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I.

Introduction and global context on climate change

1.
Climate change is generally defined as the change in climate attributed directly or indirectly to
human activity which, in addition to natural climate variability, is observed over comparable time periods.
The definition adopted by the United Nations Framework Convention on Climate Change (UNFCCC)
focuses only on the human activity that alters the composition of the global atmosphere and excludes other
human activity effects such as changes in the land surface.
2.
Therefore, Climate Change under this definition refers to the emission of greenhouse gases (GHG)
such as carbon dioxide, nitrous oxide, methane and fluorocarbons. Greenhouse gases occur naturally and
are essential for keeping some of the sun’s warmth from reflecting back into space. But after more than a
century and a half of industrialization, deforestation, and large-scale agriculture, the quantities of
greenhouse gases in the atmosphere have risen to record levels, which in turn contributes to major changes
to the global climate and pose significant risks to life as we know it. The concentration of GHGs in the
earth’s atmosphere is directly linked to the average global temperature; the concentration has been rising
steadily and mean global temperatures along with it. Carbon dioxide (CO2), though not the most potent of
GHGs, is the most significant one accounting for about two-thirds of greenhouse gases and is largely the
product of burning fossil fuels.
3.
The World Meteorological Organization (WMO) released data, up to July 2019, as part of a highlevel synthesis report entitled “United in Science” and published under the umbrella of the Science
Advisory Group of the United Nations Climate Action Summit 2019.1 According to the report, the period
2015–2019 is not only set to be the warmest five-year period in recorded history, but also the period during
which CO2 growth rates exceed those of the previous five years by an unprecedented rate of approximately
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20%. Preliminary data from a subset of greenhouse gas observational sites for 2019 indicate that global
concentrations of CO2 are on track to reach or even exceed 410 parts per million by the end of 2019. On
that basis, WMO warned that “climate change causes and impacts are increasing rather than slowing
down” as evidenced by the frequency and intensity of climate disasters in this period. The key
recommendation from the report was that greenhouse gas emissions, notably from energy production,
industry and transport should be drastically reduced. Importantly, the WMO Secretary-General and co-chair
of the Science Advisory Group stated at the Summit that “To stop a global temperature increase of more
than 2 degrees Celsius above pre-industrial levels, the level of ambition needs to be tripled. And to limit
the increase to 1.5 degrees, it needs to be multiplied by five”.
4.
Despite ongoing efforts to reduce GHG emissions – referred to as ‘mitigation’ - carbon dioxide
levels due to emissions from fossil fuel combustion are increasing, owing to investment in high-carbon
infrastructure and increasing worldwide demand for energy and transport. Transport in particular is
responsible for approximately a quarter of world energy-related GHG emissions. Furthermore, the transport
sector is the second largest (and second fastest growing) source of global GHG emissions. Historical data 2
since 2000 show that growth in absolute CO2 emissions has been the highest globally in Asia, followed by
Africa and Latin America. The growth can be attributed to increases in passenger and freight transport
activity in these regions. Emissions from freight transport, more specifically, are growing much more
rapidly than emissions from other types of transport, and the share of freight transport-related emissions
increased from 35% in 2000 to 41% in 2015.3 In addition, in 2015, the highest share of freight demand was
in India, at 53%, and China, at 43%, exceeding the global average of 40%, while in many Asian landlocked
countries, such as Afghanistan, Kazakhstan and Uzbekistan, freight transport exceeded 50% of total surface
transport demand.4
5.
It follows that, with transport remaining a leading contributor to greenhouse gas emissions and a
major consumer of fossil fuels, and with climate change being a reality, traditional thinking around transport
policies and planning need to be reassessed. Notably, the understanding of how low-carbon transport and
energy technologies will evolve is still not well developed, and assessing this gap remains challenging for
the transport sector. Importantly, given its extensive coastlines and mountainous topography, along with its
increasing urban population living in low-elevation coastal zones, the population and infrastructure of Asia
and the Pacific are particularly exposed to projected changes in climate. Investments in the transport sector
are among those most vulnerable to changes in climate variables, including increased sea level and expected
changes in the frequency and intensity of extreme weather events. Even after introducing significant
measures to reduce GHG emissions, a substantial degree of climate change is unavoidable, thus, calling for
adaptation measures.
6.
Climate change adaptation refers to actions that reduce the negative impact of climate change, while
taking advantage of potential new opportunities. It involves adjusting policies and actions because of
observed or expected changes in climate. Adaptation can be reactive, occurring in response to climate
impacts, or anticipatory, occurring before impacts of climate change are observed. In most circumstances,
anticipatory adaptations will result in lower long-term costs and be more effective than reactive adaptations.
Adaptation and mitigation are complementary in addressing climate change. The Intergovernmental Panel
on Climate Change found that while neither adaptation nor mitigation actions alone can prevent significant
climate change impacts, taken together they can significantly reduce risks. Mitigation is necessary to reduce
2
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the rate and magnitude of climate change, while adaptation is essential to reduce the damages from climate
change that cannot be avoided.
7.
Against this background, this paper aims to outline some of the key elements for the region to
consider in terms of climate change adaptation for the transport sector, as well as to discuss the relationship
of adaptation and resilience. Many sectors have published guidance on resilience and adaptation;
increasingly governments are incorporating “adaptation plans” and moves are in train to change planning
rules, design standards and policies. Organisations are encouraged and are deciding to look long-term across
their entire operations towards short- and longer-term impacts. This can include stress-testing the delivery
of services and critical reviews of long supply chains. The Coronavirus disease (COVID-19) pandemic has
also shown how preparation and investment in contingency measures in a systemic way reaps many
benefits; climate change adaptation needs a similar approach.

II.

