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The climate crisis is a fundamental threat to human health, the economy, and our environment. Leading scientists 
have told us that we face unavoidable climate hazards over the next two decades from rising temperatures and 
sea levels to more catastrophic storms, fires, floods, droughts, and extreme heat. The impacts of these changes 
will undermine hard won development gains, exacerbate geopolitical tensions, worsen the food security crisis, 
and result in greater instability and humanitarian need. On November 1, 2021, the U.S. government launched the 
President’s Emergency Plan for Adaptation and Resilience (PREPARE), a whole-of-government effort that unites 
the development, diplomatic, scientific, and technical expertise across the U.S. federal government to help more 
than half a billion people in developing countries adapt to and manage the impacts of climate change by 2030. 

Twenty U.S. federal departments and agencies are implementing the PREPARE Action Plan, which includes a 
specific focus on climate-resilient infrastructure. Infrastructure serves as the backbone of economic development, 
enabling communities to thrive. Climate change is stressing infrastructure in new ways. Across much of the world, 
the risks associated with climate change have not been systematically addressed in infrastructure planning, design, 
or implementation, jeopardizing benefits over the decades-long life of these critical investments. A paradigm shift 
is needed to build more resilient infrastructure for the future.

Resilience at Scale is a new PREPARE-focused report that presents clear, actionable strategies for federal agencies 
implementing PREPARE to employ a systems approach to resilient infrastructure. It offers a path for considering 
systemic risks and opportunities, helping to pinpoint likely future climate-related risks and the most effective 
interventions, accelerate investment, and achieve resilient infrastructure at scale. Importantly, it includes 
commitments by key federal agencies—the U.S. Agency for International Development, the Millennium Challenge 
Corporation, the U.S. International Development Finance Corporation, the U.S. Army Corps of Engineers, and the 
National Oceanic and Atmospheric Administration.

Since launching PREPARE, we have partnered with over 115 countries to address the climate-related threats they 
face, and this is just the beginning. A systemic approach is critical to addressing multifaceted challenges posed by 
climate change and providing the international development assistance of the future. We are committed to doing 
our part in heralding a paradigm shift toward more resilient infrastructure systems, and in turn, helping to build a 
climate-resilient and sustainable world.  

Sincerely, 

John D. Podesta
Senior Advisor to the President for International Climate Policy
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A MESSAGE ON  
OUR COMMITMENT

A Paradigm Shift
Climate change poses significant risks to infrastructure 
investments and calls for urgent and expanded 
action. Although U.S. government agencies and their 
partners already assess climate risks to infrastructure 
investments, those assessments are typically 
conducted on individual assets such as a road, a bridge, 
or a building. To achieve the long-term development 
and security objectives of the United States and our 
country counterparts, infrastructure systems, not just 
individual assets, must be resilient. For example, a road 
may be designed to be extremely climate-resilient, 
but if it connects to a non-resilient bridge that washes 
away during a flood, people will not be able to use the 
road when extreme weather hits—cutting off access to 
essential services, emergency response, and jobs. 

At present, infrastructure systems in many low- and 
middle-income countries are not resilient. If climate 
change risks are not addressed in the system in 
which the infrastructure investment operates, the 
likelihood of failure of critical infrastructure services 
increases. Agencies implementing PREPARE have an 
opportunity to address resilience holistically. Working 
with our development partners, we can help achieve 
resilience across sectors and systems at scale. By 
adopting the principles and approaches laid out in this 
paper, PREPARE signatory agencies and our partners 
will promote a systems approach that goes beyond 
an individual asset’s design to consider it as part of a 
broader, interconnected system.

This good practice will be integrated into each agency’s 
existing processes. It should not be prescriptive, as 
circumstances vary greatly based on local context and 
the nature of the investment. Along the way, agencies 
will learn by doing, helping everyone gain experience 
and build capacity. Through these innovative new 
approaches to infrastructure and systems design, 
the U.S. government can protect and ensure the 
effectiveness of its own investments with our partner 
countries, while developing a pathway for others to join.

Trending in the Right Direction
A systems approach to resilient infrastructure 
planning represents a breakthrough opportunity 
to revolutionize how donors maximize their 
investment impact, allowing them to work smarter 
to achieve resilient infrastructure at scale. It also 
builds on a variety of existing U.S. government 
objectives that recognize the critical importance of 
climate-resilient infrastructure. A systems approach 
is consistent with the domestic National Climate 
Resilience Framework; President Biden’s Executive 
Order 14008, Tackling the Climate Crisis at 
Home and Abroad; and the Partnership for Global 
Infrastructure and Investment. 

Through this PREPARE effort to promote 
infrastructure resilience, the Millennium Challenge 
Corporation (MCC), the United States Agency for 
International Development (USAID), the United States 
International Development Finance Corporation 
(DFC), the National Oceanic and Atmospheric 
Administration (NOAA), and the United States 
Army Corps of Engineers (USACE) are committing 
to expand the systems approach to the international 
arena. Agencies have defined specific climate change 
strategy objectives tailored to their respective missions 
and goals. USAID’s 2022–2030 Climate Strategy 
sets a strategic objective to encourage systems change 
throughout the Agency’s programs to catalyze shifts 
to net-zero and climate-resilient pathways. MCC’s 
Climate Change Strategy identifies support for partner 
country sectoral, master, and investment planning 
relevant to MCC’s programs. USACE's 2024–2027 
Climate Adaptation Plan supports climate-resilient 
infrastructure investments and efforts to manage 
USACE lands and waters for climate preparedness and 
resilience. In line with its 2022–2026 Strategic Plan, 
NOAA supports efforts to build climate readiness 
by providing climate information and services and 
supporting adaptation action, including related to 
infrastructure resilience. Deploying climate finance 
is a cross-cutting priority for DFC's private sector 
investments in nearly every sector of the economy 
including energy security, infrastructure, food security, 
health, and financial institutions.

https://www.whitehouse.gov/wp-content/uploads/2023/09/National-Climate-Resilience-Framework-FINAL.pdf
https://www.whitehouse.gov/wp-content/uploads/2023/09/National-Climate-Resilience-Framework-FINAL.pdf
https://public-inspection.federalregister.gov/2021-02177.pdf
https://public-inspection.federalregister.gov/2021-02177.pdf
https://public-inspection.federalregister.gov/2021-02177.pdf
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/20/fact-sheet-partnership-for-global-infrastructure-and-investment-at-the-g7-summit/
https://www.whitehouse.gov/briefing-room/statements-releases/2023/05/20/fact-sheet-partnership-for-global-infrastructure-and-investment-at-the-g7-summit/
https://www.usaid.gov/policy/climate-strategy
https://www.mcc.gov/resources/doc/climate-change-strategy/
https://www.mcc.gov/resources/doc/climate-change-strategy/
https://www.sustainability.gov/pdfs/usace-2024-cap.pdf
https://www.sustainability.gov/pdfs/usace-2024-cap.pdf
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Our Commitment
USAID, MCC, USACE, NOAA, and DFC have 
taken a leadership role within the U.S. government 
on infrastructure systems thinking, working with 
PREPARE agencies to catalyze more impactful and 
cost-effective infrastructure investment across the 
federal government. Together, with other federal 
agencies and our bilateral partners, we can create an 
outsized impact in partner countries.

As such, PREPARE-endorsing agencies will consider 
systemic risks and opportunities to achieve resilient 
infrastructure at scale in partner countries, where 
consistent with programmatic strategies and 
requirements, to inform investment decisions. 
Through our commitment, we will:

1. Consistently consider infrastructure systems 
resilience. Agencies already assess the resilience of 
individual infrastructure investments. Departments 
and agencies will expand the scope of this practice 
to consider the resilience of the system(s) in which 
our infrastructure investments operate.

2. Collaborate across PREPARE to achieve systems 
resilience, initially targeting specific geographies 
where this can take place relatively easily. For 

example, in a given location, this collaboration 
could involve MCC capital investments in 
infrastructure and reform, USAID programs to 
build individual and institutional capacity, and 
U.S. Trade and Development Agency (USTDA) 
investments in infrastructure project preparation.

3. Learn by doing, identifying, refining, and sharing 
good practices. The PREPARE Infrastructure 
Working Group will refine and share good practices 
in collaboration with our development partners. 

To advance our commitment, MCC and USAID 
have developed this paper describing the benefits 
of a systems approach to resilient infrastructure 
planning, along with recommended steps to facilitate 
its implementation. This effort takes the U.S. 
government’s commitment one step further toward 
considering climate change on a systemic basis and 
aims to unite U.S. government leadership to achieve 
climate-resilient infrastructure systems at scale.

We invite you to join this paradigm shift, as we rethink 
how to work at scale to build a more resilient world. 

Sincerely, 

Gillian Caldwell
Chief Climate Officer 
and Deputy Assistant 
Administrator, Bureau for 
Resilience, Environment  
and Food Security
USAID

Jonathan Richart
Deputy Vice President of 
Infrastructure, Environment  
and Private Sector (IEPS) 
MCC

William Veatch, PhD, PH
Lead, Climate Preparedness  
and Resilience Community  
of Practice
U.S. Army Corps  
of Engineers

Susan Ruffo 
Deputy Assistant Secretary  
for International Affairs
U.S. National Oceanic  
and Atmospheric  
Administration

Aparna Shrivastava
Acting Chief Climate Officer
U.S. International  
Development Finance 
Corporation
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METHODOLOGY AND 
ACKNOWLEDGMENTS
This work was conducted as a collaborative 
interagency effort in support of the President’s 
Emergency Plan for Adaptation and Resilience 
(PREPARE) and by a team led by Doug Mason and 
Hope Herron, Millennium Challenge Corporation 
(MCC), and Amy K. Swers, United States Agency for 
International Development (USAID). The interagency 
PREPARE Infrastructure Working Group, which 
provided ongoing guidance and valuable perspective, 
includes representatives from the U.S. Army Corps 
of Engineers, Development Finance Corporation, 
Department of State, Department of Transportation, 
Department of the Treasury, and Trade and 
Development Agency. The PREPARE leadership 
team at the Office of the Special Presidential Envoy 
for Climate (SPEC) and USAID provided significant 
insight and guidance for this initiative. The authors 

would like to acknowledge the leadership and 
contributions of Christina Chan, former Managing 
Director for Adaptation at SPEC; Amanda McCarty, 
former Senior Advisor at SPEC; Ann Vaughn, former 
USAID PREPARE Director; and Lindsey Doyle, 
current USAID PREPARE Director. 

This document was developed over a two-year 
period through extensive desk research, key expert 
one-on-one interviews, and an in-person workshop 
with global experts from across the international 
development field. Taking a systems approach to 
infrastructure resilience is an emerging concept, 
and there is not yet a significant body of published 
literature or substantial outcomes from implemented 
projects and programs to refer to. As institutions 
have only recently begun embedding a systems 
approach into their processes, current literature does 
not provide a full perspective and understanding of 
the latest initiatives, successes, and challenges in this 
promising area of practice.

Transportation, energy, buildings, and natural systems are interconnected in this urban context.  
Credit: Shutterstock
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To capture and build on the most current knowledge 
and innovation on systems thinking, MCC and 
USAID conducted initial expert interviews in July 
and August 2023, and an in-person workshop on 
September 26, 2023, in Washington, D.C., hosted 
by MCC and co-chaired by USAID. Participants 
came from across the U.S. government as well as 
other international finance institutions and non-
governmental organizations active in this area. 

