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Cities of the future, and the critical infrastructure which supports them, will 
need to adapt to future environmental conditions. This contribution focuses 
on the need to adapt ports—vital for cities now and in the future—to the 
impacts of climate change, a need which is becoming increasingly urgent 
with global temperatures rising at an alarming rate.1 Global warming induces 
several climate hazards, such as rising mean and extreme sea-levels, heatwaves, 
heavy precipitation/flash floods, and extreme winds. Global warming of 2°C 
above the pre-industrial level, which may be reached by 2050, has been sug-
gested by the Intergovernmental Panel on Climate Change as the threshold 
beyond which climate change risks may become unacceptably high.2 By the 
end of this century, global warming around 2.7°C is considered “very likely” 
under an intermediate emissions scenario and could exceed 3.3°C under a 
high greenhouse gas emissions scenario.3 Implementation of existing policies 
and pledges would only limit this global temperature increase to 2.5–2.9°C 
by 2100.4 

In this context of a warming world, society needs to prepare for what 
may be in store. Much of the world’s population, economic activities, and 
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critical infrastructure are concentrated near the sea, with nearly 900 million 
people—10 percent of the global population—already living in coastal zones 
at low elevations which are under growing threat from the impacts of climate 
change, such as coastal floods and storms, flash floods, droughts, and extreme 
heatwaves.5 This includes many of the world’s cities with at least one million 
inhabitants and mega-cities with more than 10 million inhabitants, which are 
also home to some of the world’s largest ports.6

Ports: CritiCal for Global Cities, trade and develoPment, and at the 
forefront of Climate ChanGe imPaCts 

Ports ensure the steady supply of essential raw materials and manufactured 
goods on which urban population centers across the globe depend.7 They 
are key infrastructure assets that serve as catalysts of economic growth and 
development. They create employment and industrial opportunities, generate 
wealth, and contribute to national GDP.8 In addition to being vital for the 
economies of coastal cities and coastal nations, ports are among the critical 
infrastructure assets that make global trade and development as we know it 
possible. They are integral components of international transport networks 
which provide the physical infrastructure on which our globalized trading 
system depends. Globalization means societies, industries, and economies 
are all deeply interconnected and interdependent—so there is no “them” and 
“us.” With over 80 percent of world trade volume carried by sea, ports are 
key nodes in the network of global supply chains, providing access to global 
markets for all countries, including those that are landlocked.9 They are also 
essential for access to sectors and activities of the ocean or “blue” economy, 
including fisheries, offshore mineral resources, energy development, and 
cruise ship tourism. 

At the same time, these complex infrastructure assets, often integrated 
within large urban agglomerations along global coastlines, are on the front-
line of climate change.10 They are exposed to various climate hazards, from 
heat waves—which can pose a major threat to human health and increase 
energy needs and cooling costs—to heavy precipitation, flash floods, winds, 
and waves (e.g., long waves and associated swell) that can jeopardize crane 
operations and can make access to ports more hazardous.11 In a warming 
world, these hazards are set to increase. 

Due to the location of ports at the land-sea interface, average sea-level 
rise and associated extreme sea-levels (ESLs) are especially concerning, with 
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potential devastating impacts on port infrastructure and operations, and im-
portant knock-on effects throughout global supply chains.12 

Increases in the mean and extreme sea levels can cause coastal flooding 
and port inundation, with the northwestern European, northwestern Ameri-
can, and southeastern Asian coasts, as well as those of Small Island Devel-
oping States (SIDS), projected to be particularly affected.13 Recurring port 
inundation from extreme events can render transportation systems unusable, 
and can cause damages to terminals, freight villages, storage areas, cargo and 
vessels, as well as prolonged disruptions to supply chains.14 Damages and 
operational disruptions from extreme waves that can cause coastal erosion, 
wave overtopping, quay flooding and in-port wave agitation that can con-
strain access, vessel handling, and berthing, could also increase under climate 
change.15 Extreme tropical winds can also be very damaging, as they can cause 
infrastructure failures and operational disruptions from channel changes/silt-
ing, wind-generated debris, inability to operate cranes, vehicle blow-overs, 
and damages to connecting rail tracks and roads. They can also endanger 
berthing operations.16 

Importantly, rising mean sea levels, combined with future extreme storm 
surges, waves, and tides, can generate devastating extreme sea level (ESLs), 
which especially pose a threat to seaports across the globe. Extreme sea levels 
are set to increase almost everywhere, which means that history no longer 
serves to predict future exposure.17 Port defenses are designed to withstand 
extreme sea levels with a certain return period (i.e. recurrence frequency), 
commonly the 1-in-100 years extreme sea-level (ESL100) estimated at the 
time of design or construction. However, extreme sea levels of a magnitude 
previously expected to occur only once a century will occur much more often 
under climate change, significantly increasing the flood hazard for global 
ports, including for some of the top 100 container ports.18 

As shown by projections under different climatic scenarios and timelines 
covering 3,630 ports across global coastlines, the future “once a century” 
extreme sea level (ESL100), which ports will need to cope with in a few 
decades’ time, is going to be significantly higher. By 2050, depending on the 
climate scenario, 55 percent to 60 percent of these ports could face ESL100s 
that exceed two meters above the baseline mean sea levels of the 1980–2014 
period.19 By 2100, between 71 percent and 83 percent of ports could face 
ESLs of this same magnitude. 

As concerns extreme heat, with 2oC global warming, ports in most 
tropical or sub-tropical settings will also face the baseline (mean of the 
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1976–2005 period) 1-in-100 year extreme heat event every one to five years, 
whereas with 3oC global warming, most global ports, except some at higher 
latitudes, could experience the baseline 1-in-100 years extreme heat event 
every one to two years.20 

the Cost of inaCtion

Climate risks directly translate into business risks for individual ports, but 
they also pose a threat to the integrity of transport systems and networks on 
which global society relies.21 Climate change impacts on ports can result in 
significant infrastructure damage, as well as costly disruption and delay across 
supply chains, with potentially far-reaching consequences for international 
trade and sustainable development prospects, particularly of the most vulner-
able nations. 22 

Hanson et al. (2011) estimated the total value of assets exposed to 
coastal flooding in 136 port megacities with over one million inhabitants at 
about 9 percent of the global GDP by the 2070s. Lenton et al. (2009), who 
additionally considered tipping points (global sea level rise of 0.5 meters), es-
timated that asset exposure to flooding in the same 136 port megacities could 
reach $28 trillion by 2050.23 For the Tokyo Bay port areas alone, Hoshino 
et al. (2016) estimated the potential flooding costs from combined mean 
sea level rise and typhoon-induced storm surges as up to $690 billion (2016 
values).24 A more recent estimation of the value of assets exposed to coastal 
flooding has suggested that, in the absence of adaptation measures, by 2100, 
damage could amount to 12 to 20 percent of the global GDP.25

Economic losses can be extensive, not only in terms of infrastructure 
damage, but also—and maybe more importantly—in terms of operational 
disruptions and delays which have important knock-on effects throughout 
global supply chains. 