Adaptation and resilience

8.
Adaptation and resilience are two concepts originally developed in dissimilar problem contexts,
but which are important for the ability to respond to climate change. They are often seen as intrinsically
linked to each other, i.e. adaptation leads to resilience and resilience is a property needed for having the
capacity to adapt. Resilience includes the ability to acquire new capabilities, whereas adaptation in its
narrowest understanding entails preserving existing resources. It will be useful first to discuss resilience as
a term and concept, before addressing adaptation.
9.
Resilience is, perhaps, one of the most complex terms to comprehensively define, especially within
different sectors, and one which is most commonly associated with disaster risk reduction strategies. One
of the earlier introductions of the concept was in ecology in the 1970s as “a measure of the persistence of
systems and their ability to absorb change and disturbance and still maintain the same relationships
between populations or state variables”.5 One UK study turned up 34 different meanings of the word in
government publications. The World Road Association (PIARC) defined resilience as “The ability to
prepare and plan for, absorb, recover from, or more successfully adapt to actual or potential adverse
effects”. 6 This can be contrasted with the definition cited following the catastrophic 2007 floods in England
as, “the ability of a system or organisation to withstand and recover from adversity”.
10.
Most definitions refer, in one way or other, to the capability of a system to recover – bounce back
– to the state it was in prior to an event; consequently, resilience can mean the rapid recovery of a system’s
performance after an event. More broadly, however, resilience is also about “building back better” so, for
example, where infrastructure is damaged or destroyed during a cyclone, its replacement is built to more
robust specifications meaning that in future, an equivalent strength cyclone will not have the same impact.
In the context of transport, resilience entails ensuring transport system integrity, service reliability,
functionality, and rapid recovery after acute shock or chronic stresses.7
11.
There are two schools of thought on transport network resilience. The first one considers instances
in which a node is connected to the rest of the network by one major link or is reliant on one other node for
access to the rest of a network. The other perspective considers a highly connected network in which
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agglomeration forces or other scale effects have encouraged a concentration of activity in one of the nodes
or along one link. While the causes may be very different, both types of networks face similar risks of
vulnerability to disruptions to the node or link on which they are dependent. In the first instance, however,
the effects are isolated to one node, while in the other, the effects can be transmitted to the rest of the
network and over a large area. One such example is the flooding that occurred in Thailand in 2011 from
which it is estimated that the disruptions reduced the country’s gross domestic product (GDP) growth rate
from an expected 4% to 2.9%8 and reduced global industrial production by 2.5%.9
12.
Disruption, therefore, even where short in duration, at one location can have ramifications around
the world. At the same time, understanding network resilience is increasingly important for landlocked
countries, especially those that are dependent on one major trade route for access to and from overseas
markets. Overall, in discussing how to define “resilience”, views converge that it is easier to recognise it
than to define it; in other words, resilience means what it means to the beholder in the context of their
activities. The word “resilience” is useful when understood in this way, as an introduction to the topic of
adaptation to climate change.
13.
Adaptation is a relatively newer term in its common usage and which dominantly appears in the
climate-change context. Several definitions have been given over the years (see table 1); the most recent
ones emerge from the Intergovernmental Panel on Climate Change and the UN Framework Convention on
Climate Change as an adjustment in ecological, social, or economic systems in response to actual or
expected climatic stimuli and their effects or impacts. This term refers to changes in processes, practices,
or structures to moderate or offset potential damages or to take advantage of opportunities associated with
changes in climate. Adaptation is important in the climate change issue in two ways—one relating to the
assessment of impacts and vulnerabilities, the other to the development and evaluation of response options.
14.
Adaptation to climate change as set out in policy-oriented academic literature traditionally provided
scarce practical guidance for policymakers and raised numerous conceptual questions. There has also been
evidence of lack of cohesion and dialogue between adaptation science and adaptation policy.10 To address
this, in recent years practitioners across sectors have published guidance on adaptation. By way of example,
the International Union of Railways (UIC) published their report entitled “RailAdapt” in 2017, which
explains how the rail sector needs to adapt to climate change impacts; the lessons can be applicable across
all transport modes. It highlights how weather records are being broken almost every year across the globe.
The effects of floods, droughts and other extreme weather events are disrupting transport operations more
frequently at a local level, causing loss of revenue and potential long-term loss of business. With society
changing, shifting populations, migration and economic development the report posits that there are
opportunities for the railway sector through expanding markets and linking with other service providers to
generate new business, for example through sustainable and integrated multimodal transport. Adaptation
also makes sense commercially. Disruption of transport operations and infrastructure by extreme weather
events damages both revenue and reputation for transport providers. Transport operators need to think
systemically and support what could be traditionally seen as “rival” modes but are all part of a global,
regional and local supply chain.
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Table 1: Summary of adaptation definitions

Source: E. Lisa F. Schipper, Tyndall Centre Working Paper No.107 July 2007 at
https://www.preventionweb.net/files/7782_twp107.pdf

15.
At the same time, the risks of maladaptation should also be noted; adaptation measures, whether
being adopted for their own sake or being built as part of other transport investments, should be assessed
against the Sustainable Development Goals and GHG mitigation needs. This is to ensure that, in addressing
a short-term need, they do not endanger long term sustainability objectives. For example, it would run
contrary to the principles of climate action altogether if infrastructure was adapted to projected climate
impacts in a way that would increase GHG emissions.
16.
Adaptation to climate change has recently ramped up in importance on the climate change agenda,
previously having been a “poor relation” to climate change mitigation efforts. To address the proliferation
of approaches that ran the risk of maladaptation, the international community took a major step forward
under the aegis of the International Organization for Standardization (ISO) - the worldwide federation of
national standards bodies. ISO drafted the first international standard on climate adaptation, ISO 14090
Adaptation to climate change – Principles, requirements and guidelines. ISO 14090 was published in June
2019 and will be supported by other standards. ISO 14090 offers a systemic approach to adaptation that
focuses on integrating adaptation within or across organizations. It uses a framework that helps the
understanding of the impacts and uncertainties of climate change and how these can be used to inform
decisions. It can be applied by any organization, regardless of size, type and nature, including local, regional
and international businesses and administrations.