Knowledge from experts and thought leaders, 
gained through the interviews and the workshop, 
complemented desk-based research to ensure that 
the latest challenges and opportunities to integrate 
systems planning into infrastructure development 
are reflected in this paper. A full list of expert 
interviewees, workshop participants, and peer 
reviewers is included in the Annex of Contributors 
and Workshop Participants, and the authors would 
like to thank these individuals for their participation 
and expert insight, which helped shape the document 
into a thought leadership and action-oriented output. 

In addition, the authors would like to acknowledge 
the extensive technical and country team support 
from the many MCC and USAID staff who reviewed 
the document and provided comments, as well as the 
valuable contributions from MCC’s Private Sector 
Advisory Council, Energy and Climate Subcommittee, 
which held a focused workshop on this topic (Spring 
2024) to comment on this initiative and report.

ICF provided research and technical support to 
conduct interviews, organize the workshop, and 
draft the content of this paper. Authors from ICF are 
Joanne R. Potter, Alec Bernstein, Brad Hurley, and 
Logan Pfeiffer, with editorial and technical support 
from Peter Schultz, Audrey Magnuson, Fiona Price, 
David Ostroff, and others.

When systems are not climate resilient, a single asset, such as a flooded road, can put an entire system at risk. 
Credit: Shutterstock
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HIGHLIGHTS
Infrastructure is not simply a collection of individual 
assets, such as roads, bridges, buildings, dams, or 
power lines. Instead, these assets—and the services 
they provide—are part of an interconnected system 
whose components rely on and affect each other. 
The failure of one infrastructure component can 
trigger simultaneous failures or a cascading collapse 
of other critical services, with profound impacts on 
communities and ecosystems. 

Climate hazards are a growing risk to infrastructure 
investments, acting as threat multipliers that combine 
with existing stressors to exacerbate impacts. Because 
infrastructure is part of an interconnected system, 
planning for climate-resilient infrastructure should 
happen at the systems level. Yet much infrastructure is 
developed on an asset-by-asset basis. 

Transitioning to a systems approach to 
infrastructure resilience1 planning can provide 
important advantages, including:

• Improving the reliability of infrastructure 
services. Infrastructure resilience to climate 
hazards is a property of the system. For example, 
even if a hospital building is resilient to flooding, 
it cannot provide essential services if transport to 
the hospital is impeded by a washed-out bridge.

• Reducing economic losses and improved cost-
effectiveness of investments. An asset-by-asset 
approach can waste time and money by ignoring 
critical interactions among system components 
and the climate risks that occur at broader scales. 
Infrastructure disruptions cost households and 
businesses in low- and middle-income countries 
an estimated $391 billion to $647 billion annually.

• Protecting multiple assets at once. 
Understanding how the individual components 
of an entire network interact allows us to inject 
resources where they will have the biggest impact, 
achieving more cost-effective investments. 
A systems perspective allows funders and 
governments to work smarter to achieve resilient 
infrastructure at scale.

1 USAID defines resilience as “the ability of people, households, communities, countries, and systems to mitigate, adapt to, and recover from shocks and 
stresses in a manner that reduces chronic vulnerability and facilitates inclusive growth.”

Natural systems, such as coastal mangrove forests, should be considered in conjunction with built 
infrastructure systems. Credit: Shutterstock
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• Helping achieve broader development goals. 
Planning at scale strengthens opportunities to 
address environmental, social, and economic 
objectives. A systems approach enables planners 
to identify infrastructure investments that 
support their country’s Sustainable Development 
Goals such as poverty reduction, gender equality, 
clean energy, improved health, and sustainable 
economic development.

A paradigm shift 
A systems approach to infrastructure investment 
represents an opportunity to revolutionize how 
governments and donors maximize their investment 
impact. It allows governments to develop, refine, and 
update—in coordination with prospective funders—a 
strong, climate-informed pipeline of investments 
that addresses future risks and demonstrates a 
coordinated, strategic approach to cost-effective 
infrastructure investment. This can increase donor 
confidence to invest, even in high-risk areas.

Although no countries currently use a comprehensive 
systems approach to infrastructure resilience, 
elements of a systems approach are being used 
for risk assessment and planning. Real-world 
examples of promising approaches are highlighted 
throughout this document.

Clearing the path
To achieve the benefits of a systems approach, 
countries will need to overcome institutional, 
technical, and financial barriers.2 This can be 
accomplished by integrating resilient systems planning 
processes into relevant institutions (and ensuring that 
all infrastructure investments are linked to a planning 
process that accounts for climate change), growing 
decision maker support, collaborating and sharing 
good practices across the development community, 
and supporting efforts to create enabling conditions. 
Specific steps include:

• Identify institutional barriers. Work with 
partners to overcome hurdles and push forward 
a systems approach through policy development 
and institutional processes, led by champions and 
mechanisms for coordination.

2 This paper aims to highlight the importance of improving systems-level planning and implementation to increase resilience to climate change. This 
approach should be undertaken together with other best practices in infrastructure development that reduce environmental and social impacts and strive 
to achieve more equitable and inclusive development outcomes.

Why a systems approach?

A systems approach to infrastructure 
planning can deliver more effective 
and climate-resilient services.

The C40 Finance Facility supported development of a solar plant on a deactivated landfill in Curitiba, Brazil.  
Credit: USAID
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• Pinpoint technical capacity gaps. Work with 
local experts to ensure that technical capacity 
is available to analyze data and incorporate a 
systems approach in planning. Focus on using 
available data to make strategic decisions, 
recognizing that simpler may be better.

• Understand the funding landscape and identify 
enabling financing options. Leverage existing 
funding channels and maximize opportunities for 
public and private financing for systems resilience. 
This may include incorporating standards and 
practices and coordination among financing and 
implementing organizations. 

Changing the model of donor 
and country partner support for 
infrastructure resilience
Governments, donors, and investors can unlock 
the benefits of resilient infrastructure systems by 
investing in four areas to address the highest priority 
constraints to systems planning: 

• Support in-country partners’ systems 
approaches to infrastructure resilience. Donors 
should promote systems approaches and provide 
incentives, funding, technical assistance, and 
capacity building to support country partners in 
addressing their institutional barriers, technical 
and data gaps, and capacity constraints.

• Finance projects that contribute to systems 
resilience. Donors should invite and commit to 
funding projects that are part of countries’ plans 
for climate-resilient infrastructure systems.

• Integrate resilient systems planning into 
donor and investor institutions. Development 
institutions should improve their internal 
processes to support infrastructure systems 
resilience. Their investment policies should 
incentivize systems-level processes and outcomes.

• Collaborate across the development 
community and share good practices. Donors 
and investors should work to align investments 
to meet systems resilience priorities and build 
awareness across the development community.

A systems approach

1. Assess climate vulnerabilities and risks 
to systems, not just individual assets.

2. Incorporate systems-level resilience 
considerations into infrastructure 
planning and management.

3. Build in-country capacity for systems-
level assessment and planning.

4. Work with governments, donors, 
and investors to target financing 
to priority adaptation actions to 
achieve systems resilience.

MCC Tanzania expanded electrical 
infrastructure by connecting the Zanzibar 
Archipelago to the mainland via an 
undersea cable. Credit: MCC
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RESILIENCE AT SCALE: 
A SYSTEMS APPROACH 
TO CLIMATE-RESILIENT 
INFRASTRUCTURE 
PLANNING

The case for a systems approach 
to infrastructure resilience 
In late 2023 in Ghana, a woman stands helplessly 
atop the roof of her home, along with her two 
young children. She is watching the floodwaters 
gush through the streets, inundating her home and 
destroying her possessions. A rescue boat floats down 
the street, picking up people stranded on cars and 
rooftops. Homes, trash dumps, sewage facilities, and 
other vulnerable infrastructure are flooded. Essential 
services like drinking water and electricity have been 
disrupted and are unavailable. The risks of disease 
outbreak and widespread hunger grow as conditions 
deteriorate and emergency services struggle to reach 
the afflicted. The woman on the roof wonders, when 

the flood water recedes, where she will buy food and 
water to feed her family, how she will earn money to 
pay for the food, how she will rebuild her home, and 
much more. Her fears of the long-term effects of this 
disaster on her livelihood, local businesses, and the 
community culminate in a living nightmare. 

This nightmare was a reality. In 2023, months of 
heavy rains in Ghana led to overflows at two dams 
in the Volta River region, resulting in flooding that 
displaced nearly 26,000 people. The floods devastated 
many downriver communities and agricultural fields 
(Naadi 2023). Inadequate planning, infrastructure, 
and capacity, along with human error, exacerbated 
the consequences and led to cascading impacts. 
Infrastructure had been planned on an asset-by-
asset basis, without considering interconnections 
across systems. Planning also had not accounted for 
climate change, which increases the risk of extreme 
weather events. The dam overflow systems were 
built in the 1960s and were not designed for such 
torrential rainfall, nor did they incorporate measures 
to reduce the impacts of overflow flooding on the 15 
communities downriver of the dams. 

Displaced locals use boats to rescue people and navigate the streets of their community. Credit: Climate Change News
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These critical gaps left essential services, such as 
roads, electricity, and water supply, vulnerable 
and ultimately destroyed. Furthermore, previous 
simulation exercises and the early warning system 
prior to the event were ineffective in alerting 
residents to prepare for the flood. Flood events like 
this already affect 45,000 Ghanaians annually and are 
likely to become more frequent and catastrophic in 
the years ahead unless the nation takes action. 

In fact, Ghana has already started to take action. The 
Global Centre for Adaptation (GCA), the University of 
Oxford, the United Nations Office for Project Services, 
and the United Nations Environment Programme 
(UNEP) worked with Ghana’s government to quantify 
climate adaptation needs across the energy, water, and 
transport sectors and to develop a prioritized roadmap 
of investments, policies, and financing options. Ghana’s 
experience, and the actions the government has taken 
since, point to the potential of new systems-level 
approaches that will help countries build more resilient 
and inclusive infrastructure to withstand the increasing 
threats of climate change.

Benefits of a systems approach
The term “infrastructure” brings to mind roads, power 
lines, water pipes, buildings, and other physical assets, 
but ultimately infrastructure represents investments 
in services such as reliable energy, clean water, shelter, 
effective sanitation, and efficient transportation. 
To continue providing these services in the future, 
infrastructure investments must be resilient to the 
intensifying impacts of climate change projected for 
the decades ahead. They must also account for the 
differentiated needs of the people who ultimately rely 
on these systems.

Systems-level planning

Infrastructure is a mixture of traditional 
(gray) and nature-based investments that 
provide essential services for economic 
development and human well-being. 
To ensure the continuity of these 
services, infrastructure systems must 
be resilient to a changing climate, both 
structurally and functionally. Many are 
not. Systems-level planning can help make 
infrastructure systems (not just individual 
assets) resilient to climate impacts.

Dams exemplify how natural systems like rivers interact with built infrastructure systems such as energy 
generation. Credit: Shutterstock
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Infrastructure is at risk. By 2050, infrastructure 
investors risk losing over half of their portfolio under 
extreme climate change conditions if adaptation 
actions are not taken (Chau et al. 2023; Amenc et 
al. 2023). Avoiding these losses will require upfront 
investment: By 2030, it is estimated that the costs  
of adapting to climate change could be $140 billion  
to $300 billion per year, and $280 billion to $500 billion 
per year by 2050 (GCF 2019). But the net benefit of 
resilient infrastructure is significant, estimated at $4.2 
trillion in low- and middle-income countries over 
the lifetime of new infrastructure. That represents 
$4 in benefits for every $1 invested. The extra cost of 
building climate resilience into infrastructure systems 
is modest, estimated by the World Bank at only 3% of 
overall investment needs (Hallegatte et al. 2019). 

