience must, therefore, be monitored, managed and maintained continuously,
during the life-time of the asset.
2. Assets are just one part of an infrastructure system. The knowledge and skills of
those that operate and maintain them and the compliance systems designed to
support their longevity and effectiveness, as a service facilitator, are critical.
3. The development and application of a gender marker or similar tool at
the beginning of a programme is critical to ensuring that organizations
systematically take into account gender in their work.

Priority 3: Investing in
development of resilient
infrastructure

Eco-system based disaster risk reduction
(DRR) and nature-based solutions
Nature-based solutions (NbS) are defined by the
European Commission (EC) as: “Solutions that aim
to help societies address a variety of environmental,

There are emerging approaches which, when

social and economic challenges in sustainable ways.

considered as part of the infrastructure development

They are actions inspired by, supported by or borrowed

process, can build resilience at all levels of the

from nature, using and enhancing existing solutions to

economy. At the macro-level, that translates into

challenges, as well as exploring more novel solutions.

countries being better prepared for shocks; at the

Nature-based solutions use the features and complex

meso-level, firms, critical supply chains, and critical

system processes of nature, such as its ability to

infrastructure get back into action more quickly; and

store carbon and regulate water ﬂows, in order to

at the micro-level, households, assets, and livelihoods

achieve desired outcomes, such as reduced risk and

are protected. Some of the new approaches that

an environment that improves human well-being and

address hazard and climate resilience in infrastructure

socially inclusive green growth.”29

development are discussed below.
Two of the seven Sendai Framework targets, C and
D, on critical infrastructure losses explicitly mention
green and blue infrastructure.30 The categories related
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European Commission, “Nature based solutions”, 2015. Available at https://ec.europa.eu/info/research-and-innovation/research-area/environment/nature-basedsolutions_en

30

As defined in United Nations Office for Disaster Risk Reduction, Words into action: Nature-based solutions for disaster risk reduction (2021). Available at https://www.
preventionweb.net/publications/view/74082
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to green and blue infrastructure that can be considered

capital expenditure and on-going operational expenses;

NbS are: restored or new terrestrial vegetation,

their benefits usually increase over time, compared to

mangroves or dune and seagrass systems for coastal

grey-engineered solutions, which tend to deteriorate

defence; parks and green space; water storage in

over time; they often use low-technology solutions; and

restored or constructed wetlands and peatlands; urban

they typically provide multiple social, environmental

tree canopy; rain gardens; rainwater harvesting; ground

and economic benefits. Across Asia and the Pacific,

reinforcement for landslide prevention; and ground

Eco-DRR and EbA are increasingly being scaled-up

water infiltration trenches and storage systems. All of

through strategic integration into risk reduction policies,

these, often used in combination with traditional ‘grey’

adaptation planning, including National Adaptation

infrastructure in hybrid designs, can mitigate traditional

Plans, and SDG-aligned national development plans.

limitations of grey infrastructure that can exacerbate
risk and its transference. For example, when new
roads increase the risk of slope erosion, landslides
or flooding, then incorporating vegetation to help soil
cohesion and checking water flows can reduce risks.
While dams can increase flood risk in extreme rainfall
events, enhancing natural surface and groundwater
storage can reduce impacts. Green, blue and hybrid
infrastructure can also ensure that the structures
themselves are more resistant and resilient to hazards.

However, current efforts are limited in scale and
tend to focus on certain sectors and stand-alone
plans. Some of the challenges faced include a lack
of skills and knowledge in planning and selecting
appropriate measures, and limited evidence on the
costs and benefits of different solutions in different
contexts. Significant deployment of nature-based
solutions will require integration into national and
local development frameworks. Mainstreaming
needs institutional, technical and financial resources,
notably policy support, pilot interventions to build the

One approach that is increasingly being implemented,
particularly across Asia, is urban greening. For
example, bioswales, permeable surfaces and enhanced
groundwater recharge areas, within a water smart
urban design, can reduce flood and drought impacts.
Green roofs, multi-purpose green areas and street
trees can help combat urban heat, creating cooler

evidence base, financial resources, and knowledge
and technical guidance. Facilitating access to these
resources can build the enabling environment needed
to ensure that nature-based solutions address climate
change, support recovery and build resilience as part
of a transformational pathway for achieving the SDGs
through sustainable infrastructure.

microclimates that can contribute to climate change
adaptation and mitigation. Such methods not only
offer some protection from heatwaves and rising
temperatures, but also decrease the need for cooling
which, in some cases, lowers the amount of energy
used in cooling which then lowers greenhouse gas
emissions.