III. Climate Change impacts on transport: an overview
17.
In the context of transport, rising sea levels, increased frequency and intensity of extreme storm
surges and waves, droughts and/or river floods and increased temperatures, as well as extreme temperature
variability are increasingly causing damage and disruption to transport systems. Impacts include port and
5

coastal road inundation/ submersion, access restrictions, deterioration of the condition and structural
integrity of road pavements, and the rapid failure of bridges and railway tracks. This has corresponding
implications not only for the viability of freight transport but, importantly, for populations whose access to
mobility becomes increasingly compromised, thus limiting access to jobs, healthcare and other basic
services. Other impacts could arise through changes in the population concentration and/or distribution, as
well as through changes in production, trade and consumption patterns, which are likely to lead to
considerable changes in the demand for transport.
18.
Partly as a result of its extensive coastlines, Asia and the Pacific in particular, is more vulnerable
to coastal flooding than any other region in the world, which particularly affects transport systems and
services. According to a report by the Asian Development Bank,11 Asia has over 750 urban settlements
whose populations are located in low-elevation coastal zones. More than 60 cities of at least 100,000
population are located within such zones. By the year 2025, the report estimates that 70% of Asia’s urban
population is projected to live in coastal areas. It is also projected that, by the same year, approximately
430 million city dwellers will be at risk of coastal flooding. Of the 25 most exposed cities in the world to a
one-meter sea level rise, 12 are in Asia.
19.
These considerations necessitate systemic adaptation measures, to reduce vulnerabilities and
increase the resilience of transport systems to climatic impacts. This encompasses infrastructure physical
robustness and the overall transport systems’ ability to maintain functionality, recover quickly and at
minimal cost. From the economic perspective, adaptation measures may limit operational and rehabilitation
costs incurred by incremental climatic changes and/or extreme weather events; although, adaptation does
also come at a cost. For example, ports in the Asia-Pacific region which now account for a significant share
of global seaborne trade will require investments to adapt them to climate change induced events. A recent
study covering 53 ports in the Asia-Pacific region estimated that the cost for adapting these ports to future
climate realities could range from 31 to 49 billion US dollars. Incorporating these considerations into
financing and investment strategies for transport will also, therefore, be crucial.
20.
The Asian Development Bank has estimated that Asia needs to invest $1.5 trillion a year in
infrastructure from 2016 until 2030 to keep pace with economic growth. The estimated investment
requirement rises by 16% to more than $1.7 trillion a year when taking into account climate adaptation and
mitigation measures. Mitigation costs could amount to $200 billion annually, while adaptation costs are
estimated at $41 billion a year, mostly for transport infrastructure. Specifically, the overall infrastructure
investment requirements of India, including transport, rise to 8.8% of its GDP when adjusted for climate
resilience. In South-East Asia, it rises to 5.7%, while in the Pacific the expected additional investment is
highest, at 9.1% of GDP.12 A UNOPS report suggests that efficient infrastructure policy and disciplined
investment decisions are vital for attaining the Sustainable Development Goals, notably that infrastructure
systems can have an impact on the achievement of up to 92% of all SDG targets. 13
21.
Climate-adapted transport projects are already being promoted by multilateral development banks
and other development actors, often with loans being contingent upon adaptation planning. These
considerations, however, need to be integral to the national and regional transport planning processes
currently underway and still fall short of covering the needs of critical links and nodes in the regional
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network. Various methodologies have been employed for several years to calculate vulnerabilities and the
likelihood and nature of disruptive events across the region, including by ESCAP. By way of example, the
Asian Highway network is deemed increasingly exposed to high risks of disruptions because of
earthquakes, floods, cyclones and landslides, thus creating multi-hazard risk prone areas and infrastructure
assets.
Figure 1: Percentage of infrastructure at risk of all multi-hazards (earthquake, flood, cyclone and landslide)
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A. Examples of climate change impacts on transport in the ESCAP region
Floods and extreme rainfall – Road network in Kerala Province, India
22.
The Indian Meteorological Department has recorded significant changes in the rainfall pattern in
India in the last few decades.14 The devastating floods in Kerala (August 2018) were an outcome of a chain
of extreme weather events attributed to climate change. The Kerala floods impacted the road network15, the
dominant mode of transport in Kerala catering to around 75% of freight and 85% passenger mobility needs.
23.
The 2018 floods and consequent landslide disasters resulted in an estimated loss of $1.22 billion to
the road sector. Approximately 48% of the state highways and major district roads were reported damaged,
mainly due to floods, landslides, earth slips, soil movement, and rock falls. Estimates of damage from the
2018 event include about 2,000 Km of state highways and 13,000 Km of major roads across 14 districts.
The local Public Works Department is considering developing a more sustainable and climate resilient asset
stock in the medium to long term with approximately 700 Km of roads being selected following
prioritization. “Building back better” principles will be applied for the rehabilitation of these roads.
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Cyclones - Avatiu Port, Rarotonga, Cook Islands16
24.
Tropical Cyclones (TCs) are the biggest climatic risk facing the Cook Islands. Undoubtedly the
worst cyclone in living memory for most residents of Rarotonga is TC Sally (1987), which resulted in
widespread flooding from storm surge, overtopping and rainfall, but also destroyed and damaged many
buildings along the coast through direct wave overtopping impacts. A series of five TCs in 2005 (Meena,
Nancy, Olaf, Heta and Rae) also resulted in areas of significant localised damage. Although TC Sally (1987)
and the 2005 cyclones resulted in significant destruction, TC Sally was of relatively low intensity (Category
2) while tracking over Rarotonga, and none of the 2005 cyclones tracked directly over the island. TC Sally
was estimated at having a return interval of around 20 years. Events more severe than TC Sally have been
recorded, including situations where storm surge is reported to have met the foot of the mountains in
Avarua.
25.
Avatiu Port was used as a case study for implementing a qualitative risk assessment methodology
that can later be applied to other Pacific Island ports. The methodology, through a process of surveys and
information gathering with port and connected infrastructure managers in Rarotonga, was to identify the
existing and primary risks of climate change on port facilities and operations. In addition, the project
identifies the secondary risks to supply services for the Rarotonga and wider Cook Islands communities
including fuel, energy, water, communications, transport, consumables and tourism. Critical linkages
between the port and connected infrastructure services were identified and their associated risks qualified.
The project assessed existing adaptive capacity and present adaptation options for facilities and operations
identified as being at high risk.
Sea level rise
26.
The risks to transportation, especially coastal transport infrastructure, threaten global trade and
development. "Coastal risk is becoming one of the most threatening natural hazards, especially in lowincome countries," said an expert from the European Commission Joint Research Centre, while presenting
latest global projections on climate risks and multi-hazard exposure of transport infrastructure assets. 17
27.
Small island developing states (SIDS), have a critical reliance on coastal transport infrastructure,
in particular seaports and airports, and their exposure to climate change impacts such as sea-level rise and
extreme weather events increases risks. These impacts threaten SIDS ability to trade and efforts for disaster
relief, as well as international tourism, one of their key economic development drivers, all of which require
secure and reliable international transport connections.