But as the example above illustrates, improving the 
resilience of individual roads and buildings may still 
be ineffective if the larger interconnected system 
cannot deliver the services it was designed to provide.

Infrastructure is part of a complex and dynamic 
ecosystem of natural, built, and human physical and 
non-physical networks (Hallegatte et al. 2019; Hill et 
al. 2019; Duan and Ayyub 2019). In this integrated 
system, components rely on and affect each other. 
In addition, population growth, land use changes, 
environmental degradation, and unregulated 
development interact with climate stressors to affect 
infrastructure in ways that can undermine the systems’ 
ability to continue to provide services. Climate change 
is magnifying the risks to these interactions through 
impacts such as more frequent and severe storms, 
extreme heat and drought, changing coastlines, 
and changing hydrological systems. These impacts 
ripple through infrastructure networks and produce 
cascading impacts across systems, affecting societal 
services, ecosystems, and economies (Carmody and 
Chavarot 2021). Poorer and marginalized communities 
are often hit the hardest.

Traditional approaches to improving infrastructure 
resilience to climate change focus on individual assets. 
But lasting resilience cannot be achieved at this level. 
Rather, governments, development agencies, and 
their partners must plan and develop climate-resilient 
infrastructure systems.3

A systems approach to infrastructure resilience 
provides significant benefits: 

Improved reliability of 
infrastructure services 

The failure of one infrastructure component can 
trigger simultaneous failures or a cascading collapse 
of other critical services because of the strong 
interdependencies across infrastructure systems 
(GCF 2021; Mullan and Ranger 2022). For example, 
even if a hospital building can function following 
a climate disaster, it may not be able to provide 

USAID Jordan improved the country’s water 
supply network by replacing outdated 
components and installing smart meters and 
leak detection equipment. Credit: USAID

3 This paper aims to highlight the importance of improving systems-level planning and implementation to increase resilience to climate change. This 
approach should be undertaken together with other best practices in infrastructure development that reduce environmental and social impacts and 
strive to achieve more equitable and inclusive development outcomes.
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essential emergency or health services if transport to 
the hospital is impeded and medical staff, supplies, 
and those needing care cannot reach the hospital. In 
October 2023 in Sikkim, India, a glacial lake outburst 
flood in the Himalaya washed away 33 bridges,  
2 government buildings, 1 hydropower dam, and  
16 road and highway segments near the Teesta River. 
One event triggered cascading disruptions across 
transport, energy, and governance networks that 
disconnected Sikkim from the rest of India, prevented 
emergency services from reaching those affected, and 
blocked access to hospitals for many communities 
(Kumar and Travelli 2023; Roy 2024). Considering 
interactions among systems in resilience planning 
can help ensure reliable infrastructure services across 
sectors (Hallegatte et al. 2019). 

By integrating systems-wide analysis of risks and 
understanding the critical links across assets and 
networks, investments can be targeted to reduce 
the risk of system disruption and damage, both 
during extreme events and due to long-term climate 
change stressors. 

Reduced economic losses and improved 
cost-effectiveness of investments 

Infrastructure disruptions impose costs ranging from 
$391 billion to $647 billion annually on households 
and businesses in low- and middle-income countries 
(Hallegatte et al. 2019). Improving the reliability of 
infrastructure services can support economic growth 
by reducing economic losses across the economy and 
improving the livelihoods of people. Systems analysis 
helps identify and address risks to critical links and 
components, creating a more robust system that is 
less vulnerable to disruptions—and the costs they 
incur (Carmody and Chavarot 2021; Chavarot et al. 
2022; UNEP 2021).

Designing adaptation measures at the systems level also 
results in more cost-effective adaptation investments. It 
supports consideration of the broadest range of options 
to provide reliable infrastructure services (e.g., through 
the choice of sites for infrastructure, which can have 
a significant impact on both costs and reliability). 
Systems-level adaptation strategies—strategies that 
address the functional vulnerabilities of a system’s 
interconnected elements—can reduce risks across 
multiple assets, thereby building the resilience of the 
entire system. For example, the use and maintenance 
of nature-based solutions such as bioswales—channels 
designed to concentrate and convey stormwater runoff 
while removing debris and pollution—to enhance 
drainage along a group of primary roads increases 

“When we move from the project level 
to a systems level, one of the key benefits 
is minimizing the transaction cost at the 
project level so that we are not creating 
another roadblock for investment.”

— Stephane Hallegatte, Senior Climate 
Change Advisor, World Bank, 9/26/2023

Considering larger systems and system 
interconnections—such as among water,  
food, and energy systems—can improve the 
resilience of infrastructure. Credit: Shutterstock
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the resilience of the entire transportation network 
(Alfred Grünwaldt, IADB, pers. comm. 2024). When 
a systems-level strategy is in place, emergency relief 
construction funds can be targeted to build or restore 
critical infrastructure that helps to strengthen long-
term systems resilience.

Adaptation measures that are taken at the asset level 
can likewise have system-wide benefits if that asset is a 
critical component of an overall network. But often the 
systems benefits of improving a crucial “weak link” are 
not recognized in cost analysis. The additional cost of 
design changes to protect a single exposed critical asset 
could increase a project’s overall costs by 30 percent or 
more. However, the benefits of this investment accrue 
to the whole system. When the cost of this system-
wide benefit is considered against the total investments 
made in the system as a whole, the increase to overall 
costs may be only 3 percent to 5 percent (Stephane 
Hallegatte, Planning Climate Resilience Infrastructure 
Systems Workshop, 2023).4 Development practitioners 
typically evaluate climate adaptation costs on an 
asset-by-asset basis, and decision makers have often 
been reluctant to approve the additional costs given 
the perceived political and financial risks. Switching 
to a systems-level view of adaptation investments can 
increase buy-in for these improvements because their 
incremental cost is lower when assessed from a  
systems perspective.

Framing infrastructure development through a 
systems lens helps infrastructure planners identify the 
highest priority needs, design investments accordingly 
(ADB and GCA 2021), and align investments 
with their National Adaptation Plans. Prioritizing 
investment options will allow decision makers to 
understand and manage the exposure of infrastructure 
systems and individual assets, as well as other 
socioeconomic implications of physical climate risk 
(Carmody and Chavarot 2021). Engaging with local 
communities and community-based organizations 
(CBOs) will help decision makers and donors identify 
and avoid social and environmental risks.

A community-driven flood warning 
system for Nairobi: DARAJA

Infrastructure systems are more than 
concrete and steel; they involve the people 
they serve. In Kibera, Nairobi’s largest 
slum, citizens are mobilizing and building 
climate resilience by implementing early 
warning system infrastructure. Funded by 
the UK Meteorological Office and the UK 
Foreign, Commonwealth & Development 
Office (FCDO), DARAJA (Swahili for 
bridge), pairs Kenyan Meteorological 
Society weather forecasts with activists 
trained to interpret them. These trained 
citizens translate forecasts and text them 
out to residents. Volunteers mobilize to 
unclog drains, clear drainage paths, and 
inform local residents of the upcoming 
flood risks. Ninety-eight percent of the 
residents state that they use DARAJA 
information services to prepare for 
extreme weather through actions that 
avoid damage and loss, such as repairing 
their homes/roofs (+300% on baseline), 
moving possessions to a safe place 
(+166%), cleaning households (+110%), 
and clearing community drains (+68%) 
(Resurgence 2023; Resurgence 2024). 
DARAJA’s approach demonstrates 
inclusive development and builds systems 
resilience to climate change, helping 
to strengthen operational partnerships 
between decision makers and vulnerable 
communities to prevent economic and 
infrastructure damage due to extreme 
precipitation and flooding events.

4 Subsequent references to presentations made at this workshop are cited as “Systems Workshop, 2023.”
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System-based prioritization can also support donors 
in making coordinated, synergistic investments 
across their respective funds. Development agencies, 
partner governments, communities, and private-sector 
investors will be better able to identify investment 
opportunities targeting priority components of a 
system-wide plan (Chavarot et al. 2022). This also 
helps investors avoid the unintended consequences 
of piecemeal investments, including investments that 
unintentionally increase vulnerability rather than 
reduce it by not adequately accounting for climate 
change in infrastructure systems. This approach allows 
governments to present to prospective funders a strong, 
climate-informed pipeline of investments that addresses 
future risks and demonstrates a robust plan of action. 

For example, with support from the World Bank, 
Ho Chi Minh City built on decades of planning to 
invest in flood mitigation infrastructure to reduce 
flood impacts that involved multiple donors. Back in 
1999, the Japan International Cooperation Agency 
developed a master plan for drainage infrastructure, 
which helped coordinate investments from the 
World Bank and the private sector in the subsequent 

decades. The plan served as a baseline strategy 
for investments to address flood risk, providing 
a roadmap for donors. However, this initial plan 
considered only historical rainfall patterns rather 
than future projections. It also did not anticipate the 
increased development that the new infrastructure 
triggered. Increased urbanization, combined with 
climate change, led to an increase in vulnerability to 
floods in the area (Hallegatte et al. 2012). 

Following several floods, the city government and 
donors, including the World Bank, worked together to 
develop a more robust plan that accounted for future 
climate change and considered interactions between 
new development patterns and more extreme 
flooding. Ultimately, understanding the systems 
implications of infrastructure investments, such as 
donor coordination, has been critical as plans evolve 
to design resilient flood infrastructure in Ho Chi 
Minh City. A systems approach allows governments 
to develop, refine, and update, in coordination with 
prospective funders, a strong, climate-informed 
pipeline of investments that addresses future risks and 
demonstrates a robust plan of action. 

The USAID Philippines program supported mangrove and forest restoration to improve coastal resilience 
and the fishing industry. Credit: USAID
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Support for broader development goals 

A systems approach enables planners to identify 
opportunities for infrastructure investments that 
support their country’s Sustainable Development 
Goals, such as poverty reduction, gender equality, 
clean energy, improved health, and sustainable 
economic development—particularly in communities 
and environments that are most vulnerable to the 
impacts of climate change, such as agricultural 
areas impacted by increasingly severe drought and 
flood events. Risks to residents in informal urban 
settlements—currently home to approximately  
1 billion people globally—are particularly high, as 
an influx of internal migrants move from more rural 
areas to be closer to jobs and services and settle in 
areas that are highly vulnerable to climate impacts, 
such as along steep slopes and waterways. 

Systems-level planning to integrate climate-resilient 
infrastructure, safe housing, access to jobs and 
community services, and citizen engagement can 
reduce climate-related risks and build resilience for 
the most vulnerable populations (Satterthwaite et al. 
2020). At the urban level, programs such as USAID’s 
Building Healthy Cities are taking systems approaches 
to design integrated development and infrastructure 
strategies that ensure the differential needs of women 
and underrepresented groups are fully incorporated 
(UrbanLinks 2023).

Systems-based approaches facilitate the incorporation 
of social and environmental metrics, such as equity and 
access to services, especially when local communities 
are consulted. Similarly, they may put in perspective the 
systemic gains of nature-based solutions—for example, 
in addition to reducing flood risk, rehabilitating 
floodplains often brings biodiversity, livelihoods, 
and recreational benefits. Through the strategic use 
of infrastructure investments, countries can design 
projects that achieve emissions reductions that support 
their nationally determined contributions (NDCs), 
create jobs, and stimulate economic growth—achieving 
multiple goals through each investment (UNEP 2021; 
Adshead et al. 2022). 