Green, blue and hybrid infrastructure are effective
Eco-DRR and Ecosystem-based adaptation (EbA)
options in many contexts for a number of reasons:
they are typically low cost with comparably low initial
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BOX 7:

Low carbon infrastructure

Case study of natural-based solutions in
Thailand a

Launching countries, in the Asia-Pacific region, on low

The Chao Phraya River Basin (160,400 km2)
regularly experiences major flooding as well
as El Niño-related droughts. Water resources
are heavily allocated across economic sectors,
eliminating any possibility of new large-scale
reservoirs, which are an example of grey water
storage infrastructure. Field trials with a series

carbon and climate-resilient pathways that align with
the Paris Agreement and enable countries to meet
their commitments under their Nationally Determined
Contributions (NDCs), requires a transition towards
low carbon infrastructure systems.31 Low carbon
infrastructure generates fewer carbon emissions than
traditional infrastructure and helps build resilience and
reduce exposure to the impacts of climate change.32

of small, constructed recharge basins showed
that water could be caught and stored naturally
underground in the vast shallow aquifer
upstream of flood-prone areas. This would also
oﬀset the decline in groundwater levels in the
agricultural plains due to year-round pumping
to irrigate high-water crops. Recharge basins
would not only reduce the magnitude and
costs of flooding, but also generate around
$200 million of agricultural income per year to
boost the livelihoods of thousands of farming
households during dry periods. However,
careful planning is necessary: for example,
farmers would need to be encouraged and
supported to utilize their land for recharge

Efforts to limit global warming to 1.5°C above preindustrial levels,33 require even more rapid and
far-reaching transitions in energy, land, urban,
infrastructure (including transport and buildings),
and industrial systems.34 Infrastructure is a key
determinant of greenhouse gas emissions,35 and
because of the long life cycle of most infrastructure
assets, choices made today on the types, features,
and locations of infrastructure will heavily influence
the abilities of countries to shift to lower carbon
trajectories, thereby allowing individuals, households,
communities, and businesses to become more
resilient.36

and thereby become ‘stewards’ who manage
infrastructure for the benefit of downstream
communities. Bringing this study to reality
in the Chao Phraya would require detailed
investigations to determine the areas where
environmental conditions are suitable for
aquifer recharge, as well as analyses to identify
workable institutional arrangements.b

a

b

38

United Nations World Water Assessment Programme
(WWAP), The United Nations World Water Development
Report 2018: Nature-based Solutions for Water (UNESCO,
Paris, 2018). Available at http://www.unesco.org/new/en/
natural-sciences/environment/water/wwap/wwdr/2018nature-based-solutions/
Ibid.
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Organisation for Economic Co-operation and Development, ”Infrastructure for
climate and growth”, in Investing in Climate, investing in Growth (Paris, OECD
Publishing, 2017). Available at https://www.oecd.org/environment/investing-inclimate-investing-in-growth-9789264273528-en.htm

32

Deblina Saha, “Low-carbon infrastructure: an essential solution to climate
change?”, World Bank blog, 5 April 2018. Available at: https://blogs.worldbank.
org/ppps/low-carbon-infrastructure-essential-solution-climate-change

33

This has been included as an aim, but not a binding commitment, under the
Paris Agreement.

34

Intergovernmental Panel on Climate Change (IPCC), Special Report: Global
Warming of 1.5•C, (New York, 2018).

35

James Rydge, Michael Jacobs and Ilmi Granoff, “Ensuring new infrastructure is
climate-smart”, Working Paper (Washington, D.C., The New Climate Economy,
2015).

36

Organisation for Economic Co-operation and Development, ”Infrastructure for
climate and growth”, in Investing in Climate, investing in Growth (Paris, OECD
Publishing, 2017). Available at https://www.oecd.org/environment/investing-inclimate-investing-in-growth-9789264273528-en.htm

Globally, emerging technologies in the energy,

urban flooding and heat islands, as well as reducing

transportation, and construction sectors are now

energy consumption.

achieving the economies of scale necessary to be
economically competitive. In the energy sector, for
example, the cost of electricity generation using fossil
fuels is currently between $0.05-$0.17 per kilowatthour whilst the cost of solar energy is now as low as
$0.03-$0.06 per kilowatt-hour and is trending down.37
New building technologies, electric vehicles and more
efficient appliances are reducing energy consumption.
Smart energy systems, such as microgrids, enable
decentralised generation using renewables to feed
more efficiently into national grids. These technological
changes imply that less investment will flow into
coal and oil-fired power stations and their associated
infrastructure (refineries, pipelines, terminals etc.), while
more will flow into photovoltaic arrays, wind farms,
green hydrogen plants, energy storage facilities and
transmission lines.

However, in Asia and the Pacific, the transition towards
infrastructure solutions that have a lower carbon
footprint has been slow.39 Initial analysis has found
that the majority of countries in the region remain
only in the early stages of NDC implementation, and
that even if they were to be fully implemented, the
NDCs themselves are not ambitious enough to keep
temperatures in line with the targets of the Paris
Agreement.40 Furthermore, a 2020 analysis of the
region’s progress towards the achievement of the
SDGs found that there has actually been regression
for Goal 13 (Climate Action) and Targets 9.1 (Resilient
infrastructure) and 7.2 (Share of renewable energy).41
Critically, and unlike in other regions, coal generation
is still expanding in Asia and the Pacific: 27 countries
in the region account for about three quarters of
current global coal generation capacity and for almost

In terms of hazard mitigation infrastructure, there is

the entire (94 per cent) global pipeline of coal-fired

likewise an increasing shift towards nature-based

power plants that are under construction, planned,

solutions that have a low carbon footprint and also

or announced.42 The region is also experiencing the

generate other social, economic, and environmental co-

world’s fastest urbanization rate, with 1.2 billion more

benefits. For example, the use of vetiver-based systems

people projected to move to the region’s cities by

for slope stabilisation is becoming mainstream and has

2050.43 Without significant efforts to rethink urban

been estimated to produce savings of 85-90 per cent

land use and invest in urban infrastructure, that enables

as compared to traditional engineered solutions using

city dwellers to reduce their carbon and resource

concrete.