Current global annual storm damages to ports have been estimated at 
roughly $3 billion, on average.26 Additionally, global port-specific risk from 
natural hazards is estimated at $7.5 billion per year, with 32 percent of the 
risk attributed to tropical cyclone impacts, and an additional $63.1 billion 
in trade estimated to be at risk.27 Annual systemic risk to global maritime 
transport, trade, and supply-chain networks is estimated at $81 billion, with 
at least $122 billion of economic activity on average also at risk.28 These esti-
mates do not, however, account for the expected increase of hazards under cli-
mate change.29 These may also be considered conservative, given that a single 
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extreme event can lead to major losses in affected regions. This was illustrated 
by Hurricane Sandy (2012) which caused over $60 billion in losses, includ-
ing extensive damage and a week-long shutdown of the U.S. New York/New 
Jersey container port.30 Hurricanes Irma and Maria (2017), Dorian (2019), 
and Beryl (2024) caused devastating impacts in many Caribbean nations, 
with overall losses in some of countries amounting to a significant fraction or 
multiple of their annual GDP.31 Most recently, in the United States, Hurri-
cane Beryl shut down ports and curtailed refinery operations in Texas; within 
a two-week period in September and October 2024, Hurricanes Helene and 
Milton hit Florida, leading a number of major ports to suspend operations.32 
In addition to hundreds of fatalities, early estimates indicate that the 2024 
Atlantic hurricane season has caused overall losses of $500 billion.33  

Climate-related damage, delay, and operational disruption also affects 
the performance of commercial contracts, with repercussions for the obliga-
tions and liabilities of contracting parties engaged in international transport 
and trade. These issues could hold potential for further economic losses and 
costly legal proceedings.34 In addition, they may have important implications 
for insurance coverage, premiums, and, ultimately, insurability of losses. These 
implications deserve further attention and need to be both better understood 
and addressed to reduce disruptions and related economic losses, avoid costly 
litigation, and ensure that insurance remains available and affordable. 

Given the critical role of ports in the global trading system and their po-
tential exposure to climate related damage, disruptions, and delays, enhanc-
ing their climate resilience is a matter of strategic socio-economic importance 
for the global economy and society as a whole.35 It is also key to enabling 
SIDS and other vulner-
able coastal and island 
nations to harness 
the full potential of 
the blue economy for 
sustainable develop-
ment.36 SIDS and other 
island nations depend 
on seaports as lifelines for external trade, food and energy security, and tour-
ism—which is often a major driver of economic growth and development—
as well as in the context of disaster response and recovery.37 Ports also provide 
vital socio-economic linkages and are key to regional and inter-island connec-
tivity. However, in many SIDS, these critical assets are at high and growing 

Enhancing their climate resilience 
is a matter of strategic socio-eco-
nomic importance for the global 
economy and society as a whole.
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risk of climate change impacts such as coastal flooding, beginning as early as 
the 2030s.38

are Ports PrePared for a future under Climate ChanGe?

The risk of climate change impacts can be understood as a function of three 
parameters—hazard, exposure, and vulnerability (the capacity to respond). 
Exposure to growing hazards will result in increasing risks, unless effective 
adaptation measures are taken to reduce vulnerability.39 Given that ports are 
infrastructure assets with long lifespans and planning horizons, reducing their 
vulnerability through timely adaptation measures is a matter of increasing 
urgency. 

However, at the global level, progress in implementing fit-for-purpose 
measures on the ground remains slow, both in coastal cities and in ports. 
Recent research on climate change adaptation in 199 coastal cities world-
wide suggests that overall progress is “rather slow, of narrow scope and not 
transformative,” albeit with differences across regions, sizes, and economic 
capacities.40 Industry surveys conducted by UNCTAD—encompassing ports 
collectively responsible for over 16 percent of global seaborne trade—and by 
industry organizations suggest that ports and their engineers are not yet ad-
equately prepared.41 Many global ports are increasingly impacted by “excep-
tional, unprecedented or otherwise out-of-the ordinary” climate and weather-
related extremes and events, often causing “significant” or “critical” delays 
and disruptions.42 At the same time, there are still important knowledge gaps 
regarding the specific nature and extent of exposure to climate hazards that 
individual port facilities of all sizes and across regions may be facing, with 
important repercussions for levels of preparedness. For example, the major-
ity (76 percent) of respondent ports to the UNCTAD port industry survey 
stated that they had mainstreamed weather/climate related considerations 
in planning, design, and construction of infrastructure. However, a signifi-
cant proportion (41 percent) had not yet carried out any work or research to 
identify and evaluate possible adaptation measures. 40 percent of respondent 
ports had neither carried out nor planned relevant vulnerability assessments. 
Only 29 percent of respondents to an online survey of 85 U.S. port and 
maritime infrastructure engineers indicated that their organization had an in-
ternal sea level change (SLC) policy, design, or planning document. 43 Survey 
results also show that the lack of regulatory design standards in this area leads 
to engineers and their clients disregarding SLC more frequently.
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What needs to be done?

With maritime trade expected to triple by 2050 and climate-driven hazards 
expected to increase, significant acceleration of climate change adaptation and 
resilience-building for ports is needed to avert, minimize, and mitigate costly 
damages and economic losses and safeguard the integrity of supply chains on 
which global cities and society depend.44 

In light of long infrastructure planning horizons and lifespans, timely 
adaptation action in a systemic manner must be an urgent priority for all 
public and private entities with a stake in international transport and trade. 
Thus, all stakeholders involved in the planning, development, and operation 
of ports and other coastal transport infrastructure need to mainstream consid-
erations related to climate risks and impacts as part of their decision-making 
processes.45 

Ports do not exist in isolation, but rather are closely connected to the 
cities they inhabit and inland transport links like road and rail. Collabora-
tion and the participation of a broad range of public and private sector actors, 
including transport operators, regulators, municipal planners, port tenants, 
shippers, and coastal managers, as well as scientists, engineers, and other tech-
nical experts, will be particularly important. These actors will be crucial both 
in relation to the assessment of risks and impacts and the planning, develop-
ment, and implementation of effective adaptation measures at the facility 
level and across transport networks and systems.46 

Policy and legal frameworks, while typically not sector specific, have a 
particularly vital role to play in strengthening risk management and increas-
ing levels of resilience on the ground.47 They can facilitate, support, and 
accelerate climate-risk assessments and the development of effective action on 
adaptation. 