Zambezi River Basin 
multi-sectoral investment 
analysis strengthens 
development goals

Severe droughts in Zambia and 
Zimbabwe in 1991 and 1992 caused 
water levels in Lake Kariba to decline 
dramatically, severely impacting 
hydropower generation. The droughts 
exposed the vulnerability of both 
countries to an overreliance on a 
single power source. The results of a 
multi-sectoral investment analysis in 
the Zambezi River Basin, southern 
Africa’s largest river, have shown that 
cooperative water development in the 
watershed could result in substantial 
development benefits, including poverty 
reduction, enhanced energy security, 
efficient agricultural production, 
increased employment, improved 
economic resilience, lower regional 
transport costs, and more reliable 
water supply for urban and industrial 
demand. The Batoka Gorge Hydroelectric 
Scheme was determined as key to this 
integrated plan for both countries, 
and the World Bank has invested in 
studying and financing the investment. 
A systematic sensitivity analysis of the 
design was conducted to understand the 
implications of climate change, upstream 
water use (especially agriculture), 
financing terms, labor costs, and other 
macroeconomic factors that contributed 
to investment decision making (World 
Bank 2010 and World Bank 2018).
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CLEARING THE PATH: 
REMOVING BARRIERS TO 
A SYSTEMS APPROACH 
Despite its many potential benefits, climate-
resilient infrastructure systems planning is not yet 
standard practice. In most cases, governments and 
development partners focus on a project-by-project 
investment process, analyzing each asset decision 
separately. Understanding the overall resilience of 
interdependent infrastructure requires an assessment 
of system vulnerability as well as asset vulnerability. 
Examining this broader dimension provides 
countries and their investors with a more accurate 
and comprehensive understanding of structural and 
functional vulnerability, which then points to key risks 
and priorities for action (Ouyang 2009). 

To date, there are no examples of a country using 
a comprehensive systems approach to improve 
infrastructure resilience to climate change (Michael 
Mullan, Systems Workshop, 2023). A range of 
institutional, technical, and financial barriers must 
be overcome to shift the state of practice (PCCB 
2019). Some countries have begun to develop 

sector-specific plans that include an evaluation of 
systems-level vulnerability—an important step toward 
more comprehensive integrated approaches. These 
examples illustrate strategies that countries can use to 
overcome barriers to systems planning and move to 
more transformative approaches.

Applying a systems approach

The practical steps involved in applying 
a systems approach to infrastructure 
resilience to climate change include:

1. Assess climate vulnerabilities and risks 
to systems, not just individual assets.

2. Incorporate systems-level resilience 
considerations into infrastructure 
planning and management.

3. Build in-country capacity for systems-
level assessment and planning.

4. Work with governments, donors, 
and investors to target financing 
to priority adaptation actions to 
achieve systems resilience.

MCC’s El Salvador Compact helped build several bridges to improve connectivity between the northern zone 
across the Sierra Madre mountains and the rest of the country. Credit: MCC
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The checklist of actions below summarizes concrete actions that countries and development partners can take to 
identify key barriers and strengthen enabling conditions over time.

Actions to Identify Barriers and Strengthen Enabling Conditions for Systems Planning

 □ Identify the institutional barriers that would inhibit a systems approach. Work with partners 
to identify key steps for overcoming these hurdles and push forward a systems approach through 
policy development, support to champions leading the cause, or developing new mechanisms for 
coordination. Example tasks may include:

• Identify key personnel/agencies/departments in national and local governments that are crucial 
in the decision-making process for infrastructure and consider mechanisms to engage them.

• Understand any policy or political limitations that may inhibit a systems approach at all levels 
of government.

• Identify master plans, national strategies, policies, or legislation that account for climate change 
or enable a systems approach.

 □ Pinpoint technical capacity gaps to implement a systems approach. Work with local experts 
to ensure that technical capacity is available to analyze data and incorporate a systems approach in 
planning. Focus on using available data to make smart decisions, recognizing that simple may be 
better. Example tasks may include:

• Identify where climate change information is already used and what data are available.

• Inventory available in situ observed data that could be used to inform systems planning and local 
decision making.

• Identify areas where globally available climate change datasets could be included in analysis/plans.

• Assess available expertise and resources and identify potential training or technical support.

 □ Understand the funding landscape and consider financing options that could enable a 
systems approach. Leverage existing funding channels and maximize opportunities for public and 
private financing for systems resilience by incorporating standards and practices that can be easily 
adopted to improve the attractiveness for funding. Example tasks may include:

• Review previous financing from multi-lateral development banks and bilateral development 
agencies for infrastructure projects and assess the degree of integration with systems approaches. 

• Understand the governmental processes required to solicit infrastructure financing to identify 
opportunities and potential barriers to finance.

• Identify systems adaptation priorities that match donors’ and private investors’ objectives.

• Strengthen internal capacity and systems to work with funders to secure appropriate financing. 
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Institutional barriers

The most significant barriers to a systems-based 
approach to infrastructure planning are often 
institutional. Pivoting away from long-standing 
approaches to infrastructure investment requires 
committed leadership, coupled with institutional 
frameworks and policies that enable this transition. 
While most countries have national climate 
change commitments and plans, the lack of 
legislation, policies, regulation, and guidance to line 
ministries often results in a disconnect between 
high-level policies and sectoral actions. This issue 
is compounded by “stove-piped” government 
institutions that are not accustomed to working 
together and budgets that reinforce those divisions. 
Different ministries and agencies have explicit 
mandates and institutional priorities that may conflict 
with systems resilience priorities (Alfred Grünwaldt, 
Systems Workshop, 2023). Stove-piping can result 
in investments by individual agencies that may 
not contribute to—or even conflict with—national 
resilience goals. 

Further, coordination with other entities is typically 
not considered part of a ministry’s responsibilities, 
and few if any incentives exist for them to invest time 
and resources in working cross-agency. The lack of 
strong planning ministries or executive units able 
to coordinate across sectoral, environmental, and 
finance ministries hampers the ability of governments 
to design and implement strong and coordinated 
long-term strategies. For example, a Ministry of 
Public Works may be reluctant to use nature-based 
solutions to address systems-level flood management 
because it does not have the authority or budget 
to maintain ecological systems and would need 
to rely on an environmental ministry. Translating 
plans into practice can be challenging without a 
strong overarching policy framework, clear lines of 
responsibility for implementation, and the appropriate 
institutional structure and incentives for coordination. 
This can require shifts in traditional processes, new 
communication mechanisms, and augmented budgets.

Consistent, visionary leadership is also required to 
steer complex institutions toward systems approaches. 
The benefits of systems-level analysis to address 
climate risks can be difficult to communicate and 
may take time to achieve. Government leaders may 
prioritize simpler and short-term project investments 
that have broad appeal or are favored by powerful 
interests. Frequent turnover in elected leaders 
undercuts continuity in pursuing a long-range vision 
of resilience. In addition, corruption may drive 
infrastructure project development that is suboptimal 
or maladaptive to the overall system. 

Blue Spot Analysis: A 
holistic approach to the 
Dominican Republic's road 
infrastructure system
The Dominican Republic Ministry of 
Public Works and Communications, 
with the support of the Inter-American 
Development Bank (IDB), financed 
Resilient Transportation Infrastructure – 
Blue Spot Analysis in 2020 as a pioneering 
solution to support government  
institutions and decision makers in 
prioritizing investments in transport. This 
holistic approach examined the entire  
road/infrastructure network to identify the 
most critical areas to address to improve 
system performance during climate events. 
The approach included an inventory of 
the entire road network, use of available 
modeling to identify the most high-risk 
locations, identifying the most significant 
areas that are vulnerable to damage and 
economic loss, prioritizing investments, 
and developing a visualization tool and 
training for key government personnel 
(Global Infrastructure Hub 2018b).
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The lack of buy-in at the top levels of government 
results in a weak mandate for ministries and line 
staff. Absent clear direction, government ministries 
lack a clear purview and authority to conduct risk 
analysis and planning efforts to achieve transformative 
resilience. But mandates alone are not enough. To 
be willing to take a new approach, staff need to 
understand how systems analysis can help them 
achieve their responsibilities and deliver better 
results. Cultivating true institutional buy-in takes 
time, evidence, and ongoing discussion (Arghya Sinha 
Roy, ADB, pers. comm., September 2023; Alfred 
Grünwaldt, IADB, pers. comm., 2024).

Countries have begun to address these institutional 
challenges in several ways, catalyzed by strong leaders 
and donor support. Strategies to address institutional 
challenges include:

• Engage and support resilience champions.

• Strengthen institutional policies, alignment, 
and coordination.

• Develop enabling policies and enact legislation to 
provide the necessary authority and resources to 
key agencies.

• Integrate vertically across different levels of 
government.

Engage and support resilience champions

Having an individual or organizational champion with 
decision-making power helps accelerate and improve 
systems planning efforts. A trusted local champion 
who understands the value of systems thinking can set 
the tone for embedding systems planning into existing 
processes across ministries. Identifying and charging 

Addressing institutional barriers

The first step toward addressing 
institutional barriers to systems-level 
approaches to infrastructure resilience 
is to identify those barriers, which may 
not always be obvious. For example, in 
Ghana, the government identified its 
priority areas for capacity building through 
a self-assessment, using the Capacity 
Assessment Tool for Infrastructure 
(CAT-I). The findings helped Ghana and 
its donors focus training and technical 
support on the most significant institutional 
barriers (GIZ and UNEP 2022).

MCC’s Moldova Compact rehabilitated a 96-km stretch of road to improve passenger and commercial traffic flow, 
supporting economic development and access to services. Credit: MCC
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a champion with leading these efforts can help ensure 
that connections are made whenever necessary and 
efforts are targeted in the right areas to consider and 
implement systems resilience. A resilience champion 
can catalyze coordination and collaboration across 
ministries, agencies, and donors, and should be 
supported to build on existing institutional knowledge 
to integrate systems thinking into investments. 

Strengthen institutional policies and 
processes for alignment and coordination

Creating organizational structures that facilitate 
and incentivize coordination helps governments 
overcome traditional institutional barriers to systems 
approaches. This can be achieved by empowering a 
strong planning ministry or executive unit able to 
coordinate across sectoral, environmental, and finance 
ministries—supporting the ability of governments 
to design and implement robust and coordinated 
long-term strategies. Inter-ministry working groups 
can be created to conduct coordinated analysis and 
develop effective plans for systems investments. 
Establishing the appropriate institutional structure for 
coordination, along with clear lines of responsibility 
for implementation, helps countries develop well-
integrated plans and translate these plans into 
practice—improving resilience through investments 
across line agencies and levels of government.

Develop enabling policies and enact 
legislation to provide the necessary 
authority and resources to key agencies 

Establishing a strong overarching policy framework 
and enabling legislation provides the policy 
framework and mandate that enables government 
ministries to take action. This may include 
institutional changes, such as expanding the authority 
and resources of specific ministries or establishing 
new entities focused on whole-of-government 
coordination. Legislation to require government 
infrastructure investments to incorporate systems-
level considerations, including climate risks, helps 
ensure that financing is steered to projects and 
programs that build systems resilience. Further, 

MCC supports systems 
planning with a resilience 
champion in Indonesia

MCC’s work with the Government of 
Indonesia through the $350 million Advancing 
Transport and Logistics Accessibility Services 
Project (ATLAS) program demonstrates how 
the agency is moving toward systems planning 
in infrastructure development. The ATLAS 
project works in five provinces where transport 
and logistics need improvement. ATLAS 
collaborates with municipal governments to 
develop sub-national government capacity 
and investment guidelines that will create 
a prioritized roadmap to facilitate greater 
capacity for infrastructure planning and 
preparation at the local level across the 
country. Investing in improving the capacity 
for infrastructure planning will increase the 
efficiency of delivering investments while 
improving the quality of infrastructure. 