38

In urban areas, green roofs, permeable

footprints, this increasing urbanisation is expected

surfaces, and vertical gardens are amongst the kinds of

to be accompanied by a rise in per capita energy

low carbon infrastructure that is being used to address

consumption.44

37

National Renewable Energy Laboratory, “NARIS highlights continental low-carbon grid opportunities” 24 June 2021. Available at: www.nrel.gov.

38

Paul Truong, “Vetiver system for erosion and sediment control, and stabilisation of steep slopes”, (Australia, Veticon Consulting). Available at: https://www.vetiver.org/
AUS_eros-sedim%20cont-o.pdf

39

Asian Development Bank, Low-carbon Green Growth in Asia: Policies and Practices-Executive Summary (Japan, 2013).

40

United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP), “Progress of NDC implementation in Asia-Pacific: Methodological framework and
preliminary findings”, technical paper, 8 December 2020b. Available at: https://www.unescap.org/resources/progress-ndc-implementation-asia-pacific-vframework-andpreliminary-findings.

41

Asia and the Pacific SDG Progress Report 2020 (United Nations publication, 2020a). Available at: https://www.unescap.org/sites/default/files/publications/ESCAP_Asia_
and_the_Pacific_SDG_Progress_Report_2020.pdf#page=16.

42

United Nations, Economic and Social Commission for Asia and the Pacific (ESCAP) , “Coal Phase Out and Energy Transition Pathways for Asia and the Pacific”, report,
2021a. Available at: https://www.unescap.org/sites/default/d8files/knowledge-products/Executive-summary-Phase-out-of-Coal-4-February-Final_0.pdf

43

The Future of Asian and Pacific Cites: Transformative Pathways Towards Sustainable Urban Development (United Nations publication, 2019c). Available at: https://www.
unescap.org/publications/future-asian-and-pacific-cities-2019-transformative-pathways-towards-sustainable-urban.
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Ibid.
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This slow transition is particularly troubling because,
in the era of climate change, the speed of the low
carbon infrastructure transition is key for efforts
to meaningfully reduce greenhouse gas emissions
and increase resilience. Delaying actions to lower
emissions risks cost escalation, locking-in carbonemitting infrastructure, leaving behind stranded assets,
and reducing a country’s flexibility for future response
options.45 Not taking aggressive action now may
reduce options for low carbon and climate resilient
pathways in the future, with current failures to address
the effects of emerging climate stressors already
undermining previous development gains.46 This
means that any delay comes with huge penalties, not
just in the increasing financial costs, but by making
the problems even harder to solve: delay today means
that even faster and more challenging solutions will
be needed tomorrow.47 Countries that are unable to
proactively manage the transition to a low carbon
economy risk accumulating a growing portfolio of
stranded infrastructure assets in sectors like energy
and transportation, and will face greater difficulties in

Climate and hazard resilient local
infrastructure systems
Overall, investments in hazard and climate
resilient infrastructure in the Asia-Pacific region
are insufficient to support public health, individual
welfare, environmental considerations, and to reduce
hazard and climate risks.48 An ADB analysis of
infrastructure financing in 25 developing countries
in Asia found that the region continues to suffer a
massive infrastructure financing deficit.49 However,
within this deficit, Governments have often prioritised
the allocation of funding for investments in strategic
economic infrastructure, and have tended to provide
insufficient funding for local infrastructure systems.
Most infrastructure finance is directed towards
large-scale projects, in particular, large transportation
infrastructure, energy production and distribution,
communications, water and waste management
projects, where the majority of funding is received
from national governments, development finance
institutions, and donors.50

mobilising capital for new infrastructure investments.
Conversely, small-scale infrastructure, especially in rural
areas, receives far less attention, and there remains a
shortage of long-term, local-currency financing for such
infrastructure projects in most developing countries.51
This gap impedes local economic development and
increases vulnerability as local hazard and climate
resilient infrastructure systems are key for ensuring
the resilience of individuals, households, communities,
and businesses by enabling their continuous access
to and receipt of essential services during hazard
events. Investments in local infrastructure systems

40

45

Intergovernmental Panel on Climate Change (IPCC), Special Report: Global Warming of 1.5•C, (New York, 2018).
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Fatima Denton and others, “Climate-resilient pathways: Adaptation, mitigation, and sustainable development”, in Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, C.B.
Field and others, eds. (Cambridge and New York, Cambridge University Press, 2014).