Policies, strategies, and plans establish agreed objectives, priorities, and 
commitments which guide the allocation and use of resources and institu-
tional frameworks and can provide important incentives to advance port 
resilience. Legal frameworks are both powerful and vital tools to facilitate 
and advance implementation. They also help create a level playing field and 
establish accountability. To be fit for purpose and avoid maladaptation, both 
policies and laws need to consider the latest available scientific information 
and facilitate risk-informed decision making under uncertainty. 

A range of policy and legal instruments reflecting related commitments 
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and objectives and fostering their implementation have been agreed upon 
internationally, including the 2015 Paris Agreement (195 Parties), the Sen-
dai Framework on Disaster Risk Reduction (SFDRR) 2015–2030, and the 
2030 Agenda for Sustainable Development, along with regional and national 
frameworks.48 Relevant legal obligations and normative technical guidance 
aimed at ensuring the “climate proofing” of new infrastructure, in line with 
agreed policy commitments on resilience-building, adaptation, and disaster 
risk reduction, are already in place as a matter of supranational law, applicable 
in the 27 Member States of the European Union (EU).49 These could sig-
nificantly enhance levels of climate-resilience and preparedness for European 
ports, as well as for EU-funded port projects in other countries, and may 
serve as useful examples of good practices for policymakers in other regions.

In order to ensure the integrity of closely connected global supply chains 
and reduce, minimize, and avert extensive economic losses arising in the fu-
ture, much more needs to be done. Effective adaptation requires multifaceted 
approaches: “soft” and “hard” measures, including innovative and effective 
technical measures; bridging of potential data and knowledge gaps; and the 
development of appropriate management solutions that reduce vulnerability 
and allow for decision-making under uncertainty.50 In the light of the long 
service life of ports (and other key transport infrastructure), and the poten-
tially major consequences of inaction, effective adaptation and resilience 
building requires rethinking established approaches and practices early.51 

Moreover, to avoid overengineering and maladaptation and to increase 
levels of preparedness on the ground, a good understanding of climate risks in 
all their dimensions is critical. With climate hazards growing at an alarming 
rate, past experiences can no longer be relied on to predict future exposure 
and risks. Relevant risks need to be both assessed and effectively addressed 
before any major impacts materialize. High-quality technical risk assessments 
at local and facility levels, using the best available science and facility specific 
information and involving collaboration with relevant stakeholders, are there-
fore urgently required.52 On the basis of such risk assessments, the probability 
and severity of impacts can be determined together with the urgency of spe-
cific adaptation responses; this can be defined as the ratio of the time needed 
to plan and implement an effective response to the time available.53 Relevant 
information is needed to support on-the-ground decision-making and inform 
the prioritization of resources and the design of the required adaptation mea-
sures. However, as noted already, recent industry surveys suggest that many 
global ports have not yet carried out risk assessments and therefore still lack 
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relevant information to prioritize and appropriately target effective adaptation 
measures.

In this context, industry guidance, standards, and methodological 
tools to assist stakeholders have an important role to play. Some important 
progress has been made in this respect over the past few years. For example, 
the Marrakech Partnership for Global Climate Action has developed a 
number of recommendations for different groups of stakeholders, together 
with milestones towards 2050.54 Similarly, the International Standardization 
Organization (ISO) has developed two standards to assist in adaptation and 
related vulnerability and risk-assessments.55 PIANC, the World Association 
of Waterborne Transport Infrastructure, has produced detailed technical 
guidance on adaptation planning for ports, as well as on selecting, designing, 
and evaluating options for resilient infrastructure. 56 In addition, a range of 
cross-sectoral and port-specific methodological frameworks and tools have 
been developed.57 

However, a number of other issues are also important for the 
development of effective adaptation measures at the facility level and 
deserve increasing focus and attention. This includes the generation and 
dissemination of more tailored data, such as infrastructure inventories, 
higher resolution data, including better digital elevation models and research 
to improve the understanding of coastal processes under climate change, 
as well as ecosystem approaches to adaptation that can play a significant 
role in reducing risks.5859 Drawing on synergies with energy efficiency, 
decarbonization, and renewables can also provide important co-benefits 
for adaptation (including in response to extreme heat), reduce related 
energy needs and costs, and increase energy security.60 Increased investment 
in human resources and skills, in particular skilled coastal scientists and 
engineers, at regional, national, and local levels, will be critical for successful 
adaptation and resilience-building in the future, as will be the mainstreaming 
of climate change-related considerations for critical infrastructures into 
nationally determined contributions and national adaptation plans under the 
Paris Agreement. 

Targeted capacity-building—human, technological, and financial—is 
urgently needed, particularly in the most vulnerable developing countries 
which are often at the frontline of impacts but have low adaptive capacity 
and face a worsening debt crisis.61 The major financial scaling of affordable 
infrastructure adaptation finance, including in the form of grants rather than 
loans, will be critical for these countries, particularly vulnerable SIDS that are 
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sea-locked and thus heavily dependent on their ports (and coastal airports).62 
With the gap between adaptation costs in developing countries and available 
public adaptation finance flows estimated as US$187-359 billion per year, 
scaling up financing for adaptation will require a major collaborative effort by 
policymakers and development partners.63 