B. Systemic, knock-on effects
28.
Infrastructure operators tend to manage their own operations well, namely those operations within
the curtilage of their installations, be they port, road, rail, airport, or freight depot installations. Studies in
recent years including the UK railway adaptation study “TRaCCA”18 has shown that any infrastructure
system – rail transport in TRaCCA’s case – depends upon many other systems in order to function. Rail
transport depends upon road networks for freight distribution and maintenance activity; on energy networks
for power to drive trains; on water infrastructure to manage floods and extreme rainfall; on information
16
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communication technology for monitoring, control and signalling systems and so on. Road networks, port
internal infrastructure, waterways and airports all have similar interdependencies. Figure 2 shows
Interdependencies between and within infrastructures within the system of the Port of Rotterdam. This
illustration highlights how the whole operation of the port is dependent upon many ‘sub-systems’ operating
effectively.
29.
One area not so well highlighted is that of the supply chain. This is an important system component
in that the sub-systems described will all depend on to some degree for the supply of fuel, energy and
communications, even personnel. Should these sub-systems become disrupted, then the port (or other
transport system) will not function efficiently and might fail in its purpose - to act as a conduit for freight
and passengers.
30.
This systemic feature is often overlooked, and up-to-date thinking encourages infrastructure
operators to think both about such systemic externalities affecting their own operations, as well as how
failures of their own operations can impact others. A failure of a port might come about not so much as
from damage to its own installations, but from a failure of hinterland infrastructure (pipelines, roads,
railways) meaning that goods have to be stored at the port or ships held up at sea.
Figure 2: Interdependencies between and within infrastructures within the system of the Port of
Rotterdam 19

Source: PIANC: EnviCom WG 178: Climate Change Adaptation Planning for Ports and Inland Waterways (2020)
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31.
“Systems thinking”20 is the name given to the concept of understanding interconnected systems
which can be complex. As well as the physical interdependencies illustrated above, there are other
interactions that can have a bearing on the transport sector’s ability to perform. These can include finance
arrangements, insurance, contingency planning, organisational capacity and individuals’ responsibilities.
32.
The benefits of seeing transport as a system, and of treating an individual organisation as a system
with internal and external influences, include an ability to set boundaries around activities to improve
adaptation and resilience and so filter out what the organisation can and cannot manage by itself. Systems
thinking can aid priority setting and the identification of unintended consequences from decisions that might
be made in isolation.

C. Resilience and redundancy
33.
Efficiency, lowest first cost, value engineering – all are common themes in infrastructure
construction programmes in a drive towards economy and cost-reductions. Nevertheless, such concepts can
impact the long-term resilience of infrastructure projects, where robustness might be designed out in order
to reduce costs. Reducing the height of a road or railway across a flood plain is an example where lowering
delivery costs actually can prevent the functioning of the transport system – with flooding more likely to
occur more frequently, than if, say, a road carriageway or railway track has been designed to remain above
the flood level.
34.
Consider redundancy in transport – where more than one way of achieving the desired result is
available. Can a port use different inland transport modes as substitutes where one mode is disrupted? This
is a question probably best asked when designing a facility, or when major upgrades are being thought of –
a strategic question.
35.
For ports, if rail inland transport (as a feeder or deliverer of freight) cannot function, is there an
alternative rail route available? Can road transport effectively shift the goods – maybe if the handling
systems and trucks are available, maybe not if bulk goods (iron ore, grain) are carried. If onward transit
from the port is by road, are the road networks vulnerable? If onward transport by any mode is
compromised, is there storage space available so ships can be unloaded?
36.
For rail, are alternative routes available and capable of use at short notice? Track and structure
designs may be incompatible from one route to another e.g. commonly used track gauges (the distance
between the rails) can vary from 760mm to 1676mm with 1435mm predominant in many parts of the world.
37.
For inland waterways, drought and floods can be climate-related issues – what alternative means
would be available to tranship goods to alternative modes if the need arises?
38.
For all modes, there would a need for contingency plans that can be implemented to assure the
continuation of supply during disruption.

IV.

Adaptation measures

39.
Adaptation measures can be seen as “hard” and “soft” measures, and mixtures of both can be
effective as long as they are designed in an integrated way.
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A. Hard measures
Traditional methods
40.
Hard infrastructure adaptation can be categorised as “grey” or “green” measures. Grey measures
are “traditional” approaches such as structural infrastructure, for instance levees and sea walls to cater for
sea level rise and increased inland flooding, improved drainage systems for intense rainfall associated with
cyclonic events, cooling for installations and buildings using shading and other passive architectural
solutions. Architects and engineers should be discouraged from active cooling of buildings using airconditioning units, especially where electricity is generated using fossil fuels. Green measures can be
sustainable and examples include ecosystem-based adaptation, green roofs on transport depots, flood
storage and protection zones, vegetation and water features for cooling urban areas, and natural soil surfaces
for rainwater management.