47

Alex Steffen, “Steepening problems and the need to imagine faster”, Medium, 11 August 2016. Available at: https://medium.com/@AlexSteffen/steepening-problems-andthe-need-to-imagine-faster-e10ae76419c9

48

Julie Rozenberg and Marianne Fay, Beyond the Gap: How Countries Can Afford the Infrastructure They Need while Protecting the Planet (Washington, D.C., World Bank,
2019). Available at https://openknowledge.worldbank.org/handle/10986/31291#:~:text=Abstract-,Beyond%20the%20Gap%3A%20How%20Countries%20Can%20
Afford%20the%20Infrastructure%20They,right%20objectives%2C%20using%20relevant%20metrics
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Asian Development Bank, Meeting Asia’s infrastructure needs, (Philippines, 2017). Available at: https://www.adb.org/sites/default/files/publication/227496/special-reportinfrastructure.pdf

50

United Nations, Department of Economic and Social Affairs, “Financing Small-scale Infrastructure Investments in Developing Countries”, Working Paper No.114, 1 May
2012. Available at: https://www.un.org/development/desa/publications/working-paper/financing-small-scale-infrastructure-investments-in-developing-countries.
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can also support good health and wellbeing (SDG 3),

where infrastructure investment is likely to peak in

quality education (SDG 4), clean water and sanitation

the coming decades.53 Examples of infrastructure

(SDG 6), affordable clean energy (SDG 7), decent work

creating new risks include road construction that

and economic growth (SDG 8), sustainable cities and

destabilises slopes and increases landslide risk, and

communities (SDG 11), and climate action (SDG 13).

embankments that reduce flood risk in one area but
increase it in neighbouring areas. It is also important to

Investments in strategic economic infrastructure
at the national level does not necessarily lead to
increased access to essential services for individuals,
households, communities, and businesses. For
example, investments in hydroelectric power stations
(strategic economic infrastructure) may increase
energy generation capacities at the national level, but
nearby villages cannot access this electricity unless
complementary investments are made to extend

reassess and retrofit existing local infrastructure in the
context of climate change and hazards. For instance,
infrastructure assets are expected to last a long time,
with bridges and sewerage systems having a design
lifetime of up to 100 years,54 but the standards and
anticipated conditions when they were built may no
longer be appropriate for the newly emerging risks that
result from climate change, environmental degradation,
and unplanned urban development.

local electric power transmission networks (local
infrastructure systems). Similarly, providing safe,

Investing in hazard and climate resilient local

reliable, and affordable rural transport infrastructure

infrastructure systems can generate significant

systems is critical to ensuring that rural inhabitants

social benefits and accelerate progress towards

have access to markets, health and education facilities,

the achievement of the SDGs. Local infrastructure

employment opportunities, and develop modern supply

systems refer to infrastructure that provides essential

chains for delivering crops in order to prevent food loss

services to individuals, households, communities, and

and ensure reliable income flows.

businesses,55 and includes water, drainage, sanitation

52

In addition, it is important that hazard and climate risks
are systemically factored into the conceptualization,
planning, design, regulation, and management of local
infrastructure systems. The inability to systemically
factor climate and hazard risks can reduce the
resilience of both the infrastructure investments
themselves and the people and communities the
infrastructure is intended to benefit and may even result
in infrastructure investments generating new risks.
This is of particular relevance for developing countries,

networks, local road, river and rail networks, health
and education facilities, post-harvest processing and
storage facilities etc. Local infrastructure systems
may not create the same economic benefits as
strategic economic infrastructure, whose role is to
support strategic sectors, regional and global trade,
and economic integration (e.g. power stations,
ports, airports, and major highways). However,
local infrastructure systems are key in closing the
missing last mile: whether that is local feeder roads to
connect homes, farms, and businesses to the national

52

Jasper Cook and others, “The contribution of rural transport to achieve the sustainable development goals”, Research Community for Access Partnership and Partnerships
on Sustainable, Low Carbon Transport, 2017.
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World Bank and United Nations, Natural Hazards, UnNatural Disasters: the Economics of Effective Prevention, (Washington, D.C., World Bank, 2010). Available at: https://
openknowledge.worldbank.org/handle/10986/2512

54

Nick Mabey and others, “Sustainable Infrastructure and the Multilateral Development Banks: Changing the Narrative”, E3G, 26 June 2018. Available at https://www.e3g.org/
publications/sustainable-infrastructure-and-the-multilateral-development-banks-changing/
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In this paper, the term ‘business’ is used to refer to the small and medium enterprises that provide most employment in regional economies and their urban centers.
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BOX 8:

transportation system or local small-scale social

UNDP’s composite methodology for assessing local
infrastructure

and schools to ensure that essential services

infrastructure, such as health centres, clinics,
are accessible to all. Investments in local

To help prioritise governments’ investments in local

infrastructure systems provide a development

infrastructure systems, UNDP is developing a composite

opportunity for the Asia-Pacific region where,

methodology that will assess local infrastructure gaps

for instance, around 60 million people have

and enable modelling of future losses for key local

limited access to electricity in Cambodia, the

infrastructure. The modelling will be based on historical

Lao People’s Democratic Republic, Myanmar,

damages and losses, existing climate models, and other

and the Philippines,56 and only 20 to 30 per cent

relevant data. Governments can then use this analysis

of households have access to piped water in

to make their local infrastructure more hazard and

low-income ASEAN and Pacific island countries.

climate resilient in order to achieve the relevant SDGs.