According to the Organization for Economic Co-operation and 
Development (OECD), in 2022, total climate finance provided and 
mobilized for developing economies amounted to $115.9 billion, exceeding 
the annual $100 billion goal for the first time. However, of this total, only 
$32.4 billion (28 percent) was for adaptation, and only a fraction of this 
amount will have targeted climate change adaptation for ports and other 
critical coastal infrastructure.64 While a New Collective Quantified Goal 
on Climate Finance (NCQG) was negotiated at the 29th Conference of 
the Parties to the United Nations Framework Convention on Climate 
Change (COP29), its successful implementation will depend on a number 
of factors, including political will and private sector contributions.65 With 
extreme weather events, such as hurricanes and tropical storms, heatwaves, 
and extreme precipitation causing flash floods, projected to increase in 
frequency or severity under climate change, effective disaster risk reduction, 
management, and response will be an increasingly important imperative for 
coastal cities across the globe. To increase preparedness and mitigate impacts, 
there is a need to upscale support for multi-hazard Early Warning Systems 
(EWS), including through the Early Warnings For All (EW4All) initiative 
and national and regional efforts to develop EWS.66

In light of the cost of inaction, policymakers should consider resilience-
building, adaptation, and 
disaster risk reduction for 
ports and other critical 
transport infrastructure 
assets a particularly 
valuable investment for 
a sustainable future. Ac-
cording to World Bank 
estimates, each dollar 
invested in resilient in-

frastructure in developing economies generates a four dollar return, amount-
ing to up to $4.2 trillion in benefits.67 Above all, resilience helps prevent and 
mitigate economic, environmental, and human losses and ensures that future 

In light of the cost of inaction, policymak-
ers should consider resilience-building, 
adaptation, and disaster risk reduction 
for ports and other critical transport 
infrastructure assets a particularly valu-
able investment for a sustainable future.
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generations in cities and communities across the globe have a liveable future. 
As noted from the outset, ports are vital for all cities—not only coastal 

cities—both now and in the future, and they need to adapt to changing 
environmental conditions. There is no one-size-fits-all approach to adaptation 
and there are no quick fixes. However, the key message for policymakers, 
industry actors, international organizations, and development partners is 
that there is no time to lose and “all hands on deck” are needed. A world of 
interconnected cities, communities, trading networks, and supply chains 
depends on well-functioning transportation links. Failure to adapt is not an 
option, and time is of the essence. A

W
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1. The year 2023 was the warmest year on record, with the global average near-surface 
temperature at 1.45 °C (± 0.12°C) above the 1850–1900 pre-industrial average. This figure 
is projected to reach 1.5 °C in the 2030s. See: World Meteorological Organization, The 
State of Global Climate 2023, WMO No. 1347, March 19, 2024, https://library.wmo.int/
idurl/4/68835; Intergovernmental Panel on Climate Change, Climate Change 2023: Synthe-
sis Report, 35–115, https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_
FullVolume.pdf.

2. Intergovernmental Panel on Climate Change, Global Warming of 1.5 ºC, 2018, https://
www.ipcc.ch/sr15/. See only Summary for Policymakers at B.2. This is also reflected in Art. 
2.2 of the Paris Agreement, which aims to hold “the increase in the global average tempera-
ture to well below 2°C above pre-industrial levels.”
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35–115, https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_FullVol-
ume.pdf.

4. United Nations Environment Programme, Emissions Gap Report 2024 (Nairobi: United 
Nations, 2024), https://www.unep.org/resources/emissions-gap-report-2024; “Warming 
Projections Global Update,” Climate Action Tracker, November 2024, https://climateaction-
tracker.org/documents/1277/CAT_2024-11-14_GlobalUpdate_COP29.pdf.

5. Intergovernmental Panel on Climate Change, 6th Assessment Report Fact sheet - Cities 
and Settlements by the Sea, November 2022, https://www.ipcc.ch/report/ar6/wg2/downloads/
outreach/IPCC_AR6_WGII_FactSheet_CitiesSettlementsBtS.pdf.  As noted by the IPCC, 
“[t]he population potentially exposed to a 100-year coastal flood is projected to increase 
by about 20% if global mean sea level rises by 0.15 m relative to 2020 levels; this exposed 
population doubles at a 0.75 m rise in mean sea level and triples at 1.4 m without population 
change and additional adaptation (medium confidence). By 2100 the value of global assets 
within the future 1-in-100 year coastal floodplains is projected to be between US$7.9 and 
US$12.7 trillion (2011 value) under RCP4.5 [medium emissions scenario], rising to between 
US$8.8 and US$14.2 trillion under RCP8.5 [high emissions scenario] (medium confi-
dence).” Extreme heatwaves are estimated to kill almost half a million people a year (about 
30 times more than tropical cyclones), particularly in developing countries, see United 
Nations Secretary General, “Following Three Hottest Days on Record, Secretary-General 
Launches Global Action Call to Care for Most Vulnerable, Protect Workers, Boost Resilience 
Using Data, Science,” United Nations Secretary General Press Release, July 25, 2024, https://
press.un.org/en/2024/sgsm22319.doc.htm. See also: Jonathan Watts and Kate Kaminski, 
“Heat Inequality ‘causing thousands of unreported deaths in poor countries,’” The Guardian, 
August 16, 2020, https://www.theguardian.com/environment/article/2024/aug/16/heat-
inequality-causing-thousands-of-unreported-deaths-in-poor-countries.

6. “One Hundred Container Ports 2023,” Lloyd’s List, https://www.lloydslist.com/one-
hundred-container-ports-2023; United Nations Department of Economic and Social Affairs, 
The World’s Cities in 2018, https://www.un.org/development/desa/pd/sites/www.un.org.devel-
opment.desa.pd/files/files/documents/2020/Jan/un_2018_worldcities_databooklet.pdf.

7. In 2023, with the volume of seaborne trade accounting for 12.3 billion tons (United 
Nations Conference on Trade and Development, Review of Maritime Transport 2024, UNC-
TAD/RMT/2024, https://unctad.org/publication/review-maritime-transport-2024) and 
an estimated world population in excess of 8 billion (“Day of 8 Billion,” United Nations, 
https://www.un.org/en/dayof8billion), around 1.5 tons of goods per global citizen were 
shipped—from port to port.

8. See for instance key facts and figures for the Port of Rotterdam—the 10th largest 
container port by throughput in 2023—which generates over 500,000 jobs and provides 
an added value of over €60 billion for the Netherlands, see: “Facts and figures: The port 
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of Rotterdam in numbers,” Port of Rotterdam, https://www.portofrotterdam.com/en/
experience-online/facts-and-figures. U.S. ports’ contribution to the U.S. GDP totals almost 
$311 billion, see: American Association of Port Authorities, 2024 Port and Maritime Industry 
Economic Impact Report, https://aapa.cms-plus.com/files/2024-Economic-Impact-Study.pdf.