Examples of measures taken by the Korea Expressway Corporation (KEC), Republic of Korea:
• Strengthened Design Rainfall Generation Frequency: In mountainous areas drainage facilities
to be built for a 100-year event; previously 25-50 years; in other areas 20 years, previously 10
years
• Increased safety factor for slope stability: Increased from 1.1 to 1.2
• Improved function of drainage facilities: KEC has made improvements to its design criteria to
improve the ability of drainage facilities to collect and carry water.
• Increased concrete strength: To protect structures from salt damage caused by increased use
in de-icing materials, concrete strength was increased from 24 mega pascals (MPa) to over 30
MPa. This also helps to protect the structures against frost damage.
• Employed bridge design countermeasures: New bridges designed for a 200-year return period.
Increased the minimum freeboard from 1 to 2 meters; increased bridge opening sizes and flow
capacity by raising required span lengths. Relocating bridge piers and foundations outside of
main channels. Also taking steps to adapt in-service bridges at low elevation, by either
reconstructing them or raising their heights by 1 to 3 meters.
Bangladesh - adaptation measure taken for coastal roads:
• Crest level raised 200 mm above A1B scenario sea levels in 2034.
• Surface material all concrete with minimum thickness of 150 mm with adequate
reinforcement.
• Pavements to be thickened sand aggregate. Sub-base to be 0.25 meters wider than overlying
layer.
• Embankments additionally strengthened on roads in flood areas with either concrete or brick
work.
• Cross drainage structures increased as necessary with full width drainage layer in sub-base.
(minimum 2 per km). • Need for larger culverts assessed.
• Strengthened abutments and approaches to bridges and culverts.
11

B. Soft measures
41.
Soft adaptation measures include behavioural change, seeking new knowledge, making resilience
to climate change “business as usual” through integration into an organization's policies and operational
procedures, training, insurance, and flood warning systems. Tools such as construction standards can be
used as soft measures, as can capacity and awareness raising, public health management reform and landuse planning restrictions. As an example, flood warning systems can make use of infrastructure safety
management plans including forecasting and hazard mapping, and planning and development
considerations. Used together, integrated adaptation can be advanced.

C. Transformation
42.
Many regard climate change adaptation as small step, incremental changes to transport
infrastructure. However, with increased storminess and slow-onset sea level rise, fundamental changes are
being seen as necessary. Incremental adaptation can mean “more of the same” and “business as usual”
continually acting within the limits of accepted boundaries and practices – building up existing flood levees;
improving weather warning systems; and strengthening road and railway embankments. Transformative
adaptation will become more relevant as transport operators appreciate the scale of climate impacts and
recognise the need for a “step change” in thinking. Building on the projections on infrastructure mentioned
at the outset of this paper, there is opportunity to make changes in the economic, social or environmental
components of a system fundamentally. This should ideally revolve around integrated planning policies
that join up thinking across economic, social and environmental components. Examples of transformative
adaptation are the relocation of facilities and installations, even entire cities; the building of new road and
rail routes, and disruptive innovation.

V. The cost of adaptation
A. The context specific nature of adaptation measures
43.
Adaptation and building resilience is context-specific, unlike efforts to mitigate climate change by
reducing GHG emissions. Sourcing information on costs of individual adaptation and resilience-building
measures is therefore thought to be of limited value; adaptation and resilience measures that are developed
through adaptation planning is context-specific. What is known is that adaptation activity can bring benefits,
with relatively high benefit to cost ratios.

B. The benefits of adaptation and resilience-building activity
44.
A 2019 report by the Global Commission for Adaptation21 mooted a $1.8 trillion investment over
the ten years from 2020 to 2030 can bring $7.1 trillion in benefits by 2030. Figure 3 illustrates this in more
detail, showing B-C ratios in five areas; notably making new infrastructure resilient offers the highest net
benefits.

21

https://cdn.gca.org/assets/2019-09/GlobalCommission_Report_FINAL.pdf
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Figure 3: Benefits and Costs of Illustrative Investments in Adaptation

Source: GCA Report: Adapt Now: A global call for leadership on climate resilience (2019)

45.
Notably, the report recognises that adaptation actions bring multiple benefits. This is referred to as
a “triple dividend” where the first dividend is the avoidance of loss, where the investment reduces future
losses. The second is where economic benefits are gained through the reduced risk with increasing
productivity and innovation activity brought about by the need for adaptation. Thirdly, there are associated
social and environmental benefits. In Figure 3 the five areas have “avoided loss” benefits, and “improved
dryland crop production”, “mangrove protection”, and “water resources management” bring economic,
social and environmental benefits.
46.
The report emphasises how many adaptation actions generate significant additional economic,
social, and environmental benefits, which accrue on an ongoing basis starting at the time of investment and
are not dependent on the future state of the climate. Figure 4 expands upon this triple dividend concept.
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Figure 4: The Triple Dividend in Action

Source: GCA Report: Adapt Now: A global call for leadership on climate resilience (2019)

47.
Corroborating and reinforcing the conclusions of the GCA report, the World Bank in 2019
published a report22 that assessed, for the first time, infrastructure disruption costs to low- and middleincome countries along with the economic benefits of investing in resilient infrastructure. Four essential
infrastructure systems were reviewed including transport. It set out a framework for understanding the
ability of infrastructure systems to function and meet users’ needs during and after natural shocks. Findings
were that the extra cost of building resilience into these systems is 3% of overall investment needs.
48.
The overall net benefit of investing in the resilience of infrastructure in developing countries would
be $4.2 trillion over the lifetime of new infrastructure, a $4 benefit for each dollar invested in resilience.
The report had a message for infrastructure investors, governments, development banks, and the private
sector: “Invest in regulations and planning, in the early stages of project design, and in maintenance. Doing
so can significantly outweigh the costs of repairs or reconstruction after a disaster strikes”.

22

https://openknowledge.worldbank.org/bitstream/handle/10986/31805/9781464814303.pdf?sequence=2&isAllowed=y
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C. Adaptation financing, challenges and opportunities
49.
Adaptation and resilience needs are driving organisations to seek to finance adaptation and
resilience measures, and investors are becoming more aware of these needs. Green bonds, climate
disclosure (Task Force on Climate-related Financial Disclosure23) and investors seeking some form of
assurance that their loans are climate-proof are all evidence of adaptation becoming “mainstream”. Other
drivers include the benefits described above, and the fact that practically all nations are signed-up to the
Paris agreement and the 2030 Agenda and its Sustainable Development Goals.
50.

Challenges to financing adaptation financing include:







A lack of understanding in government and corporate decision makers;
A lack of capacity in organisations to appreciate the long-term nature of adaptation;
Short term thinking – a less than 20-year outlook and short return periods for investment;
Economics rules that make use of high interest rates;
Policies that favour narrowly defined benefits;
Slow adoption or drafting of climate-proof standards.