In fact, from the perspective of the 2030 Agenda

UNDP’s composite methodology will focus on extensive

for Sustainable Development, resilient local

risks (that arise from stresses that are frequent but

infrastructure systems should be considered as

have less severe impacts, such as droughts, localised

the first mile rather than the last mile.

floods, and landslides). The methodology will then be
applied to develop a replicable model to assess local
infrastructure gaps and will be piloted in Indonesia. After
the pilot, UNDP aims to support a larger number of local
governments in other countries to apply the developed
methodology.
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World Bank, “The Status of Infrastructure Services in East Asia and
Pacific”, report (Washington, D.C., World Bank, 2017). Available at:
https://openknowledge.worldbank.org/handle/10986/28954.

BOX 9:

to help the environment and communities adapt to the

Green Works and Green Jobs Initiative in Samoa

Samoa Disaster Management Office, 15 green jobs

The Pacific Islands are among the most vulnerable

impacts of climate change. In cooperation with the
were created for building resilient infrastructure.

in the world to the effects of climate change. Pacific
countries are exposed to a wide variety of natural
hazards, including cyclones, droughts, earthquakes,
floods, landslides, tsunami and volcanic eruptions.
Over the past several decades, extreme weather events
have increased in frequency and intensity and are only
expected to increase further. Under current climate
change trends, the frequency and intensity of natural
hazards will increase. This includes rapid-onset events,
such as cyclones, and slow-onset events, such as
changes in precipitation patterns and rises in sea-level.
This scenario is already producing adverse effects in
their labour markets, increasing the displacement of
people and forcing migration.
For the Pacific small island developing States, such
as Samoa, building the local skills needed to design,
create and maintain climate change infrastructure
is critical to ensuring business continuity for the
micro, small and medium enterprises of the country,
particularly concentrating in the coastal areas where

Green jobs and green skills for resilient infrastructure
Fifteen young men and women participated in the
ILO ‘Green Works’ initiative in partnership with the
Ministry of Natural Resource and Environment and the
Swedish Government. The young contractors trained
in occupational health and safety measures, developed
skills in disaster response and recovery-related work,
and were provided with safety equipment, tools, and
uniforms. The initiative taught the contractors key skills
for maintaining resilient infrastructure (e.g. riverbank
protection, installation of tsunami warning signs,
coastal rehabilitation construction).
After participating in the initiative, the contractors
were marketed as an independent entity with the skills,
gear and materials to provide services for disaster
prevention and recovery and to bid for government and
business contracts.

flooding is common (e.g. recurrent floods from the

This initiative shows how investments in a ‘human

Vaisigano River Catchment in Apia urban area). Skills

centred approach’ for resilient infrastructure

shortages are particularly severe in the green building

development can promote green job creation and

and construction sector because the skills required

provide plans for skills development for local human

for green construction can differ substantially from

resources. An elevated local skills development

conventional construction. Training and certification

training and certification strategy will have greater

of skills is also needed and without specialized green

impact on local job creation and can quickly transform

training providers or a weak training market these

communities, such as Samoa, to take advantage of

critical skills for resilient infrastructure are not available

current infrastructure investments in order to protect

in the local labour market.

the community from increasing impacts of climate

a

Models, such as the International Labour Organization’s
(ILO) ‘Green Works’, for infrastructure development
cover a range of different infrastructure types and

change.
a

International Labour Organization (ILO), “Green Jobs and a Just
Transition for Climate Action in Asia and the Pacific” (Bangkok,
Regional Office for Asia and the Pacific, 2019). Available at https://
www.ilo.org/asia/publications/WCMS_734887/lang--en/index.htm

b

Ibid.

activities that are applied in coastal, agriculture,
watershed, water and urban resources management
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Priority 4: Strengthening response
and recovery for infrastructure
resilience
Priority 4 of the Sendai Framework asserts that the
steady increase in the number of people and assets
exposed to risk, combined with the lessons learned
from past disasters, indicates the need to further
strengthen preparedness for response, take action in
anticipation of future events, integrate disaster risk
reduction, include gender mainstreaming in response
preparedness, and ensure that capacities are in place
for effective planning, response and recovery at all
levels.

The ability of infrastructure to respond and recover
after a hazard event is largely contingent on the
planning and capacities that were implemented in
advance. The following are a number of issues that
should be considered when planning infrastructure
for response and recovery to ensure that a country/
community can quickly bounce back better and reduce
the damage and developmental harm as a result of a
hazard.
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Evidence-Based Infrastructure Planning
Developing coordinated, cross-sectoral planning of
infrastructure considering:
• The condition, usefulness, hazard exposure and
vulnerability of existing assets;
• The current and future demands for services
supported by infrastructure;
• The maturity of the construction industry, and the
capacity of both the public and private sector to plan,
design, build, operate, and maintain infrastructure;
• The interdependency of infrastructure assets on
an overall infrastructure system, and on other
infrastructure systems (e.g. how does a new road
support connectivity across the road network
system and how does it rely on or support other
infrastructure systems such as energy, waste
management, water management, health, education
etc?);
• Prioritising investments based on the impact and
outcomes achieved in alignment with national
development objectives and commitments to
global agendas (e.g. SDGs, Paris Agreement, New
Urban Agenda, as well as the Sendai Framework for
Disaster Risk Reduction);
• The development of infrastructure project pipelines,
based on a comprehensive evidence based
long-term plan, which are linked to the national
development plan.