9. United Nations Conference on Trade and Development, Review of Maritime Trans-
port 2022, UNCTAD/RMT/2022, available from https://unctad.org/publication/review-
maritime-transport-2022; Jasper Verschuur, Elco Koks, and Jim Hall, “Ports’ criticality in 
international trade and global supply-chains,” Nature Communications 13, no. 4351 (2022). 
Lack of access to the sea is the defining disadvantage of Landlocked Developing Countries 
(LLDCs), a recognized group of geographically disadvantaged vulnerable countries, who rely 
on the cooperation of transit countries to exercise their right of access to and from the sea 
and freedom of transit under the UN Convention on the Law of the Sea, 1982 (Part X).

10. C. Izaguirre et al., “Climate change risk to global port operations,” Nature Climate 
Change 11 (2021): 14–20.  

11. Isavela Monioudi et al., “Climate change impacts on critical international transporta-
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Lucia,” Regional Environmental Change 18 (2018): 2211–2225; Austin Becker et al., “A note 
on climate change adaptation for seaports: a challenge for global ports, a challenge for global 
society,” Climate Change 120 (2013): 683–95. 
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that under average global sea levels rise of at least 40 cm by 2050, some of the world’s largest 
container ports could no longer be in operation, see: Economist Impact, Global Maritime 
Trends 2050, https://impact.economist.com/ocean/global-maritime-trends-2050/downloads/
Global%20Maritime%20Trends%202050%20Report.pdf.

13. S. Hanson and R.J. Nicholls, “Extreme flood events and port cities through the 
twenty-first century,” in Maritime Transport and the Climate Change Challenge, ed. Regina 
Asariotis and Hassiba Benamara (London and New York: Earthscan/Routledge), 243–265; 
Izaguirre et al., “Climate change risk.” Michalis Vousdoukas et al., Global probabilistic pro-
jections of extreme sea levels show intensification of coastal flood hazard,” Nature Commu-
nications 9, no. 2360 (2018); Alessio Giardino, Kees Nederhoff, and Michalis Vousdoukas, 
“Coastal hazard risk assessment for small islands: assessing the impact of climate change and 
disaster reduction measures on Ebeye (Marshall Islands),” Regional Environmental Change 18 
(2018): 2237–48. 

14. United Nations Economic Commission for Europe, Climate Change Impacts and Ad-
aptation for International Transport Networks (New York and Geneva: United Nations, 2013), 
www.unece.org/fileadmin/DAM/trans/main/wp5/publications/climate_change_2014.pdf.

15. P. Camus et al, “Probabilistic assessment of port operation downtimes under climate 
change,” Coastal Engineering 147 (2019):12–24; M. Rossouw and A. Theron, “Investigation 
of potential climate change impacts on ports and maritime operations around the southern 
African coast,” in Maritime Transport and the Climate Change Challenge, ed. Regina Asariotis 
and Hassiba Benamara (London and New York: Earthscan/Routledge), 286–304.

16. Dylan Folkman et al., “Port resiliency and the effects of hurricanes on port operations,” 
International Journal of Advanced Operations Management 13 (2022): 409–30; United Na-
tions Economic Commission for Europe, Transport for Sustainable Development: The case of 
Inland Transport, ECE/TRANS/251 (New York and Geneva: United Nations, 2015), https://
unece.org/fileadmin/DAM/trans/main/wp5/publications/climate_change_2014.pdf; United 
Nations Economic Commission for Europe, Climate Change Impacts and Adaptation for 
International Transport Networks (New York and Geneva: United Nations, 2014), www.unece.
org/fileadmin/DAM/trans/main/wp5/publications/climate_change_2014.pdf.

17. Intergovernmental Panel on Climate Change, IPCC Special Report on the Ocean and 
Cryosphere in a Changing Climate, https://www.ipcc.ch/srocc/.

18. United Nations Trade and Development SDG PULSE, Disruptions Persist in Maritime 



the brown journal of world affairs

Regina Asariotis

88

Transport, Challenging its Resilience (2024), https://sdgpulse.unctad.org/sustainable-trans-
port/; United Nations Office of Disaster Risk Reduction, GAR Special Report 2023: Mapping 
Resilience for the Sustainable Development Goals (2023), https://www.undrr.org/gar/gar2023-
special-report; Regina Asariotis, “Climate change impacts on seaports: A growing threat to 
sustainable trade and development,” United Nations Conference on Trade and Development 
Transport and Trade Facilitation Newsletter, June 4, 2021, https://unctad.org/news/climate-
change-impacts-seaports-growing-threat-sustainable-trade-and-development.

19. Regina Asariotis et al., “Climate change and seaports: hazards, impacts and policies and 
legislation for adaptation,” Anthropocene Coasts 7, no. 14 (2024), https://link.springer.com/
article/10.1007/s44218-024-00047-9.

20. Ibid.
21. PIANC, Climate Change Costs to Ports and Waterways: Scoping the Business Case As-

sessment for Investment in Adaptation (2024), https://www.pianc.org/publication/climate-
change-costs-to-ports-and-waterways-scoping-the-business-case-assessment-for-investment-
in-adaptation.

22. Regina Asariotis, “Climate change impacts on seaports: A growing threat to sustain-
able trade and development,” United Nations Conference Trade and Development Transport 
and Trade Facilitation Newsletter, June 4, 2021, available from https://unctad.org/news/
climate-change-impacts-seaports-growing-threat-sustainable-trade-and-development; United 
Nations Conference on Trade and Development, Climate Change impacts and adaptation for 
coastal transport infrastructure: A Compilation of Policies and Practices (Geneva: United Na-
tions, 2020), https://unctad.org/system/files/official-document/dtltlb2019d1_en.pdf; United 
Nations Conference on Trade and Development, Climate change adaptation for seaports in 
support of the 2030 Agenda for Sustainable Development (Geneva: United Nations, 2020),  
https://unctad.org/system/files/official-document/cimem7d23_en.pdf. 

23. Susan Hanson et al., “A global ranking of port cities with high exposure to climate 
extremes,” Climate Change 104 (2011): 89–111; Tim Lenton, Anthony Footitt, and Andrew 
Dlugolecki, “Major tipping points in the earth’s climate system and consequences for the 
insurance sector,” 2009, https://www.worldwildlife.org/publications/major-tipping-points-in-
the-earth-s-climate-system-and-consequences-for-the-insurance-sector.