51.
According to a New Climate Economy report24, whilst companies and investors are ready to
advance adaptation, current regulations, incentives and tax mechanisms are a major barrier to implementing
a low-carbon and more circular economy. This has relevance for adaptation in that organisations tend only
to change if a higher authority – say a new government policy or legislation - makes them change, or a
catastrophic event causes a rethink as set out by Geels in 2002.25
52.
Opportunities however are all around. The 2020 COVID-19 experience brings awareness of the
value of contingency planning and systemic response to catastrophic events; many countries and
organisations are talking about “building back better” and essentially have changed the way they use
economics rules, policy and legislation as levers to instigate change.
53.
Populations are better aware of climate risks owing to the efforts of civil society and movements;
particularly younger people are concerned about existential issues and longer-term survival of the human
species. This is driving politicians to consider alternatives to “traditional”, finance-based economics that
consider environment and social gain – the so-called ‘triple-bottom-line’ of sustainability.
54.
Guidance exists in all land transport modes that encourage adaptation, and tools have been
developed to help decision-makers develop their capacity for decision-making, such as the Capacity
Diagnosis and Development (CaDD) tool26 and appreciate what they need to do to improve – continually
improve – their adaptive capacity and adaptation capability.

23
24
25
26

https://www.fsb-tcfd.org
https://newclimateeconomy.report/2018/wp-content/uploads/sites/6/2018/09/NCE_2018_ExecutiveSummary_FINAL.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0048733302000628#!
www.cadd.global

15

D. The importance of data for effective adaptation
55.
The findings of the PIANC Cook Islands report on Avatiu Port showed that, in many Pacific Island
states, historical climatic data, tidal gauging, survey data and other data is lacking, which can be challenging
when developing project-specific climatic projections.
56.
While some data was used to inform the related project, whether historical data or that collected
during the course of the project, the methodology adopted highlighted the importance of anecdotal
observations from historical events. The importance of engaging with stakeholders was invaluable in this
study and should be considered necessary in any future climate change adaptation assessments for other
Pacific Port projects. The study demonstrates the value of qualitative risk assessments in raising awareness
(from CEO level through management and to operational staff) and the building of adaptive capacity.
57.
The availability and sourcing of data and information is a fundamental step in determining
adaptation needs. Data needs can include:






Identifying hazards which can include climate hazards and weather hazards: rainfall, floods (a
secondary hazard related to rainfall), wind, hail, snow, ice, coastal inundation and erosion, slow onset
change such as sea level rise, species migration;
Identifying hazard extremes and averages;
Identifying vulnerabilities e.g. critical assets – port installations, bridges, roads, railways, vehicle
depots, freight yards, control centres, stations, fuelling points;
Identifying exposure – i.e. whether the location of critical assets means they are exposed to climate and
weather hazards such as flood plains, mountainous terrain, exposed coastlines, erodible or landslipprone soils.

E. How to determine the adaptation needs
58.
Transport organisations seeking to determine their adaptation needs would be well advised to start
by checking what guidelines exist at sector-level on how to do this. Guides, already referenced, exist in all
sectors – rail, road, ports and waterborne transport. One internationally recognised document covering all
sectors is ISO 14090 Adaptation to climate change – Principles, requirements and guidelines.
59.
Steps involved in determining needs can include thoughts about what has been vulnerable to
extreme weather in the past, what changes might occur in the near to long term future e.g. how
vulnerabilities and exposure will change through development or other growth factors such as population
growth. Often organisations think no more than to carry out a risk assessment and treat adaptation as a
short-term problem. Other organisations realise that it’s more than a risk or vulnerability assessment –
leadership, governance, knowledge and data all feature. A systemic approach is valuable.

F. Broadly used methodologies for adaptation planning
60.
The rail industry’s “RailAdapt” report, from UIC, offers a framework approach for adaptation
planning. The framework covers an adaptation strategy and a set of action plans to implement adaptation.
This is similar to the ISO 14090 framework.
61.
A systemic view of what makes the whole transport system work, with splitting the system into
manageable system components where impacts (risk/ vulnerability) are assessed and impacts identified is
a common early step in any approach. RailAdapt shows how hazards and impacts (vulnerabilities) are
16

identified and risks appraised. These strategic steps then lead to adaptation planning which then addresses
the identified impacts through seeking options for adaptation, making decisions on preferred options, that
are then assembled into specific action plans. The outcomes of the action plans are then reviewed and
learning/ feedback used to start the cycle again. Viewing the transport system as sub-system components
can help identify externalities – e.g. supply chain vulnerabilities – that might need addressing through
contracts, assuming that internal impacts can be addressed through management action. This framework is
not dissimilar to other adaptation guidelines.
62.
This illustration is very high-level and simplistic. Other factors that influence good adaptation
include:






Leadership and governance;
Knowledge and expertise;
Information and data sources;
Human and financial resources;
Organisational capability for e.g. decision making.

Figure 5: UIC RailAdapt’s Adaptation Framework

Source: UIC: RailAdapt Report (2017)
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VI.

Systemic adaptation
63.
Systemic adaptation is seen as international best practice and relies upon an understanding of the
entire transport system in a “systems thinking” manner. This leads to the understanding of the complex,
interconnected system in which the transport organisation operates. The interconnected sub-systems, for a
road network, can include physical assets and other components as illustrated in Table 2:
Table 2: Road System Physical Assets
Example asset
Road pavements
Road substructures
 earthworks (cuttings, embankments)


bridges and viaducts



culverts and drains

Examples of interconnections
Running surface for vehicles
Support for pavement and means to cut
through terrain
Support for pavement and means to cross
terrain
Flood mitigation and helps integrity of
earthworks
Control of the transport system
Provides safe means to cut through and along
terrain
Flood mitigation
Flood mitigation
Safe entry and egress for maintenance staff
Revenue generation
Energy source
Centralised facility near to network
Back-office management etc

Signage and controls (traffic lights)
Tunnels, avalanche shelters
Pumping stations
Flood levees
Access points
Toll stations
Fuelling depots
Maintenance depots
Administration offices