ATLAS also demonstrates how a local 
champion in the Government of Indonesia 
can help push forward systems thinking 
initiatives through partnerships with 
countries. In Indonesia, respected individuals 
within the Ministry of Finance have 
mobilized other ministries to coordinate and 
align priorities. MCC identified a champion 
through its work with the Ministry of Finance 
and collaborated with that person to make 
the case for a new approach. The credibility 
of systems thinking across ministries and 
levels of government gained traction due to 
the leadership of the Indonesian champion, 
paving the way for MCC’s engagement (Jason 
Jones and Marycel Tuazon, MCC, pers. 
comm., 25 August 2023 and MCC 2023a). 
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policies that promote upstream systems-level 
approaches with a primary purpose of delivering 
adaptation and resilience benefits demonstrate 
countries’ commitment to a coordinated, strategic 
investment approach. This increases donor confidence 
to invest even in high-risk areas (Arghya Sinha Roy, 
Systems Workshop, 2023). 

Integrate vertically across 
different levels of government

In addition to horizontal coordination across 
ministries, it is important to align and integrate 
priorities across local, regional, and national 
jurisdictions, as well as with sovereign nations 
where they are present. This requires top-down 
and bottom-up coordination and dialogue among 
national ministries and local governments, including 
inclusive engagement across diverse constituencies. 
Clear and consistent planning and investment policies 
and requirements are needed to reinforce systems-
level approaches to infrastructure investments, from 
the national level to the local level. For example, in 
South Africa, national laws that focus on operational 
resilience in the banking sector (Directive 2021/10) 
are embedded into local municipal laws, which can 
more easily be operationalized into action (Vladimir 
Stenek, IFC, pers. comm., 24 August 2023). As a 
result, all banks in South Africa were required to 
develop and implement operational risk management 
and resilience plans by June 2023. 

Technical barriers

Developing countries often face constraints in 
staff capacity, technical expertise, data availability, 
and technical tools. Country partners may have 
limited staff and expertise to access and work with 
climate information, conduct vulnerability and 
risk assessments and stress tests, perform complex 
systems analysis, develop and assess adaptation 
strategies, implement adaptation actions, and monitor 
and manage systems performance. 

Coordinating plans, policies, 
and institutions in the 
Philippines through USAID’s 
Safe Water project

More than 30 agencies in the Philippines 
are involved in the water sector, so planning 
and coordination can be challenging. In 
2023, the Government of the Philippines 
created the Water Resources Management 
Office (WRMO), which is charged with 
leading and coordinating across national 
government agencies on water-related 
functions. At a sub-national level, 
USAID’s Safe Water project supported 
the Provincial Integrated Water Security 
Plans, which have been adopted by the 
WRMO and enable local governments 
to contribute to achieving universal 
water supply access and strengthen water 
management. Coordination at the national 
and sub-national levels have helped the 
Philippines shape decisions, allocate 
more funding for water security activities, 
and create organizational structures to 
support the development of improvement 
programs and plans (USAID 2023).

USAID Philippines supported the Palawan 
government to develop a climate-resilient water 
intake structure to supply water. Credit: USAID
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Attracting and retaining personnel is also a significant 
challenge because resource-constrained government 
agencies and research institutions compete with 
the private sector and global employers for trained 
staff (UNFCCC 2023). In some cases, donors and 
their country counterparts have overcome this 
constraint by engaging external specialists to conduct 
analyses and provide data products. However, while 
these products are valuable and provide a short-
term benefit, this approach is costly (relying often 
on international staff) and often leaves no lasting 
staff capacity within the country, thus constraining 
development. This acts as a brake on the rapid 
replication and widespread use of highly technical 
analyses (Hallegatte et al. 2019; UNFCCC 2023). 

Data gaps, fragmentation, and poor data quality—
as well as limited access to data management and 
analysis tools—constrain the ability of technical 
staff to conduct robust assessments and informed 
planning. Information on the location, design, 
condition, use, and performance of infrastructure 
assets and network components is often incomplete 
and inaccessible. Constraints on data availability also 
include institutional issues such as data ownership, 
intellectual property, and sharing limitations. Data 
gaps can be particularly challenging for planners in 
difficult-to-access areas with the most vulnerable 
populations, including urban slums and rural areas 
with poor communication (UNFCCC 2023). 

As the dynamics of climate change become 
increasingly frequent and complex, the technical 
challenges in understanding and managing climate 
risks increase as well. Climate uncertainty may 
interact with other stressors within a system; this 
dynamic combination of factors can be challenging 
to decision makers with limited technical resources 
and data to understand climate change. Traditional 
infrastructure systems planning has not adequately 
considered these evolving combinations of climate 
risks and uncertainties. Responses to these challenges 
require tailored information products for specific 
users and applications.

Data providers’ ability to collect and integrate 
multi-hazard data and generate alerts is limited, and 
multiple U.S.-funded support programs are working 
to address these information gaps to support more 
robust country decision making (USAID 2020a). 
As multi-hazard events become more common, 
understanding the connections across systems 
becomes more critical to build resilience. Compound 
climate hazard events can lead to significant cascading 
impacts across systems and sectors, especially 
for vulnerable infrastructure, populations, and 
ecosystems. These compound climate hazards act 
as a threat multiplier that combines with existing 
stressors and exacerbates the impact on unprepared 
infrastructure systems (Sherri Goodman, Systems 
Workshop, 2023). 

Stress-testing for climate risk 
to determine the most effective 
infrastructure investment 
needs at the systems level

Climate change poses risks to infrastructure 
systems in southern Africa, but the lack 
of data has made it difficult for donors 
and countries to know how to prioritize 
resilience investments. The World Bank 
assessed the region’s energy and water 
infrastructure needs by stress-testing 
the connected electricity and water 
resource systems with different climate 
change scenarios to understand the 
most vulnerable components and most 
effective infrastructure investment needs. 
Working with country partners, World 
Bank used this analysis to plan robust new 
infrastructure and enhance the readiness of 
African countries to use climate finance to 
increase infrastructure resilience (Cervigni 
et al. 2015; ASCE 2018; ASCE 2022).
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Strategies to address technical barriers include:

• Support data collection, management, and 
sharing across institutions.

• Use best international practices at a local level, 
including integration of performance metrics, 
standards, and codes.

• Use tools and frameworks to leverage data and 
comprehensively plan and manage assets.

• Integrate systems planning into the entire 
infrastructure life cycle.

Support data collection, management, 
and sharing across institutions 

Implementing a data collection and management 
strategy will help institutions build critical datasets that 
can inform systems planning and adaptive management 
processes. Even better, organizations with similar data 
needs can coordinate to gather data and co-manage 
systems and share information to inform systems 
analyses. For example, a country’s land use planning 
ministry can work with the transportation ministry 
to collect and share data on existing infrastructure, 
climate vulnerability, social demographics, and other 
common data needs when planning large transportation 
investments. This includes drawing on the knowledge 
and experience of communities and indigenous peoples 
to understand observed climate conditions, impacts, and 
resilience strategies. For instance, water service providers 
(WSPs) in Kenya during the COVID-19 pandemic were 
required to provide handwashing stations, and USAID’s 
Water, Sanitation, and Hygiene Finance (WASH-FIN) 
program exposed the financial and data gaps for WSPs 
to meet this target (USAID 2020b). 

Different sectoral ministries generate valuable data that 
can inform other sectors as they identify development 
objectives to which they could contribute. For 
example, USAID’s Bureau of Humanitarian Assistance 
(BHA) is developing a geospatial database to track 
BHA’s infrastructure projects by type and purpose  
and have data on dimensions, locations, costs, 
conditions, and capacities. These data can be leveraged 
to inform further development investments.  

Watershed planning to develop 
projects and engage private 
investors in South Africa

With support from USAID, the C40 Cities 
Finance Facility (CFF) funds climate 
adaptation projects that embed systems 
thinking, helping cities finance inclusive 
and equitable projects that focus on 
climate change mitigation and resilience. In 
Durban, South Africa, funding from CFF 
is being used to develop a business case 
for a Transformative River Management 
Programme (TRMP). TRMP will adapt 
7,400 km of streams and rivers to mitigate 
the impacts of flooding and drought 
projected in the future. The business case 
will use cost-benefit analysis to persuade a 
range of funders, including the municipality 
itself, businesses and property owners 
in Durban, and global climate funders, 
to make the investments required. The 
projects will have significant benefit in the 
riverine corridor, such as job opportunities, 
green economy, and natural open spaces 
for recreation that will promote private-
sector engagement and investment. 

USAID South Africa’s water supply work in Cape 
Town aims to diversify the city’s water supply 
and reduce risks from drought. Credit: USAID
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The 50x2030 Initiative is working in 50 countries to 
build more robust data on agriculture, supported by 
multiple donors (World Bank Group 2023; USAID 
2020b). These data can enrich systems thinking for 
infrastructure planning across energy, transport, water 
resources, and other sectors. 

Working with common datasets, assumptions, and 
methodologies facilitates a coordinated planning 
process across government agencies and helps 
organizations optimize the information available. Even 
with limited data, this collaboration helps improve 
analysis and address systems-level challenges (Alfred 
Grünwaldt, Systems Workshop, 2023). 

Use best international practices at a local 
level, including integration of performance 
metrics, standards, and codes 

Using proven practices, such as performance 
standards and codes that enable enhanced climate 
resilience in infrastructure planning, design, and 
operation, can improve outcomes and build on 
tested approaches. Ongoing efforts and guidance 
by engineering professional societies, such as the 
American Society of Civil Engineers (ASCE) include 
sustainable resilience metrics for infrastructure 
(ASCE 2021). 

Systems resilience assessment in Jamaica 

The Coalition for Climate Resilient Investment (CCRI) worked with the Government of Jamaica to 
implement the CCRI Systemic Resilience Assessment Tool. The pilot project examined the exposure 
of Jamaica’s transport, water, and energy sectors to physical climate risk and identified “hot spots” that 
indicated where investments in climate resilience would have the most impact. The analysis—supported 
by the University of Oxford, UK FCDO, and the Green Climate Fund—enabled Jamaica to prioritize 
investments, maximize socioeconomic value, and identify opportunities for nature-based solutions 
(Legacy Programme n.d.).

The World Bank’s decision tree framework for resilient water systems  
in Mexico City

Stress-testing systems under a range of future scenarios helps pinpoint critical vulnerabilities under 
different conditions and prioritizes the most effective interventions. 

The World Bank evaluated Mexico City’s water supply through a comprehensive human-hydrologic 
modeling tool accounting for the human influence on the physical water cycle and implications for 
water supply in the city. Stakeholders from all sectors contributed to the cross-sectoral integration of the 
model, which integrated aspects of infrastructure, societal decision making and policy choices, natural 
resources, and climate change. The system was stress-tested to understand vulnerable points and results 
were used to prioritize infrastructure improvements to the city’s water system that maximized reliability 
and resilience of the supply for all users. Investment opportunities uncovered during this process could 
alleviate water stress in Mexico City, including rainwater harvesting and other demand-side adaptations 
in addition to the implementation of large new infrastructure, such as water supply dams and pipe 
networks (St. George Freeman et al. 2020).
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Use tools and frameworks to leverage  
data and comprehensively plan and 
manage assets 

Building on existing frameworks, such as UNEP’s 
International Good Practice Principles for Sustainable 
Infrastructure (UNEP 2021), can help countries 
begin to take a systems-level approach. Tools that 
have been successfully applied include the Coalition 
for Climate Resilient Investment (CCRI) Systemic 
Resilience Assessment Tool (see box on previous page 
for an application in Jamaica), Ghana’s infrastructure 
assessment approach (GIZ and UNEP 2022), and 
the World Bank Decision Tree (St. George Freeman 
2020 and Paltán n.d.). They include assessment 
and prioritization methods that can support a 
systems approach. 