Design Management
Taking into consideration issues such as:

• Quality assurance capabilities to oversee design
and implementation to eliminate risks during
construction;

• Human Rights Due Diligence, which should be
an essential component of the design phase and
throughout the project cycle.57 To achieve this, it is
essential to include a wide range of stakeholders
(women, youth, people with disabilities, elderly etc.),
with meaningful representation in the planning
stages and decision-making stages;

• Effective and accessible grievance redress
mechanisms.

• The risks from the natural and built environments,
to ensure consideration of climate variability and
climate change and existing non-compliance issues
associated with, for example, building codes and
land-use to establish the full risk contexts;

lifespan must include:

• Where the asset will be built to establish the area
context including risk exposure;
• How the asset will be built, including green
technology, the type and availability of selected
construction material to identify capacity and
construction material risks;

Asset Management
The operation, maintenance and management of the
infrastructure assets and systems throughout their
• The skills and competencies required by those
responsible for operation and maintenance;
• The ongoing monitoring of the conditionality and
functionality of infrastructure;
• The effectiveness of retrofitting to maintain levels
of resilience, including how these needs are
assessed, undertaken and recorded;
• The service disruption measures or emergency
measures/plans in case of catastrophic failure;

• The relevant skills and competencies required of
those responsible for undertaking the construction
to establish the availability of a skilled workforce;

• The enforcement and or periodic adjustments to
compliance and standards frameworks;

• The functionality and standard of operation of
the asset, which should include disaggregated
perspectives from underserved populations
(women, people with disabilities, indigenous people,
for example), and should generally align with sector
needs and requirements to ensure that the full
supply and demand equations are known. States
should guarantee and infrastructure decisionmakers should ensure the active and meaningful
participation of people, based on free and prior
availability of project information in accessible
languages and formats, as far upstream in the
decision-making process as practicable and
throughout the project life cycle;

• The development of a decommissioning or asset
replacement strategy.

• Long-term planning of infrastructure needs;

• The supply and demand ratio of essential utilities,
such as water, energy, solid waste management,
ICT and access to and the impact on the
sustainability of natural resources to establish the
sustainability of the asset;

57

See OHCHR and Heinrich Böll Stiftung, “The Other Infrastructure Gap: Sustainability” (Geneva, 2018). Available at https://www.ohchr.org/documents/Publications/
TheOtherInfrastructureGap_FullLength.pdf
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Learning from adversity

Measuring Resilience

Developing organizational and institutional capacity

Resilience is essentially an outcome state that must

as a reiterative process by learning from challenges of

be monitored and maintained over the full life cycle of

past disasters:

an asset and not be a one-off action in the design and

• Build the organizational and institutional capacity to
understand the reasons as to why infrastructure fails
under certain stress;
• Ensure that the learnings from failure analysis
influences “build-back-better” and the choice of
retrofitting options and solutions for existing assets;
• In many countries, responsibility for the oversight
of infrastructure planning, design, construction, and
operation and maintenance tends to be contained
within and across separate agencies depending on
the nature of the constructed facility. In other cases,
a specialized central agency (for example: Public
Works Department) may provide the design and
construction oversight across a government system
and then hand over the finished facility. For example,
designing or constructing schools and handing them
over to an education department and/or building
hospitals for the central health department. These
approaches present different challenges which must
be considered:
a. Firstly, planning in isolation may lead to
incoherent infrastructure outcomes, which may
end up placing a significant burden on the supply
and demand of available resources required
to support the operation and sustainability of
services from the facility.
b. Secondly, individual agencies would generally
only consider managing facilities and assets
under their direct management responsibility,
meaning that it would be difficult for a
government to manage infrastructure assets and
systems holistically.
c. Thirdly, not all departments have the technical
capacity and technology to operate, maintain and
manage the conditionality of facilities built by
another technical agency.
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construction phases. Simply put, resilience means the
degree to which infrastructure assets can absorb the
impact of shocks and stresses during their life span
and continue to function and facilitate the delivery of
services at optimal and sustainable levels. Resilience
also includes the ability to adapt to new emerging
stressors and transformations so that the continuation
of services in the face of adversity is secured. Thus,
measuring resilience can be challenging. Listed
below are a few key approaches used for measuring
resilience.
To ensure that all essential infrastructure is operating
appropriately, at all times and under all conditions,
these test methodologies need to include possible
shocks originating from both climate and geophysical
hazards in their development, installation and
maintenance. For that, all financial instruments should
embed a robust screening process to ensure that
investments are resilient to future disaster and climate
risk.
• Resistance Capacity - is a measure of how
infrastructure systems can absorb the impacts from
shocks and stresses.
• Adaptive Capacity - is a measure of how quickly
infrastructure systems recover from the impacts of
shocks and stresses.
• Reflective Capacity - is the ability of infrastructure
systems to learn from adversity, so that lessons
can facilitate the identification of more resilient
development and build back better options.
• Transformative Capacity: is the ability to transform.
That is, to prevent and reduce the impact of climate
and disaster shocks through major transformations
of infrastructure, social systems and value chains
so that systems can be shifted to an alternative
and desirable structure. Transformative risk

management is characterized by changes in structures, goals, perspectives,
and/or governance regimes that alter the pre-existing status quo.58 Hazard
contexts are constantly changing, creating new risks which critical infrastructure
needs to accommodate. In the aftermath of a disaster or a crisis, it is important
that affected critical infrastructure is not simply restored to its initial operational
state, but is upgraded so that it can support the continuation of essential
services through future crisis. This requires transformation and a shift from
building back better towards building better for the future.