24. Sayaka Hoshino et al., “Estimation of increase in storm surge damage due to climate 
change and sea level rise in the Greater Tokyo area,” Natural Hazards 80 (2016): 539–65.

25. Ebru Kirezci et al., “Projections of global-scale extreme sea levels and resulting episodic 
coastal flooding over the 21st Century,” Scientific Reports 10, no. 11629 (2020).

26. Environmental Defense Fund, “Act Now or Pay Later: The Costs of Climate Inaction 
for Ports and Shipping,” 2022, https://www.edf.org/sites/default/files/press-releases/RTI-
EDF%20Act%20Now%20or%20Pay%20Later%20Climate%20Impact%20Shipping.pdf.

27. Jasper Verschuur et al., “Multi-hazard risk to global port infrastructure and resulting 
trade and logistics losses,” Communications Earth and Environment 4, no. 5 (2023). 

28. Jasper Verschuur, Elco Koks, and Jim Hall, “Systemic risks from climate-related disrup-
tions at ports,” Nature Climate Change 13 (2023): 804–06. 

29. Intergovernmental Panel on Climate Change, Climate Change 2023: Synthesis Re-
port, https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_FullVolume.
pdf; World Meteorological Organization, The State of Global Climate 2023 (Geneva: World 
Meteorological Organization, 2024),  https://wmo.int/publication-series/state-of-global-
climate-2023. 

30. Benjamin Strauss et al., “Economic damages from Hurricane Sandy attributable to 
sea level rise caused by anthropogenic climate change,” Nature Communications 12 (2021); 
Steve Strunsky, “Port Authority puts Sandy damage at $2.2 billion, authorizes $50 million to 
power wash PATH tunnels,” NJ Advance Media, October 16, 2013.

31. Overall losses in Dominica amounted to 226 percent of GDP (Government of Domi-
nica, Post-Disaster Needs Assessment Hurricane Maria, 2017, https://www.gfdrr.org/en/pub-



Why Adapting Ports to the Impacts of Climate Change Matters to All

Fall/Winter 2024 • volume xxxi, issue i

89

lication/post-disaster-needs-assessment-dominica) and damages/losses in the British Virgin 
Islands were estimated as 55 percent of the territory’s GDP (United Nations Commission for 
Latin America and the Caribbean, Irma and Maria by Numbers, FOCUS, ISSUE 1 / JANU-
ARY - MARCH 2018, https://repositorio.cepal.org/server/api/core/bitstreams/7f76dbd8-
5d0c-480d-b165-7231b84cb4de/content). Hurricane Dorian caused about US$ 3.4 billion 
of losses to the Bahamas alone, with a large fraction of those associated with transport 
infrastructure, see: Inter American Development Bank, Assessment of the Effects and Impacts 
of Hurricane Dorian in the Bahamas, 2020, http://dx.doi.org/10.18235/0002582. See also: 
“Grenada estimates damages from Hurricane Beryl at up to a third of economy,” Reuters, July 
30, 2024, https://www.reuters.com/world/americas/grenada-estimates-damages-hurricane-
beryl-up-third-economy-2024-07-31/.

32. Rakin Rahman, “Hurricane Beryl forces Texas ports to close,” Port Technology Inter-
national, July 8, 2024, https://www.porttechnology.org/news/hurricane-beryl-forces-texas-
ports-to-close/; Dom Magli, “Port Tampa Bay resumes operations after Hurricane Milton,” 
Port Technology International, October 15, 2024, https://www.porttechnology.org/news/port-
of-tampa-bay-resumes-operations-amid-hurricane-milton/.

33. See related press reports: Chris Isidore, “Hurricane Milton’ losses of up to $34 billion 
could make it one of the costliest storms in US history,” CNN, October 17, 2024, https://
edition.cnn.com/2024/10/17/business/hurricane-milton-losses; Myles McCormick, “Hur-
ricane Beryl strikes at heart of US energy industry,” Financial Times, October 25, 2024,  
https://www.ft.com/content/314d404b-9480-448a-aa04-b16b3c5619bf; Adrianne Burke, 
“The Explosive Cost of the 2024 Hurricane Season: A Massive $500 Billion in Dam-
age,” AccuWeather, December 2 2024, https://www.accuweather.com/en/blogs-webinars/
the-2024-hurricane-seasons-explosive-500-billion-price-tag-economic-impact-and-key-
insights/1719392.

34. For more detailed analysis, see: Regina Asariotis, “Climate change impacts on ports – 
some considerations arising for commercial maritime law,” in Protecting maritime operators 
in a changing regulatory and technological environment, ed. Lia Athanassiou (2023), 285-320; 
United Nations Conference on Trade and Development, Review of Maritime Transport 2024, 
UNCTAD/RMT/2024, Chapter 5, https://unctad.org/publication/review-maritime-trans-
port-2024.

35. United Nations Conference on Trade and Development, Climate Change impacts and 
adaptation for coastal transport infrastructure (Geneva: United Nations, 2020), https://unctad.
org/publication/climate-change-impacts-and-adaptation-coastal-transport-infrastructure-
compilation; Austin Becker et al., “A note on climate change adaptation for seaports,” 
Climate Change 120 (2013): 683–95. 

36. Andrés Cisneros-Montemayor et al., “Enabling conditions for an equitable and sus-
tainable blue economy,” Nature 591, 396–401 (2021). 

37. See: “UNFCCC COP 25 Side Event: Climate resilient transport infrastructure for 
sustainable trade, tourism and development in SIDS,” United Nations Conference on Trade 
and Development, https://unctad.org/meeting/unfccc-cop-25-side-event-climate-resilient-
transport-infrastructure-sustainable-trade.

38. Isavela Monioudi et al., “Climate change impacts on critical international transporta-
tion assets of Caribbean Small Island Developing States (SIDS): the case of Jamaica and 
Saint Lucia,” Regional Environmental Change 18 (2018); Intergovernmental Panel on Climate 
Change, Global Warming of 1.5 ºC, https://www.ipcc.ch/sr15/.

39. The definition of risk of impacts being a function of hazard, exposure and vulnerabil-
ity is based on Intergovernmental Panel on Climate Change, “Summary for policymakers,” 
in Climate Change 2014: Impacts, Adaptation, and Vulnerability, Part A: Global and Sectoral 
Aspects (Cambridge, UK: Cambridge University Press, 2014), 1–32.