Countries are using coordination frameworks to 
build cross-sectoral institutional and technical 
capacity, develop processes, and define actions and 
responsibilities across ministries. In Ghana, as part of 
the country-wide climate infrastructure assessment, 
ministries co-developed a plan to address disjointed 

efforts and create synergies across sectors. As one 
measure, the roadmap prioritized a centralized 
climate risk data management system to provide more 
complete, efficient, and aligned data for decision 
makers. This improved data quality, streamlined 
data management, and improved access to data 
across infrastructure ministries and sectors (GIZ and 
UNEP 2022).

It is important to use tools and techniques that are 
feasible given a country’s existing capacity and data 
constraints, accessible to in-country staff, and fit for 
use in the local context. For instance, in countries with 
daily power outages or regular road washouts during 
the rainy season, the tools to improve the energy sector 
or road transport resilience may be much simpler but 
still effective to improve conditions beyond the status 
quo (Stephane Hallegatte, Systems Workshop, 2023). In 
data-scarce environments, using simplified geographic 
information system tools to layer information onto 
maps (such as critical infrastructure nodes, climate 
risks, and utility connections) can help paint a clearer 
picture of system and network connections (Cervigni  
et al. 2015; ASCE 2018; ASCE 2022).

Urban centers like this one demonstrate critical nodes in system networks. Credit: Shutterstock
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Integrate systems planning into the 
entire infrastructure life cycle 

Systems resilience should be assessed and integrated 
at each stage of the infrastructure life cycle, from 
planning to construction, operation, and beyond. 
During the initial systems planning process, 
policymakers, planners, environmental and social 
experts, financiers, builders, engineers, local 
stakeholders, and community members should 
be engaged to ensure that all perspectives and life 
cycle phases are considered. As components of 
an integrated plan are constructed and move into 
operation, managers should maintain a systems 
perspective to ensure that operational decisions 
continue to support systems resilience. An ongoing 
monitoring and evaluation process to track systems 
performance and external conditions—including 
climate change—will support managers in optimizing 
systems resilience.

Financial barriers     

Current public and private investment in resilient, 
quality infrastructure is far less than required, making 
it difficult for countries to plan and implement a 
strategic pipeline of projects. UNEP estimates that 
the annual difference between financing available 
for climate adaptation and total need in developing 
countries is $194 billion to $366 billion, increasing 
to $315 billion to $565 billion by 2050 (Standard 

Chartered et al. 2024; UNEP 2023). The Asian 
Development Bank (ADB) estimated financing 
needs for regional hard infrastructure to be $459 
billion per year from 2017, or about 2.4 percent of 
developing Asia’s GDP. When the expected need for 
funding “social” infrastructure (such as health and 
education) is included, the gap doubles to $907 billion 
(Ra and Li 2018). Moreover, in Latin America and 
the Caribbean, the Inter-American Development 
Bank (IDB) concludes that the region needs to boost 
investment in infrastructure from 1.8 percent of its 
regional GDP to 3.12 percent (Brichetti et al. 2021) to 
close the existing infrastructure gap. The unmet need 
for adaptation financing for urban infrastructure is 
partially driven by the focus on climate mitigation. 
Ninety-eight percent of total urban climate financing 
for the transport and building sectors in 2017 and 
2018 went to investments in mitigation projects ($377 
billion), while only 2 percent ($7 billion) was devoted 
to adaptation projects (Cities Climate Alliance 2021).

The lack of sufficient investment is driven by several 
factors. Investors cite an overall lack of bankable 
projects that meet their investment requirements. At 
the same time, the lack of analytic tools to quantify 

“It is very important to understand 
the whole picture of risk and to 
ensure that these risk considerations 
are understood across the entire life 
cycle of the infrastructure system.”

— Arghya Sinha Roy, Senior 
Climate Change Specialist, Asian 
Development Bank, 9/26/2023

Electrical technicians inspect and maintain 
solar panels on Karampuang Island, Indonesia, 
to extend the life cycle of the energy 
infrastructure. Credit: MCC
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the physical risk of climate impacts to specific 
infrastructure investments makes it difficult for 
investors to assess the financial risks and prospective 
returns on potential investments. This can lead 
financers to make more conservative decisions about 
potential investment opportunities. Further, the 
timing and magnitude of climate impacts is uncertain, 
and the benefit of adaptation investments—such 
as increased resilience during a severe storm—may 
not be realized by the investor during the timeframe 
of their investment. The uncertainty inherent in 
climate projections grows larger for more distant 
future years, which is especially relevant for major 
capital investments where the anticipated service 
life of infrastructure spans decades. The lack of a 
clear market signal to potential investors discourages 
countries from incorporating the upfront costs of 
resilience into their infrastructure plans. Further, the 
lack of a clear physical and economic assessment 
of risks leaves investors with little confidence in 
the strength of their investment (Carmody and 
Chavarot 2021).

While inadequate capital investment is a major 
concern, the lack of financial resources to support 
institutional strengthening and upstream planning 
is also a significant constraint. Traditionally, 
donor funding has been focused heavily on capital 
investment but not on the enabling upstream 
capacity to conduct systems-level risk assessment, 
prioritization, and planning; build institutional 
frameworks; and conduct policy reform. This gap 
contributes to the inability of infrastructure agencies 
to develop a sound pipeline for infrastructure 
investments. These weaknesses are often compounded 
by lack of coordination among donors and investors 
with different funding objectives, along with  
donor/investor requirements that countries find 
challenging to meet, including demonstrating project 
readiness, meeting project performance criteria, 
assembling financial packages, and developing 
performance monitoring and management capacity.

Strategies to address financial barriers include:

• Revise government funding requirements 
to reflect and align with national policies for 
systems resilience.

• Promote donor investments that increase the 
resilience of country systems and align with 
country priorities.

• Strengthen financial risk management analysis 
and resources to support private-sector 
investment.

• Develop a stronger pipeline of bankable projects 
that contribute to systems resilience.

• Engage private companies operating within 
partner countries on shared infrastructure needs.

Thermal power plants support a baseline energy 
supply, ensuring stability and resilience in 
energy systems. Credit: Shutterstock
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Revise government funding requirements 
to reflect and align with national 
policies for systems resilience 

Government funding and procurement processes 
should incorporate broader systems-level 
considerations and create incentive mechanisms 
to integrate systems-level planning both within 
individual ministries and across sectoral agencies. This 
process can be facilitated through the development of 
a multi-agency systems investment road map that lays 
out a plan for investments over time (Arghya Sinha 
Roy, ADB, Systems Workshop, 2023). 

For example, the Government of Kenya has 
implemented requirements for mandatory disaster 
risk insurance coverage in power purchase 
agreements, which is used to help finance repairs and 
reconstruction after a disaster. This approach also 
creates an incentive for infrastructure owners and 
operators to reduce risks so they pay a lower premium 
for more resilient assets, which improves energy grid 
reliability (Hallegatte et al. 2019). 

South Africa’s Budget Facility 
for Infrastructure 

South Africa’s Budget Facility for Infrastructure 
(BFI) is a budgetary reform initiated by South 
Africa’s National Treasury to deliver large 
infrastructure projects that consider climate, 
social, and economic objectives and align 
across government agency responsibilities. 
The BFI is a financing facility that is managed 
jointly by the National Treasury, Presidential 
Infrastructure Coordination Commission, the 
Departments of Planning, Monitoring and 
Evaluation, and the Department of Economic 
Development. The facility vets submitted 
infrastructure projects and prioritizes 
projects that meet submission requirements, 
including those that are clearly identified 
as a national priority and are very large 
and strategic interventions with long-term 
impacts (Global Infrastructure Hub 2018).

MCC Malawi’s energy sector reform included investment in improving the capacity and financial viability 
of the national utility. Credit: MCC
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Promote donor investments that increase 
the resilience of country systems 
and align with country priorities 

Developing agreements among donors and countries 
to support a strategic roadmap of prioritized 
investments over the long term will support countries 
in achieving robust and cost-effective infrastructure 
services. The effectiveness of this approach was 
demonstrated by the joint efforts of multiple donors 
with the Government of Thailand to develop a joint 
strategy for a Bio-Circular-Green economy (see box 
on page 37) (OPEC 2023). This coordinated support 
can be reinforced by donor efforts to streamline 
requirements for funding based on an overarching 
long-term agreement that articulates objectives, 
performance requirements, and processes for 
collaboration over time. 

Strengthen financial risk management 
analysis and resources to support 
private-sector investment

Systems analysis of financial risks related to climate 
change can provide potential investors with more 
accurate information about exposure risks and an 
economic rationale for resilience measures that protect 
systems performance. It also supports the application 
of risk management products (such as parametric 
insurance, green revolving funds, and national disaster 
funds) to protect investors and enable government 
services. As risks are more effectively assessed and 
quantified, new models for climate-informed insurance 
are emerging. For example, the Climate Insurance-
Linked Resilient Infrastructure Financing is providing 
long-term (10-year) municipal insurance to cities in 
South Africa and the Philippines, with plans to expand. 
A new guide for private-sector investors discusses 
mechanisms for private investment and offers an 
adaptation and resilience investment framework to 
assist investors in identifying and assessing eligible 
projects (Standard Chartered et al. 2024).

Develop a stronger pipeline of 
bankable projects that contribute 
to systems resilience

Together, the steps above will support countries in 
developing a stronger, prioritized list of projects 
ready for investment that clearly reflect the principles 
outlined above and will contribute to resilient 
infrastructure systems. In turn, this pipeline sets the 
stage for countries to engage both private- and public-
sector investors. 

Engage private companies operating 
within partner countries on 
shared infrastructure needs

Private actors often invest in infrastructure that directly 
affects their supply chain. Companies have invested 
in climate-resilient infrastructure to protect against 
flooding, extreme heat, and coastal hazards (Chau et 
al. 2023). Engaging with companies that are exposed to 
the same types of climate impacts as other stakeholders 
can be a useful way to identify where public investment 
is needed in relation to where private sources are 
planning to contribute, or instances in which public-
sector concessional finance or risk insurance can help 
catalyze private-sector investments.

USAID Kenya’s WASH-FIN program supports 
surveys and designs for water projects to inform 
commercial financing proposals. Credit: USAID



30 Resilience at Scale: A Systems Approach to Climate-Resilient Infrastructure Planning

CHANGING THE  
MODEL OF DONOR  
AND COUNTRY  
PARTNER SUPPORT
Partner governments, donors, and investors can 
unlock the benefits of resilient infrastructure systems 
by strategically tackling the barriers identified above 
and investing in four areas: 

• Support in-country partners’ approaches to 
infrastructure systems resilience.

• Finance projects that contribute to 
systems resilience.

• Integrate resilient systems planning into donor 
and investor institutions.

• Collaborate across the development community 
and share good practices.

Donor Actions to Advance Systems Planning

 □ Support in-country partners’ approaches to infrastructure systems resilience. Provide 
funding and technical support to countries to develop a strong enabling environment for climate-
resilient systems planning. Example actions may include:

• Invest in countries’ systems-level climate vulnerability and risk assessments and network analyses, 
including gathering and applying data that enable systems-level analyses.