Figure 9 Impact of infrastructure resilience on development pathway

Source: UNOPS

58

F. Thomalla and others, “Transforming development and disaster risk”, Sustainability, vol. 10, No. 5 (2018).
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BOX 10:
Indonesia’s digital geospatial platform to support earthquake resilient houses
InaRISK is Indonesia’s digital geospatial platform, developed in 2016, by the Indonesian National Agency
for Disaster Management (BNPB) and UNDP. Loaded with key information on disasters caused by natural
hazards in Indonesia, the InaRISK platform has been helping many communities to prepare for and respond
to earthquakes, floods, landslides, and other hazards in real time. Since its establishment, the InaRISK
platform has extended its capabilities by incorporating a COVID-19 Self-Assessment Dashboard to identify
COVID-19 hotspots, and by connecting to a mobile application, STEP-A (Strengthening Tsunami and
Earthquake Preparedness), schools can assess their tsunami preparedness. The risk data that is processed
and analysed through InaRISK is delivered in real time to the public through the smartphone app, InaRISK
Personal.
To help mitigate the risks of earthquakes to houses that are located in earthquake-prone areas, InaRISK
Personal has integrated ACeBS, an application for rapidly assessing the condition of a residential building or
a one-storey house (see figure below). ACeBS collects data on the quality of residential buildings by asking
users to answer 47 questions in order to provide an assessment of whether their structure is resistant to an
earthquake or not, based on the government’s technical guideline for building construction permits (PUPR
No.5/2016). Through the questions and this assessment, the Government aims to increase public awareness
on how to build earthquake-resistant houses, and to promote a culture of building safe houses. After being
tested in some areas in the country, ACeBS has been integrated into InaRISK Personal to be made widely
available to the public.

Figure: ACeBS and InaRISK Personal integration
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BOX 11:
Gender-sensitive rehabilitation and reconstruction from the 2018 Sulawesi earthquake and
tsunami [Priority 4]
UNDP is supporting the rehabilitation and reconstruction of key infrastructure that was heavily
damaged by the 2018 earthquake and tsunami in Central Sulawesi and West Nusa Tenggara,
Indonesia. UNDP’s Programme for Earthquake and Tsunami Infrastructure Reconstruction
Assistance (PETRA) project, funded by the Government of Germany, is reconstructing critical
public services infrastructure that was damaged, including health and education facilities, solid
waste management, and irrigation canals. The rehabilitation and reconstruction process has
a specific focus on addressing gender needs and concerns, such as gender-based violence,
through building adequate toilets and easing access to facilities like breastfeeding rooms.
These needs will be incorporated into an emergency preparedness plan which will be developed
under the PETRA project. Furthermore, in partnership with a local Civil Society Organization,
the project is engaging women in the rehabilitation and reconstruction process to challenge the
stereotypical roles of women, and to teach them new skills for future income opportunities.
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III. KEY
TAKEAWAYS:
INVESTING IN
LNOB FOCUSED
INFRASTRUCTURE
FOR RESILIENCE
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1. PROMOTE DISASTER RISK
REDUCTION AS A PUBLIC GOOD
Resilient infrastructure systems are essential public goods and should be
promoted as such, and their financing should be led by public as well as
private investment. These are cost-effective investments that can bring huge
dividends by building resilience, minimizing loss of life, and accelerating
recovery. For building risk-informed and resilient infrastructure, countries can
benefit from building partnerships, such as the Coalition for Disaster Resilient
Infrastructure. Conceptualized by UNDRR and launched by India, this multistakeholder global partnership between countries, UN agencies, multilateral
banks, the private sector and knowledge institutions provides research
and enables information sharing on infrastructure risk management. The
coalition also supports member States on resilient infrastructure research
and capacity development of their government institutions, stakeholders and
partners. It is now clear that infrastructure assessments will need to expand
the range of risks they cover. Traditional disaster risk assessments for public
infrastructure projects have just started to allow for climate change, but will
also have to incorporate biological hazards, like pandemics.

2. TAKE “BUILD BACK BETTER”
FROM RHETORIC TO REALITY
Lessons learned from actions taken for disaster risk reduction during
previous disasters have called for building resilient infrastructure,
strengthening early warning systems, accelerating climate action for
resilience, and making financing risk-informed before, during, and after
a disaster. These lessons can now also offer a window of opportunity to
advance wider development agendas and priorities in rebuilding from the
impacts of the COVID-19 pandemic, cyclical natural hazards and their
simultaneous and cascading impacts. Making infrastructure investments
risk-informed has long been a priority in the field of risk reduction. Therefore,
risk assessments for hazards for future infrastructure planning will now need
to incorporate multiple, integrated, and complex risks. They should not only
incorporate risks from earthquakes, floods, cyclones, saltwater intrusion,
and tsunamis, but also build multi-hazard scenarios of simultaneous
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disasters; that is, what happens when a flooding event happens at a time of
a virus outbreak? What are the spatial requirements for building a hospital or
an evacuation shelter that will have enough provisions to implement social
distancing measures? Where are the hotpots of critical infrastructure where
endemic risk drivers of poverty and inequality overlap with emergent and
cascading disasters? How can the public sector plan for cities with efficient
and integrated ecosystems? Traditional risk assessments for disasters for
public infrastructure projects have just started to incorporate climate change
parameters and will quickly have to pivot to incorporate emergent hazards, like
pandemics and other biological hazards with the traditional ones.59