40. Mia Wannewitz, et al., “Progress and gaps in climate change adaptation in coastal cities 
across the globe,” Nature Cities 1 (2024): 610–19.



the brown journal of world affairs

Regina Asariotis

90

41  United Nations Conference on Trade and Development, Port Industry Survey on 
Climate Change Impacts and Adaptation (2017), available from https://unctad.org/system/
files/official-document/ser-rp-2017d18_en.pdf; PIANC, Climate Change Costs to Ports and 
Waterways: Scoping the Business Case Assessment for Investment in Adaptation (2024), https://
www.pianc.org/publication/climate-change-costs-to-ports-and-waterways-scoping-the-bu-
siness-case-assessment-for-investment-in-adaptation; Benjamin Sweeney and Austin Becker, 
“Considering Future Sea Level Change in Maritime Infrastructure Design: A Survey of US 
Engineers,” Journal of Waterway, Port, Coastal, and Ocean Engineering 146, no. 4 (2020).

42. This includes 53 percent of respondents to the survey carried out by PIANC, see: 
PIANC, Climate Change Costs to Ports and Waterways: Scoping the Business Case Assessment for 
Investment in Adaptation (2024), https://www.pianc.org/publication/climate-change-costs-to-
ports-and-waterways-scoping-the-business-case-assessment-for-investment-in-adaptation. 

43. Benjamin Sweeney and Austin Becker, “Considering Future Sea Level Change in Mari-
time Infrastructure Design: A Survey of US Engineers,” Journal of Waterway, Port, Coastal, 
and Ocean Engineering 146, no. 4 (2020).

44. International Transport Forum, ITF Transport Outlook 2019 (Paris, France: OECD 
Publishing). 

45. United Nations Conference on Trade and Development, Climate Change impacts and 
adaptation for coastal transport infrastructure (Geneva: United Nations, 2020), https://unctad.
org/publication/climate-change-impacts-and-adaptation-coastal-transport-infrastructure-
compilation.

46. Austin Becker et al., “Implications of climate change for shipping: Ports and sup-
ply chains,” WIREs Climate Change 9 (2018): 508; Austin Becker et al., “Towards seaport 
resilience for climate change adaptation: Stakeholder perceptions of hurricane impacts in 
Gulfport (MS) and Providence (RI),” Progress in Planning 99 (2015): 1–49; Lauren Morris, 
“Stakeholder collaboration as a pathway to climate adaptation at coastal ports,” Maritime 
Policy & Management 47, no. 7 (2020): 953–67. 

47. United Nations Conference on Trade and Development, Climate Change impacts and 
adaptation for coastal transport infrastructure: A Compilation of Policies and Practices (Geneva: 
United Nations, 2020), available from https://unctad.org/system/files/official-document/
dtltlb2019d1_en.pdf. See also: Regina Asariotis et al., “Climate change and seaports: hazards, 
impacts and policies and legislation for adaptation,” Anthropocene Coasts 7, no. 14 (2024), 
https://doi.org/10.1007/s44218-024-00047-9.  

48. Asariotis et al., “Climate change and seaports.” For information about national laws, 
see: Climate Change Laws of the World, https://climate-laws.org/.

49. In 2021, the European Union adopted a cross-sectoral Adaptation Strat-
egy (“EUR-lex”, European Union, https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=COM:2021:82:FIN) as well as a new Climate Law (Regulation (EU) 2021/1119 
30/6/2021, O.J. 9.7.2021 L 243/11, https://eur-lex.europa.eu/legal-content/EN/TXT/PD
F/?uri=CELEX:32021R1119&from=EN) which among others envisages strong action on 
adaptation (Article 5). Detailed normative “Technical guidance on the climate proofing of 
infrastructure in the period 2021-2027” (O.J. (C 373), 16.9.2021, p. 1. https://eur-lex.eu-
ropa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021XC0916(03)&from=EN) has since 
been published by the European Commission, in line with the new law, and compliance with 
its detailed parameters will, among others, be required for environmental impact assessments 
of infrastructure projects, and for EU (internal and external) infrastructure project funding. 
Climate-proofing of new infrastructure on the Trans European Transport (TEN-T) Network 
“taking into account the latest available best practice and guidance to ensure that transport 
infrastructures are resilient to the adverse impacts of climate change, through a climate vul-
nerability and risk assessment, including through relevant adaptation measures, and through 
integration of the costs of greenhouse gas emissions in the cost-benefit analysis” is also envis-
aged under Regulation (EU) 2024/1679 (O.J. L, 2024/1679, 28.6.2024), https://eur-lex.



Why Adapting Ports to the Impacts of Climate Change Matters to All

Fall/Winter 2024 • volume xxxi, issue i

91

europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1679. The Regulation is directly 
applicable and effective in all EU Member States as from 18 July 2024.

50. Becker et al., “A note on climate change adaptation for seaports: a challenge for global 
ports, a challenge for global society,” Climate Change 120 (2013): 683–95; UNFCCC, 
Technologies for Averting, Minimizing and Addressing Loss and Damage in Coastal Zones 
(2020), https://unfccc.int/documents/210342; Adolf Ng et al., Climate Change and Adapta-
tion Planning for Ports (New York: Routledge, 2016); Austin Becker et al., “Implications of 
climate change for shipping: Ports and supply chains,” WIREs Climate Change 9 (2018): 
e508; Cristina Izaguirre et al., “Seaport climate change impact assessment using a multi-level 
methodology,” Maritime Policy & Management 47 (2020): 544–57; Alberto Fernandez-Perez, 
Inigo Losada, and Javier Lara, “A framework for climate change adaptation of port infrastruc-
tures,” Coastal Engineering 191 (2024). 

51. Michael J. Savonis, Alan Myers and Joanne R. Potter, “Climate Change and ports in 
America’s Gulf Coast: Planning for change,” in Maritime Transport and the Climate Change 
Challenge, ed. Regina Asariotis and Hassiba Benamara (London and New York: Earthscan/
Routledge) 266–85.

52. For examples of relevant assessments carried out by ports worldwide, see: United Na-
tions Conference on Trade and Development, Climate Change impacts and adaptation for 
coastal transport infrastructure and Isavela Monioudi et al., “Climate change impacts on critical 
international transportation assets of Caribbean Small Island Developing States (SIDS),” 
Regional Environmental Change 18 (2018): 2211-25.