• Provide extended technical support to build in-country capacity over time to conduct 
vulnerability assessments and design systems-level adaptation strategies.

• Support countries in developing strategic plans for resilient infrastructure systems that build a 
pipeline of bankable projects and align with national development goals.

• Fund institutional and policy assessments to pinpoint key barriers and identify priorities for 
capacity building, policy development, and organizational change to enable systems planning.

• Provide extended technical support to design and implement institutional and policy reforms.

As precipitation patterns change, it is 
critical that water supply systems adapt 
accordingly. Credit: Unsplash
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 □ Finance projects that contribute to systems resilience. Commit to funding and enabling 
projects that are part of countries’ plans for climate-resilient infrastructure systems. Example actions 
may include:

• Provide financial incentives to partner countries to conduct resilient infrastructure systems 
planning, including preferential investment in priority infrastructure.

• Fund investments that countries have identified as pipeline priorities in their strategic 
infrastructure systems plans.

• Assess the impact of project-level investments on systems resilience as part of standard due 
diligence in infrastructure investment decisions.

• Support funding for countries to implement systems-level approaches throughout the 
infrastructure life cycle, including operations and maintenance.

• Pursue opportunities for blended finance mechanisms to scale investment from the private sector.

 □ Integrate resilient systems planning into donor and investor institutions. Improve donors’ 
internal processes and investment policies to support infrastructure systems resilience. Example 
actions may include:

• Incorporate systems resilience analysis into investment decision making, including planning, 
programming, implementing, and evaluating programs and projects.

• Develop and incorporate guidelines for climate-resilient infrastructure systems as part of the due 
diligence process.

• Incorporate standardized procurement language in solicitations and contract agreements that 
requires partners and contractors to consider systems resilience when developing projects and 
activities and incorporate these requirements into procurements.

 □ Collaborate across the development community and share good practices. Create synergies 
across government, donor, and private-sector funders through aligned policies and coordinated 
investments. Example actions may include:

• Strengthen donor coordination to align investment goals and priorities across funders.

• Invest in joint studies or analyses to increase efficiency and scale.

• Share country-level data, information, and studies to support resilient systems interventions 
across funders.

• Identify joint opportunities to reduce administrative costs for country partners by aligning 
procurement and reporting requirements.

• Share lessons learned and good practices to promote replication and scaling.

• Promote awareness of the benefits of resilient systems thinking across the development 
community through forums, knowledge exchange, and communication platforms.
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Support in-country partners’ approaches 
to infrastructure systems resilience 

Strong collaboration with country partners can help 
promote systems thinking for infrastructure planning 
while building technical and institutional capacity. The 
development community should engage closely with 
country partners to build awareness and inclusion 
of systems-level approaches, build the support of 
decision makers, and create an enabling environment 
that promotes systems planning and builds capacity. 
By supporting in-country champions, development 
agencies can help catalyze home-grown support and 
buy-in for systems approaches.

Support partner country capacity to 
conduct infrastructure systems planning

Collaboration between countries and donors can help 
countries more rapidly implement systems strategies. 
Collaboration can include both technical and financial 
support to strengthen planning and investment 
processes, setting the stage for direct investment in 
projects that contribute to resilient infrastructure 
systems. Specific strategies include: 

• Provide financial and technical support to build 
in-country capacity to conduct systems analysis, 
identify adaptation priorities, and develop feasible 
funding strategies. This support includes planning 
and integration of systems principles into decision 
making throughout the infrastructure life cycle.

• Support climate literacy and technical capacity to 
process and use climate data from available in situ 
sources and global products (e.g., remote sensing), 
and develop and disseminate information that 
highlights tools and methods that are available to 
support countries in their planning efforts.

Improved stakeholder 
engagement and inclusive 
development practices 

Stakeholder engagement plays a critical 
role in informing effective climate-
resilient infrastructure systems. When 
governments and donors engage with 
stakeholders they gain insight into the 
community’s knowledge, concerns, 
needs, and priorities, which inform the 
development of improved planning and 
implementation. By actively involving 
people who will be directly affected by the 
infrastructure, they also unlock a multitude 
of opportunities to enhance collaboration, 
participation, and resource mobilization. 

Inclusive development practices are a 
crucial aspect of stakeholder engagement. 
By ensuring that diverse societal groups 
(e.g., women, LGBTQIA+, disabled, 
other marginalized groups) participate 
in climate resilience planning, planners 
and policymakers tap into a diversity 
of indigenous and local knowledge to 
reduce risks and unlock innovative 
solutions. These practices bridge the 
gap between policymakers and the 
public to foster better design and 
mutual trust. When diverse and local 
communities are part of the decision-
making process, infrastructure systems 
gain community ownership, improved 
quality, and long-term sustainability. 
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• Invest in countries’ climate vulnerability and 
risk assessments or network analyses, drawing 
on existing tools, methodologies, frameworks, 
and approaches whenever possible, while 
strengthening data and tools over time.

• Support countries in assessing and designing 
adaptation actions at the systems level.

• Support countries in developing strategic plans 
for resilient infrastructure systems that build 
a pipeline of bankable projects and align with 
national development goals.

• Build in-country technical capacity over time by 
funding and supporting in-country institutions, 
research entities, and professional staff.

Strengthen institutional policies, 
alignment, and coordination 

Donors can also support partner countries in 
addressing institutional and governance barriers 
that inhibit their ability to work at a systems level. 
This support can start by funding and co-conducting 
an assessment of key policies and processes and 
institutional constraints across national, sub-national, 
and sectoral levels. The results of this analysis can 
help inform countries and donors about priority 
areas for investment to establish a stronger enabling 
environment that supports systems-level planning and 
action. Specific actions include:

• Support country assessments of institutional 
and policy barriers and gaps that inhibit 
systems approaches.

• Provide extended policy and institutional support 
to implement reforms, based on an analysis 
of priority needs at the institutional capacity, 
structural, and policy levels.

• Support country partners in coordinating systems 
approaches across sectors and broadening 
stakeholder engagement to promote a more just 
and inclusive understanding of the potential 
magnifying and cascading impacts of climate 
change on different communities and populations.

Applying a network analysis  
for transportation infrastructure 
in Tanzania 

In Tanzania, the World Bank worked 
with the municipality of Dar es Salaam 
to conduct a network analysis of its 
transportation system that examined the 
impact of flood events on the reliability 
of infrastructure services, including 
the impact on residential mobility and 
supply chain disruptions. By focusing on 
critical flows across the whole system, the 
analysis could pinpoint key weaknesses 
in the road, transit, and port access 
networks, and recommend investment 
priorities to improve the reliability of 
transportation services by strengthening 
these chokepoints (Hellmuth et al. 2019).

Flooding can disrupt critical transportation 
nodes, paralyzing transportation systems. 
Credit: Shutterstock
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Monitor progress and learn

Effective monitoring of systems performance is 
essential to enable countries to track progress, 
address gaps in performance, make adjustments, and 
identify priorities for future investments. This work 
includes an ongoing process of monitoring changing 
climate conditions and potential future scenarios 
and considering how best to adapt to changing 
risk profiles. Donors can support country partners 
through targeted investments and technical support. 
Specific strategies include:

• Work with country partners to design systems 
for monitoring and evaluation. This includes 
performance metrics to monitor and track 

adaptation and resilience, protocols for data 
collection, and country-led monitoring and 
tracking processes to gauge the improvement 
due to systems planning efforts (including after 
natural hazard events).

• Develop protocols to assess monitoring and 
evaluation findings, and incorporate lessons 
learned into future investments, policies, 
and processes. 

• Support countries in sharing information with 
other partners and the development community 
about effective practices and lessons learned from 
programs and processes that can improve resilient 
systems planning.

Inter-agency coordination, innovative technical tools, and novel management 
authority in Niger 

The Millenium Challenge Corporation (MCC) designed a Compact with the Government of Niger to 
increase rural incomes by improving water resources management for agricultural production. The 
country is highly dependent on rain-fed agriculture and is highly vulnerable to the changing climate. 
Farmers routinely experience flooding and drought extremes that impact agricultural output and 
exacerbate food insecurity. Shifting to groundwater use instead of relying on surface water would reduce 
the agriculture sector’s susceptibility to impacts from extreme events that disrupt the water supply. 
However, data on groundwater resources are scarce. To fill these data gaps, MCC partnered with the 
U.S. Geological Survey to use remote sensing to map shallow and deep aquifer levels, improve site 
locations for groundwater-sourced agricultural investments, and calculate the available and renewable 
volumes of water in the aquifers. This interagency collaboration led to a ground-breaking discovery 
that Niger is the most groundwater-rich country in the Sahel region. The innovative data collection 
method improved the development of climate-informed investments in the agriculture sector. 

With MCC’s support, Niger also created a new water management authority to sustainably manage the 
resource, and better data on the country’s groundwater resources will continue to help Niger reduce 
food insecurity. Increasing Niger’s capacity to identify and utilize groundwater resources will have 
cascading impacts from the water sector to the agriculture sector and throughout the economy. The 
partnership between MCC and the National Aeronautics and Space Administration (NASA) did not 
end with the Niger compact. The technology and data are also easy for partner governments to own and 
continue to use beyond compact lifetimes (MCC 2022 and MCC 2023b).
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Finance projects that contribute 
to systems resilience

Donors should commit to funding and enabling 
projects and activities that are part of countries’ plans 
for climate-resilient infrastructure systems, sending a 
clear signal to country partners that systems resilience 
priorities will be supported. 

Incentivize resilient systems planning

Supplying financial support for systems planning 
provides country partners with the means to develop 
a strong action plan for systems resilience. 

• Provide financial incentives to partner countries 
to conduct resilient infrastructure systems 
planning, including preferential investment in 
priority infrastructure.

Fund priority projects that build 
systems resilience

Donors should commit to funding infrastructure 
projects that countries demonstrate will strengthen 
systems resilience and work to develop and deploy 
blended finance.

• Fund investments that countries have identified as 
pipeline priorities in their strategic infrastructure 
systems plans.

• Pursue opportunities for blended finance 
mechanisms to scale investment from the 
private sector.

Support systems-level approaches 
throughout the infrastructure life cycle 

Donors can support the incorporation of systems 
resilience into each step of the infrastructure 
development, design, and implementation life 
cycle. This is particularly important given the long 
service life of most infrastructure. Absent ongoing 
monitoring, changing climate conditions over 
decades can result in unexpected and catastrophic 
impacts on systems resilience. 

When designed well, natural systems and 
infrastructure systems can exist in harmony. 
Credit: Shutterstock
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Opportunities include:

• For new assets, include provisions for ensuring 
resilience and estimated cost savings throughout 
the life cycle of a proposed project in the context 
of the broader infrastructure systems.

• For existing infrastructure, support countries in 
strengthening their operations and maintenance, 
performance monitoring, inspections, and 
emergency response to include larger  
systems-level considerations and improve  
climate resilience.

• Support countries in assessing climate risks 
to existing operations, focusing on risks to 
the performance of infrastructure systems 
to continue to deliver operational objectives, 
including the supply chain or trade route 
continuity of major export industries.

• Assist country partners in assessing systems 
adaptive capacity and using adaptive management 
approaches at both the asset and systems scales.

• Support countries in evaluating an asset’s end-of-
life impacts on the wider system and developing 
approaches to resolve adverse impacts.