3. SHIFT TO A NEW APPROACH TO
INFRASTRUCTURE GOVERNANCE
TO SUPPORT THE SUSTAINABLE
DEVELOPMENT AND SFDRR GOALS
Weak infrastructure governance, defined as the limited capacity to plan,
finance, design, implement, manage, and maintain infrastructure systems,
can result in poor maintenance of infrastructure and cause disruptions to the
provision of essential services for individuals, households, communities, and
businesses, with the impacts particularly felt by vulnerable and marginalized
groups.60 In broader terms, weak infrastructure governance can prevent
well thought-out investment planning, which can slow economic growth, and
reduce competitiveness, economic opportunities, and improvements in human
capital.61
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Madhurima Sarkar-Swaisgood and Sanjay Srivastava, “When COVID19 and natural hazards collide: Building resilient
infrastructure in South Asia in the face of multiple crises”, Observer Research Foundation, No. 413, (20 July 2020).
Available at https://www.orfonline.org/expert-speak/when-covid19-and-natural-hazards-collide/

60

United Nations Development Programme Bangkok Regional Hub, UNDP Position Paper on Disaster and Climate
Resilient Infrastructure, 2021.

61

World Bank, “Infrastructure in Asia and the Pacific: Road transport, electricity, and water and sanitation services in
East Asia, South Asia and the Pacific Islands” (Washington, D.C., World Bank, 2020). Available at: http://documents1.
worldbank.org/curated/en/742271595404096928/pdf/Road-Transport-Electricity-and-Water-and-Sanitation-Servicesin-East-Asia-South-Asia-and-the-Pacific-Islands.pdf
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New approaches to infrastructure governance, that are proactive and
transformative rather than reactive, are needed. Such approaches should be
built on a strong foundation of policies, laws, or plans, along with a continuous
and iterative process of risk governance based on observations and modelling
of dynamic changes in environment, lessons learned, new knowledge, new
technology and science, and changes in social processes through three key
levers: evidence-based decision-making, policy, institutional, and legislative
and regulatory systems, and financing. For instance, strengthening the
evidence base on current infrastructure gaps and on potential future losses to
local infrastructure systems can be a key enabler to help local governments
prioritize their investments to make their infrastructure more disaster and
climate resilient, and achieve the relevant SDGs and Target D of the Sendai
Framework.62 (See Box 8 on UNDP’s composite methodology for assessing
local infrastructure gaps). Likewise, governments can benefit from a greater
understanding of their institutional systems and budget allocations for disaster
risk reduction, and this can be used to more appropriately reallocate existing
resources and mobilize new financing for disaster and climate resilient
infrastructure. UNDP is supporting governments to conduct Disaster Risk
Management Public Expenditure and Institutional Reviews (DRM-PEIRs) in order
to close such gaps.

Public authorities and regulators have the important task of overcoming
these challenges and closing the gaps by engaging private companies in
conversations on resilience and raising awareness of the benefits of investing
in resilience, or sanctioning businesses that lack compliance with established
rules and standards.

Regulators have the responsibility to audit, ensure compliance, set national
standards, provide guidance and administer the market. The various
certifications that are governed by regulatory authorities provide an opportunity
for inclusion of disaster risk reduction measures. Multi-party coordination is
equally necessary between infrastructure owners, regulators and the public
sector. For infrastructure to be classified as ‘sustainable,’ regulators need to
include natural hazards as a key criterion, as well as have a clear definition of
resilience.

62

SFDRR Target D: Substantially reduce disaster damage to critical infrastructure and disruption of basic services,
among them health and educational facilities, including through developing their resilience by 2030.
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4. TAKE ADVANTAGE OF REGIONAL
AND SUB-REGIONAL COOPERATIONS
MECHANISMS
Thus, countries in the Asia-Pacific region can take advantage of a number of regional and
subregional cooperation mechanisms, which include the Asia-Pacific Forum on Sustainable
Development, the ESCAP Asia-Pacific Disaster Resilience Network, the Asia-Pacific Partnership for
Disaster Risk Reduction and the Asia-Pacific Ministerial Conferences on Disaster Risk Reduction,
the Pacific Resilience Partnership, the South Asian Association for Regional Cooperation (SAARC),
the Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation (BIMSTEC),
the Economic Cooperation Organization (ECO) and The Trilateral Cooperation Secretariat.These
cooperation mechanisms can be used to generate knowledge and advances in good practices.
As traditional infrastructure assessments are time consuming and cost-heavy, new assessment
options, such as low- or no-cost stress tests, could support nations in conducting firsts-stage
assessments and prioritizations at regular intervals and taking into consideration new and
changing hazard conditions.
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