64.
Other road network sub-system components can include the following – these are not physical
assets but are activities and services vital to the effective functioning of the system:













Policies, strategies and plans for asset management;
Research activities;
Communication systems:
o Office to site/ mobile staff;
o Data processing;
o Traffic monitoring.
Weather forecasting services;
Weather monitoring services;
Plant (e.g. pump) monitoring systems;
Maintenance contracts;
Financial and economics activities e.g. tolling;
Suppliers of materials;
Emergency response;
Environmental management systems.
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65.
Part of the system can be thought of as external – the impact of weather, overloaded vehicles,
broken down vehicles, congestion - all can impact upon the efficacy and efficiency of the road network, as
can activities such as new works or maintenance. The above list is not an exhaustive list and is intended to
illustrate the complex nature of what, on the face of it, is a simple road network.
66.
From this road network system description, systems thinking can be used to consider the full range
of interdependencies between these interconnected sub-system components. By doing this, the road
operator can identify influences on sub-system components that impact part or all of the whole network.
Extreme weather can be forecast, for example, and measures taken to reduce or stop traffic, using control
systems, to avoid traffic entering hazardous locations – those that might be flooded or affected by strong
winds. Managers can effectively set boundaries – limits – on what they can influence over what timescale,
and what climate and weather hazards need adaptation measures now or in the future.
67.
Policy for adaptation and resilience-building can be considered as a systemic issue. Simple policy
changes can be made to effect economically optimum building of resilience and adaptation. Network Rail,
the UK rail infrastructure operator, has a policy of ‘build back better’ where infrastructure is compromised
or affected be extreme weather. In practice this means that e.g. earthworks and bridges, are rebuilt stronger
than they were, if damaged by flooding. In long-life transport infrastructure, life cycles demand that major
components are replaced or refurbished over a decades-long cycle. For existing transport infrastructure, this
can mean bridge decks or road pavements are being replaced continually. Good adaptation practice means
these components are upgraded – climate-proofed - at replacement or renewal. This would be achieved
commensurate with the component’s ‘design life’ and perhaps with their actual life expectancy in mind.
Many infrastructure assets outlive their design lives through a combination of good design and detailing,
and good asset management and maintenance practices. Indeed, attention to good practice, effective, asset
management as set out in the standard ISO 55000 Asset Management27 and its supporting documents can
lead to extended asset life avoiding wholesale investment in replacement structures or components.
68.
This is a simplistic view and complex transport systems might require these steps many times over
to cover infrastructure systems in adequate detail.

A. Leadership, governance
69.
Transport systems are complex, adaptive systems; meaning they can respond to change and can
effect change when required. This is true in any transport system. The ability of the ‘controlling minds’ of
the system operators to appreciate the many issues and influences on the effective and efficient transport of
passengers and freight, will have a bearing upon the capability of the system to react to climate or disaster
impacts. Good practice leadership will allow decision-makers the ability to recognise climate and resilience
issues and to take action to address these through adaptation and disaster risk reduction plans, well in
advance of any impacts.
70.
The governance structure ideally would support decision-making through reporting measures
aligned to the purpose of the system (i.e. moving passengers and freight), along with well set-out
organisational roles and responsibilities, budgets, training needs assessments and training plans for building
and maintaining capacity. Processes, policies, strategies and plans would be supported by relevant technical
standards.

27

https://www.iso.org/standard/55088.html
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B. Knowledge and capacity building
71.
Transport organisations are structured to deliver safe means of transport for passengers and freight.
Knowledge about safety and current operations is usually well managed. For resilience and adaptation,
having the understanding of future risks that might affect operations is important. An organisation’s
adaptive capacity – its ability to adjust to, or respond to, potential damage – depends upon its resources –
financial, human and technical. Best practice in resilience and adaptation would include ensuring that the
organisation’s decision-makers are apprised of climate risks; have access to expertise on adaptation,
including hazards and vulnerabilities; and are able to marshal the resources necessary to assess impacts,
and form the plans necessary to deal with them.

C. Sustainability
72.
Climate change adaptation and resilience-building activities need to take into account the UN’s
SDGs, and so balance current needs with those of future generations. Organisations could be guilty of
‘maladaptation’ if adaptation and resilience measures were constructed without thought as to GHG
emissions and social equitability, for example.

D. Tools: Frameworks, International agreements, standards and other supporting
mechanisms
Pan regional agreements
73.
Mention already has been made of sector-specific guidelines, standards, international agreements,
the use of policy instruments and best practice. Other supporting mechanisms can include pan-regional
agreements where natural features might pass through many countries (e.g. the Mekong River).
Planning and development
74.
Planning rules for development (avoiding flood plains, for example) and contingency planning can
have significant positive impact on resilience and adaptation. Planning guidance has a significant influence
on resilience, being part of an enabling framework that governs what development is permitted and where.
Whilst reviewing countries’ resilience preparations for this paper, contacts tended to point towards national
or regional planning guidance, a Chinese example being the “Standard for urban residential area planning
and design”. Such guides form useful pre-development and pre-construction aide-memoires that can bring
about infrastructure resilience through, e.g.:




avoidance of exposure to hazards i.e. do not build in flood-prone or earthquake-prone zones;
reducing risks in exposed areas i.e. through resilient design for new works or retrofit to existing
works; and
forecasting and warning systems where mitigating exposure is challenging e.g. cyclone predictions
and tsunami warnings.