Systems planning throughout the infrastructure life cycle

6. Decommissioning
• Systems implications for 

decommissioning
• Maximize the utility of 

materials, components, 
equipment

5. Operating & 
Adaptatively Managing

• Systems performance monitoring 
and evaluation

• Climate change monitoring and 
routine risk assessment

• Adaptive action

4. Implementing
• Climate-informed project 

design to support systems 
resilience

• Procurement requirements
• Construction

3. Financing
• Investor analysis and financial 

packaging
• Funding for capital, operations, and 

maintenance
• Downstream co-benefit 

considerations

2. Planning
• Systems-level climate vulnerability and 

risk assessment / network analysis
• Adaptation option analysis
• Investment criteria and prioritization
• Investment roadmap

1. Policy Framing
• Economic, environmental, and 

construction policies and 
regulations

• Improved coordination and 
capacity for an effective enabling 
environment
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Integrate resilient systems planning 
into donor and investor institutions

Development institutions should improve their 
internal processes to support infrastructure systems 
resilience and ensure that their investment policies 
incentivize systems-level processes. While different 
donors have specific internal processes, individual 
organizations should review their processes and 
requirements to enhance their ability to support 
and catalyze systems approaches. This can have a 
magnifying impact in partner countries where various 
donors are engaged and could have strategic alignment 
across sectors and geographies. Integrating systems 
analysis and requirements into individual organization 
design, procurement, and implementation processes 
throughout the life cycle can improve the resilience and 
outcomes of investments. Specific strategies include:

Incorporate resilient systems analysis 
as part of investment decision making

Considering investments from a resilient systems 
perspective helps donors make strong investments 
that support greater resilience. Donors should:

• Assess the impact of project-level investments 
on systems resilience as part of standard due 
diligence in infrastructure investment decisions.

• Incorporate systems resilience into investment 
decision-making processes, including planning, 
programming, implementing, and evaluating 
programs and projects.

Develop standards and guidelines 
to promote systems approaches

Donors should strive to develop consistent, 
institution-wide practices that support and enable 
systems resilience across the organization. This 
will foster internal alignment across different 
sectors and programmatic investments. It will 
also communicate their commitment to systems 
approaches to country partners and other investors. 
Specific strategies include: 

• Develop and incorporate standards or guidelines 
for climate-resilient infrastructure into project 
design that address systems-level resilience and 
uses systems-level metrics for addressing climate 
change factors throughout the project life cycle to 
optimize resilient systems performance.

• Incorporate standardized procurement language 
in solicitations and contract agreements that 
requires partners and contractors to consider 
systems resilience when developing projects and 
activities and incorporate these requirements 
into procurements.

• Develop and implement training and awareness 
building for organizational staff to promote 
internal understanding and support for resilient 
systems approaches.

Through a public-private partnership, MCC assisted in the expansion of the As-Samra wastewater treatment 
plant in Jordan to increase its capacity and to provide freshwater to the water-constrained country’s population. 
Credit: MCC
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Collaborate across the development 
community and share good practices

Infrastructure developers and planners have an 
opportunity to collaborate and combine efforts to 
improve systems thinking for development projects. 
Sharing knowledge, data, and lessons learned can 
help increase the inclusion of systems approaches 
into development processes and climate resilience 
for infrastructure investments. Engaging with local 
communities, CBOs, and businesses is critical to 
better understanding local challenges and priorities, 
as well as information and past experiences that are 
critical to understanding how to develop resilient and 
appropriate infrastructure that responds to the diverse 
needs of all users.

In Kenya, for example, the U.S. embassy established 
an economic growth working group. With broad 
interagency membership, it was able to foster 
coordination on infrastructure investment among 
U.S. government agencies. USAID’s participation 
facilitated the consideration of enabling conditions 
affecting infrastructure development from the earliest 

Cross-sector investment in 
Thailand 

The Organization of the Petroleum 
Exporting Countries (OPEC), ADB, 
and the governments of the Republic 
of Korea and Australia are providing 
technical assistance to the Government of 
Thailand to support implementation of a 
development strategy for a Bio-Circular-
Green (BCG) economy integrated across 
sectors. Through awareness-raising 
campaigns, strengthened policies and 
regulatory frameworks supporting BCG, 
and finance opportunities from banks, 
private investments, and capital markets, 
government agencies and the private 
sector will be better able to execute BCG 
programs and prioritize BCG-sector 
investments, sectors, and themes to 
maximize climate resilience across sectors. 

MCC’s investments in Benin’s Port of Cotonou attracted over $200 million in private financing, helping 
triple the port’s capacity. Credit: MCC
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planning stages by the entire working group. This 
strong working group experience led to opportunities 
for multiple U.S. government agencies to provide 
complementary support to Kenya in the energy sector. 
This optimized U.S. government support for local 
access to reliable and cost-effective electricity supply, 
promoting economic growth and development.

Strengthen donor coordination 
to improve systems resilience

Donors can magnify the resilience impact of their 
individual investments by increasing the level of 
coordination across institutions working in the same 
country or region to achieve systems-level resilience. 
Specific actions include:

• Develop collaborative protocols to define 
investment goals and priorities that reinforce 
areas of mutual benefit across donor groups  
and support joint action to achieve greater 
resilience outcomes.

• Share country-level data, information, 
and studies to support strong resilient 
systems interventions across the donor and 
development practitioner community.

• Identify opportunities to reduce 
administrative burdens and costs for country 
partners, such as aligning application 
processes and reporting requirements.

• Invest in joint studies or analysis on systems-
level climate vulnerability assessments or 
adaptation options analysis.

• Share information on lessons learned and good 
practices through communication resources 
that may include case study reports, blogs, 
webinars, or technical white papers, and convene 
discussions about potential good practice 
standards for coordinated investments.

Build awareness of the benefits of 
resilient systems thinking among the 
broader development community

In addition to cross-donor collaboration, donors can 
support resilient systems approaches by highlighting 
successful approaches, sharing best practices, and 
promoting dialogue throughout the development 
community. This may include:

• Hold in-person and virtual forums with country 
partners, donors, multilaterals, and private 
investors to discuss the benefits of systems 
planning, good practices, and lessons learned 
from early adopters. 

• Develop and disseminate case examples of 
effective practices and lessons learned.

• Develop donor resources to facilitate systems-
level climate resilience.

Primary roads should be designed with additional climate resilience measures to minimize travel 
disruptions. Credit: Shutterstock
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ACHIEVING 
INFRASTRUCTURE 
RESILIENCE AT SCALE
This paper has demonstrated the benefits of a systems 
approach to infrastructure resilience, identified 
strategies to remove various barriers to doing so, and 
described actions that donors, countries, and the 
broader development community can take to catalyze 
a more holistic approach to designing infrastructure. 
Transforming our approach to infrastructure 
development will enable countries and funders to 
invest more wisely and scale up investments to meet 
the enormous demand for resilient infrastructure 
services. Changing the model will not be easy 
or immediate but working together, donors and 
countries can take a constructive, step-by-step 
approach to create the right enabling conditions 
for systems approaches to take root. Ultimately, 
a systems-focused model for infrastructure 
development will reflect these core characteristics:

• Useful information: Decision makers and 
stakeholders have adequate information about 
climate risks at the systems level.

• Joint decision making: Mechanisms are in 
place for information exchange, joint analysis, 
and collaborative decision making across 
sectors and stakeholders.

• Systems risk assessment: Planners are able 
to analyze the impacts of climate change (and 
other hazards) on the reliability and resilience 
of infrastructure services for each system and 
the cascading effects of disruptions on other 
infrastructure services, ecosystems, economies, 
and people.

• Systems-focused prioritization: Priorities for 
investment reflect climate change risks to systems 
services, ecosystems, economies, and people.

• Aligned financing: Investors are able to 
support systems priorities and achieve 
their investment objectives through risk 
management and collaboration.

• Integrated systems management: 
Mechanisms are in place for infrastructure 
adaptive management that incorporate 
emerging information about infrastructure 
performance, changing climate conditions, and 
evolving environmental and social contexts.

An honest assessment of these conditions is the first 
step to scaling up climate-resilient infrastructure 
systems. Collaborating, sharing information, and 
building experience and capacity will be crucial 
to meet the urgent global need for resilient 
infrastructure in the face of climate change.

Communities and farmlands in the Senegal River Delta benefited from MCC’s irrigation infrastructure 
rehabilitation and water resource management project. Credit: MCC
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Electric transmission lines face risks from extreme heat and other climate hazards. Credit: Shutterstock
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CCRI Coalition for Climate Resilient Investment
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DOD U.S. Department of Defense
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IFC International Finance Corporation

MCC Millennium Challenge Corporation
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USAID  United States Agency for International Development

USTDA  U.S. Trade and Development Agency

WRI World Resources Institute

Bridges are critical nodes in transportation networks and require additional resilience planning. Credit: Shutterstock



Resilience at Scale
A Systems Approach to Climate-Resilient 
Infrastructure Planning

PRE PARE


	Resilience at ScaleA Systems Approach to Climate-Resilient Infrastructure Planning
	TABLE OF CONTENTS
	A MESSAGE ON OUR COMMITMENT
	A Paradigm Shift
	Trending in the Right Direction
	Our Commitment

	METHODOLOGY AND ACKNOWLEDGMENTS
	HIGHLIGHTS
	A paradigm shift
	Clearing the path
	Changing the model of donor and country partner support for infrastructure resilience

	RESILIENCE AT SCALE: A SYSTEMS APPROACH TO CLIMATE-RESILIENT INFRASTRUCTURE PLANNING
	The case for a systems approach to infrastructure resilience
	Benefits of a systems approach

	CLEARING THE PATH: REMOVING BARRIERS TO A SYSTEMS APPROACH
	Actions to Identify Barriers and Strengthen Enabling Conditions for Systems Planning
	Institutional barriers
	Engage and support resilience champions
	Strengthen institutional policies and processes for alignment and coordination
	Develop enabling policies and enact legislation to provide the necessary authority and resources to key agencies
	Integrate vertically across different levels of government
	Technical barriers
	Support data collection, management, and sharing across institutions
	Use best international practices at a local level, including integration of performance metrics, standards, and codes
	Use tools and frameworks to leverage data and comprehensively plan and manage assets
	Integrate systems planning into the entire infrastructure life cycle
	Financial barriers
	Revise government funding requirements to reflect and align with national policies for systems resilience
	Promote donor investments that increase the resilience of country systems and align with country priorities
	Strengthen financial risk management analysis and resources to support private-sector investment
	Develop a stronger pipeline of bankable projects that contribute to systems resilience
	Engage private companies operating within partner countries on shared infrastructure needs

	CHANGING THE MODEL OF DONOR AND COUNTRY PARTNER SUPPORT
	Support in-country partners’ approaches to infrastructure systems resilience
	Support partner country capacity to conduct infrastructure systems planning
	Strengthen institutional policies, alignment, and coordination
	Monitor progress and learn
	Finance projects that contribute to systems resilience
	Incentivize resilient systems planning
	Fund priority projects that build systems resilience
	Support systems-level approaches throughout the infrastructure life cycle
	Systems planning throughout the infrastructure life cycle
	Integrate resilient systems planning into donor and investor institutions
	Incorporate resilient systems analysis as part of investment decision making
	Develop standards and guidelines to promote systems approaches
	Collaborate across the development community and share good practices
	Strengthen donor coordination to improve systems resilience
	Build awareness of the benefits of resilient systems thinking among the broader development community

	ACHIEVING INFRASTRUCTURE RESILIENCE AT SCALE
	REFERENCES
	ANNEX OF CONTRIBUTORS AND WORKSHOP PARTICIPANTS
	Expert Interviewees and Reviewers
	Workshop Panelists or Participants**

	ABBREVIATIONS