53. Timothy Lenton et al., “Climate tipping points - too risky to bet against,” Nature 575 
(2019): 592–95. 

54. “Marrakech Partnership for Global Climate Action,” UNFCCC, Transport - Climate 
Action Pathway, https://unfccc.int/climate-action/marrakech-partnership/reporting-tracking/
pathways/transport-climate-action-pathway#Climate-Action-Pathway-2021. 

55. ISO, ISO 14090:2019 Adaptation to climate change — Principles, requirements and guidelines, 
https://www.iso.org/standard/68507.html; ISO, ISO 14091:2021 Adaptation to climate 
change — Guidelines on vulnerability, impacts and risk assessment, https://www.iso.org/
standard/68508.html. For additional relevant ISO instruments, see: “Assessing the Risk of 
Climate Change,” ISO, February 17, 2021, https://www.iso.org/news/ref2625.html.

56. PIANC, EnviCom WG 178: Climate Change Adaptation Planning for Ports and Inland 
Waterways (2020), https://www.pianc.org/publication/climate-change-adaptation-planning-
for-ports-and-inland-waterways-2/; PIANC, PTGCC Technical Note 1 : Managing Climate 
Change Uncertainties in Selecting, Designing and Evaluating Options for Resilient Navigation 
Infrastructure (2022), https://www.pianc.org/publication/envicom-ptgcc-technical-note-1/; 
Jan Brooke et al., “Port and inland waterway design and operation in the face of climate 
change uncertainty.” Proceedings of the Institution of Civil Engineers - Civil Engineering 177, 
no. 5 (2024): 1–13. See also: European Commission, Technical guidance on the climate proof-
ing of infrastructure in the period 2021-2027, O.J. C 373, p. 1 (16 September 2021), available 
from https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021XC0916(03
)&from=EN. 

57. Methodological frameworks include some which are cross-sectoral (see: RJ Smith-
ers and T Dworak, Assessing climate change risks and vulnerabilities (climate risk assessment) 
(European Union, 2023)) as well as some that are port-specific, see for instance: “Assessment 
of Climate Change In Ports of Southwest Europe,” https://www.ecclipse.eu; UNCTAD, Cli-
mate Risk and Vulnerability Assessment Framework for Caribbean Coastal Transport Infrastruc-
ture (2018), https://unctad.org/system/files/official-document/dtltlb2018d1_en.pdf; Alberto 
Fernandez-Perez, Iñigo J. Losada, and Javier L. Lara, “A framework for climate change ad-
aptation of port infrastructures,” Coastal Engineering 191 (2024), https://doi.org/10.1016/j.
coastaleng.2024.104538. Also worth noting are port resilience-related tools and indices, see 
Fernando León-Mateos et al., “Adapting our sea ports to the challenges of climate change: 



the brown journal of world affairs

Regina Asariotis

92

Development and validation of a Port Resilience Index,” Marine Policy 130, 104573 (2021); 
Lauren L. Morris and Tracie Sempier, “Ports Resilience Index: A Port Management Self-
Assessment: Understanding How Prepared Your Port Organization Is For a Disaster” (2016), 
https://repository.library.noaa.gov/view/noaa/41150.

58. Gerald Bove et al., “A method for regional estimation of climate change exposure of 
coastal infrastructure: Case of USVI and the influence of digital elevation models on assess-
ments,” Science of The Total Environment 710 (2020).

59. PIANC, Climate Change Adaptation Planning for Ports and Inland Waterways (2020), 
https://www.pianc.org/publication/climate-change-adaptation-planning-for-ports-and-
inland-waterways-2/.

60. United Nations Conference on Trade and Development, Climate-resilience of seaports: 
Adequate finance is critical for developing countries but remains a major challenge (2022). 
UNCTAD Policy Brief No. 103, https://unctad.org/publication/climate-resilience-seaports-
adequate-finance-critical-developing-countries-remains. For further information on decar-
bonization efforts in ports, see for instance the World Port Sustainability Programme of the 
International Association of Ports and Harbors (IAPH), https://sustainableworldports.org/; 
and American Association of Port Authorities (AAPA), Port Decarbonization Survey: Trends 
and Lessons Learned (2024), available from https://aapa.cms-plus.com/files/appa%2Dport%
2Ddecarb%2Dsurvey%2Dpublication.pdf.

61. United Nations Conference on Trade and Development, A world of debt (2024), avail-
able from https://unctad.org/publication/world-of-debt. 

62. Ibid; United Nations Conference on Trade and Development, Climate-resilience of sea-
ports: Adequate finance is critical for developing countries but remains a major challenge (2022), 
UNCTAD Policy Brief No. 103, available from https://unctad.org/publication/climate-
resilience-seaports-adequate-finance-critical-developing-countries-remains; see also United 
Nations Conference on Trade and Development, The Bridgetown Covenant, TD/541/Add.2 
(2021) at para. 87, https://unctad.org/system/files/official-document/td541add2_en.pdf.

63. United Nations Environment Programme, 2024 Adaptation Gap Report (2024), 
https://www.unep.org/resources/adaptation-gap-report-2024. 

64. OECD, Climate Finance Provided and Mobilised by Developed Countries in 2013-2022 
(2024), https://www.oecd-ilibrary.org/environment/climate-finance-provided-and-mobilised-
by-developed-countries-in-2013-2022_19150727-en. 

65. “COP29 UN Climate Conference Agrees to Triple Finance to Developing Countries, 
Protecting Lives and Livelihoods,” UNFCCC, https://unfccc.int/news/cop29-un-climate-
conference-agrees-to-triple-finance-to-developing-countries-protecting-lives-and.

66. World Meteorological Organization, “WMO and the Early Warnings for All Initia-
tive,” https://wmo.int/activities/early-warnings-all/wmo-and-early-warnings-all-initiative; 
United Nations Office for Disaster Risk Reduction, Global status of multi-hazard early warn-
ing systems (Geneva: United Nations, 2022), available from https://www.undrr.org/publica-
tion/global-status-multi-hazard-early-warning-systems-target-g.

67. United Nations Sustainable Development Group, UN Common Guidance on Helping 
Build Resilient Societies (New York: United Nations, 2020), https://unsdg.un.org/down-
load/4520/71672; Stephane Hallegatte, Jun Rentschler, and Julie Rozenberg, Lifelines: The 
Resilient Infrastructure Opportunity (Washington, DC: World Bank, 2019).