75.
Planning guidance can be very variable between territories in terms of the resilience offered. For
organizations wishing to ensure resilience beyond the requirements of local planning, a benchmarking
exercise can be useful, between international standards and local standards to gauge which framework
offers the greatest resilience.
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Building to higher specifications
76.
In terms of resilience, it is sometimes a challenge to see a ‘line of sight’ (see ISO 55000 Asset
management) from policy or strategic intentions to build resilient infrastructure, to seeing the evidence of
resilience in the finished product. This can often be a result of deficiencies in technical specifications that
do not address future climate or natural hazard risks and vulnerabilities over the lifetime of an infrastructure
project. However, as adherence to standards aims to bring about a minimum level of performance (e.g. of
safety), such inconsistencies can be attended to by specifying higher levels of performance whilst still being
compliant with the standard(s). This is an important premise worthy of consideration, along with the usual
‘push back’ from clients that such an approach is ‘too expensive’ (the author considers ‘expensive’ as being
a subjective term used by those keen to see a lowest first cost for a project, rather than lowest whole life or
life-cycle costs).
Managed adaptive approach
77.
Structural and other infrastructure design codes are mostly based upon the past climate. Standards
– and there are many - based on climate conditions more than 20 years ago no longer be fit for purpose for
current, let alone the future climate. Standards are only just beginning to be updated to consider the future
climate.
78.
One challenge in using current design codes is the concept of ‘design life’, where for transport
infrastructure, designs are required to remain functional through decades of service. Where climate
considerations are made, there are uncertainties in climate projections and also for other natural hazards.
This leads to a reluctance in designers to design for a wide range of future probable hazard events. However,
clients can specify more realistic climate and resilience design criteria. One strategy is that of building
infrastructure that can be adapted in the future. This is called a ‘managed adaptive approach’ using adaptive
pathways. The best example of this is the UK’s TE2100 programme28 for the tidal defences of London and
its environs. The approach has also been widely used in Asia e.g. managing climate risks in Asian delta
regions such as Mekong, Irrawaddy and Ganges.
Combined mechanisms
79.
Opportunity exists for linking planning policy, standards and guidelines at appropriate stages
throughout the life cycle of transport infrastructure, which is more effective from the very earliest of stages.
Organisational leadership has considerable leverage when determining policy, and can adopt a ‘line of
sight’ concept so that what is seen as necessary at the outset of a discussion about the resilience of a project
or existing set of infrastructure translates to fruition at all stages towards and after delivery of the project.

VII.

Conclusions and recommendations
80.
Greenhouse gas emissions from fossil fuel combustion are increasing, owing to investment in highcarbon infrastructure and increasing worldwide demand for energy and transport. Transport in particular is
responsible for approximately a quarter of world energy related GHG emissions.
81.
Recent extreme weather events and the slow onset rise in sea levels demonstrate an urgency to
make society resilient to the future, and current, climate. Population growth and demographic changes mean
that in 30 years’ time, 70% of the world’s population will live in large urban areas. Reliable, resilient
28

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/322061/LIT7
540_43858f.pdf
21

transport services are – and will be- a key part of the urban and wider supply chain; the means to move
people and freight in order to sustain trade, development and society in general by bringing food and
materials to these areas.
82.
On vulnerability, the Asia-Pacific region is more susceptible to the impacts of climate change than
rest of world due to coastlines and rising sea levels, increased frequency and intensity of extreme storm
surges and waves. Also, droughts and/or river floods and increased temperatures, as well as extreme
temperature variability are increasingly causing damage and disruption to transport systems. Impacts that
are being experienced and are projected to become more frequent include port and coastal road inundation/
submersion, access restrictions, deterioration of the condition and structural integrity of road pavements,
and the rapid failure of bridges and railway tracks.
83.
This has corresponding implications not only for the viability of freight transport but, importantly,
for populations whose access to mobility becomes increasingly compromised, thus limiting access to jobs,
healthcare and other basic services.
84.
A conclusion is that traditional thinking around transport policies and planning need to be
reassessed, and to be effective, policies, strategies and plans need to be aligned with a clear “line of sight”
between the policy aims and delivery ‘on the ground’.
85.
These considerations necessitate policy changes that promote systemic adaptation measures, to
reduce vulnerabilities and increase the resilience of transport systems to climatic impacts. But transport is
part of a wider infrastructure system. Transport depends upon many other systems in order to function. For
instance, rail transport depends upon road networks for freight distribution and maintenance activity.
86.
The supply chain is an important system component in that the sub-systems described will all
depend on to some degree for the supply of fuel, energy and communications, even personnel. Should these
sub-systems become disrupted, then the port (or other transport system) will not function efficiently and
might fail in its purpose - to act as a conduit for freight and passengers.
87.
Research and practice show that the cost of early adaptation to future climate can bring four times
the benefit in time; whilst adaptation measures are very context specific, there can be a triple-dividend
across the economy, society and the environment. With population growth and increasing urbanisation, this
presents an opportunity to build new the climate- and disaster-resilient infrastructure as will be needed.
Futureproof design and maintenance specifications will be needed to support such policies.
88.
How is adaptation and resilience-building carried out? Impact and risk assessments are good first
steps, but adaptation needs much more. Other factors that influence good adaptation include:







Leadership and governance;
Knowledge and expertise;
Information and data sources;
Futureproof standards;
Human and financial resources;
Organisational capability for e.g. decision making.

89.
Again, a systemic approach can bring about best practice adaptation. Without joined-up thinking
across leadership, policies, strategies, knowledge, data, capacity, future orientation, investment, the
delivery of resilient, adapted transport infrastructure will be a challenge. It’s not enough to carry out just a
risk assessment as many do.
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90.
ISO 14090 Adaptation to climate change – Principles, requirements and guidelines provides a
framework that transport – and other – organizations can use to develop adaptation plans that become
embedded in policies, strategies and plans. Sector guidelines as produced by PIARC, PIANC and UIC
follow good practice themes and are tailored for the transport sector. These documents all offer structured
ways to develop adaptation plans and build resilience. From all this, three key themes that need early actions
are:






Address knowledge and capacity development needs; building this capability in the Asia-Pacific
region would be a fundamental early step to the better understanding of the benefits of a systemic
approach to resilience and adaptation in transport;
Review policies, strategies and plans to ensure that there is “line of sight” right down to
implementation ‘on the ground’; this is so that decision makers have the confidence that their
decisions are in the correct policy context, and that feedback and learning inform current and future
plans. Design specifications ought to be changed under this theme;
Review economics rules that mitigate against longer-term resilient and adaptation decisions. The
“triple dividend” concept is more appropriate for building climate resilience than short term
payback periods and with high discount rates. This theme can be used effectively alongside staged,
adaptive management approaches for infrastructure.
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