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 I. Background 

1. At its twenty-fourth session, the Group of Experts on Assessment of Climate Change 

Impacts and Adaptation for Inland Transport (GE.3) reviewed and provided comments on 

the draft guidance on adaption pathways in the transport sector prepared by a group of 

volunteers who engaged in the intersessional work to elaborate the guidance.  

2. In response to comments received, two documents have been prepared for 

consideration by GE.3. This document, as second of the two documents, provides the draft 

framework for developing adaptation pathways for transport professionals.  

3. The main author of this document is Dr. S.A. Hashmi, University of Birmingham. 

Substantive inputs were provided by Dr. E Ferranti and Prof A. Quinn, University of 

Birmingham, T. Popescu, Directorate General for Infrastructure, Transport and Mobility of 

France and GE.3’s Vice-Chair, C. Evans, PIARC, R. Burbidge, Eurocontrol and L. Wyrowski 

(United Nations Economic Commission for Europe (ECE) secretariat).  

4. GE.3 is invited to review it. 

 II.  Framework for developing adaptation pathways for 
transport professionals 

5. This section provides and discusses an adaptation pathways framework (as shown in 

Figure I) suited for use by transport infrastructure owners, managers and operators to 

structure short- medium- and long-term climate preparedness planning.  

6. An effective adaptation planning begins with the identification and prioritisation of 

options based on the risks/vulnerabilities identified by the climate change risk assessment 

and builds on chosen scenarios that reflect the projections on climate change and address 
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stakeholder concerns and issues. The development of adaptation pathways will often involve 

a mix of approaches, mainly depending on the scales and complexities of the set goals and 

objectives and thus may require multiple iterations. The two deciding factors when selecting 

a mix of approaches will be the degree of certainty of present information and knowledge 

and the agreement on goals within the transport sector [30]. Depending on the specific 

circumstances, the mix of approaches may include: 

• Flexible and learning approaches: These approaches emphasise continuous learning 

and adaptation as new information and knowledge about climate impacts become 

available. It involves regularly revisiting and updating adaptation plans based on 

emerging data, monitoring the effectiveness of measures, and being responsive to 

changing climate conditions. 

• Scenario-based approaches: Scenario planning is used to explore a range of potential 

future climate scenarios. By considering different possible futures, decision-makers 

can identify adaptation options that are robust across multiple scenarios. This 

approach allows for greater flexibility in response to uncertain climate projections. 

• Incremental approaches: These involve making gradual adjustments and 

improvements to existing transportation infrastructure and operations to enhance 

climate resilience. Incremental approaches may include measures such as reinforcing 

coastal defences, elevating roads in flood-prone areas, or improving drainage systems. 

• Transformational approaches: Transformational approaches involve more 

fundamental changes to transportation systems, often driven by the need to adapt to 

significant climate risks. For example, in regions where climate change is causing 

increased instances of landslides and erosion along railway tracks, if a particular 

stretch of railway track is repeatedly affected by landslides due to changing 

precipitation patterns, the rail company could decide to relocate that section to higher 

ground or reinforce the area to prevent future disruptions.  

• Stakeholder engagement: Stakeholder engagement is a crucial approach that involves 

involving diverse stakeholders, including local communities, businesses, NGOs, and 

policymakers, in the adaptation planning process. Engaging stakeholders ensures that 

adaptation pathways are inclusive, consider different perspectives, and address 

diverse concerns and priorities. 

7. Potential tipping, turning and trigger points should be identified based on the current 

situation and possible futures analyses (see section on Identifying critical decision points 

below). Also, the aim should be focused on identifying alternative options to achieve 

objectives (see section on Considering interdependencies and determining alternative 

adaptation options below) so that stakeholders in the transport sector can justify, prioritise 

and implement actions that take climate change and associated changes in economic, socio-

political, knowledge, values and ecosystems into consideration. It must be noted that any 

potential adaptation option should be assessed in terms of its robustness and flexibility with 

respect to the range of potential futures expected (see section on Evaluating pathway options 

below).  

8. Additionally, in the adaptation planning process and the development of adaptation 

pathways, consideration of the geographic scale at which adaptation responses are needed is 

very important. For example, the geographic scale on which pathways are formulated can 

range from a small coastal stretch to perhaps a large delta area with different land uses and 

drivers of change. Also, the geographic scale can also help determine the relevant 

stakeholders and sectors that might be included in the development process, which then 

further determines the generation of options. One case study demonstrated that a mismatch 

between geographic and institutional scales resulted in fuzzy thresholds, a large array of 

options and unclear institutional responsibilities [31]. Another important consideration 

involves capacity building through developing and sharing information, resources and 

decision-making tools for adaptation measures; community sharing and understanding on the 

need to adapt, and collaborating with the community to achieve agreed responses [32]. 
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  Guiding steps to develop adaptation pathways for transport 

professionals 

9. To develop adaptation pathways, there is a certain expected level of knowledge and 

understanding that is needed from transport infrastructure professionals and is discussed in 

ECE/TRANS/WP.5/GE.3/2023/1. This is important to fully comprehend the guidance and 

thereafter implement it. This section elaborates the steps 4 and 5 shown in the figure in 

ECE/TRANS/WP.5/GE.3/2023/1. For any particular goal or objective, the development of 

adaptation pathways is expected to broadly follow the following steps: 

(a) Reviewing vulnerabilities and interdependencies 

(b) Identifying critical decision points 

(c) Considering interdependencies and determining alternative adaptation options 

(d) Evaluating pathway options 

(e) Developing possible timelines 

(f) Finalising and visualising adaptation pathways 

(g) Implementing, monitoring and learning 

Figure I 

Steps for developing adaptation pathways for transport infrastructure owners and managers as 

well as other transport professionals.  
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 1. Reviewing vulnerabilities and interdependencies 

10. The development of adaptation pathways commences by the identification of what is 

presently being done to manage systems and issues related to the particular objective. 

Ongoing practices are usually in place for particular weather events and climate patterns, 

depending on the current and historical times. These practices have existing management 

strategies which have their own strengths and vulnerabilities. Over here, this step entails 

reviewing and revisiting the vulnerability analysis of key infrastructures to understand about 

the existing vulnerabilities (i.e. reviewing step 2 of the prerequisites) and to determine 

thresholds which can help identify additional actions that may be needed to address the 

objectives within existing constraints [Error! Reference source not found.]. Looking at the 

current or baseline capabilities (i.e. assessing the technical and the institutional capabilities 

for responding to climate and extreme weather) is an important step which must be carried 

out prior to seeking improvements in those capabilities.  

11. Understanding of the current situation and possible futures should be used to further 

determine management actions that may lead to reducing the vulnerabilities and/or increasing 

the adaptability for the individual assets. Evidence-based, robust, ‘no-regret’ options should 

be identified here as it can enable organisations to implement short-term adaptation actions 

and commence the adaptation process, instead of waiting and analysing the situation [23].  

12. Also, investigating previous vulnerabilities can mark a suitable starting point for 

addressing future vulnerabilities. Indeed, this step also requires to review the analysis of 

future vulnerabilities, performed as part of step 3 of the prerequisites. The objective is to use 

the already performed vulnerability analysis and/or the stress tests to identify thresholds of 

impacts at which the transport system operates significantly differently. This step could help 

determine and assess the key thresholds of climate impacts for the transport system, based 

on the known existing and future vulnerabilities with regards to those impacts (for example, 

in the case of sea level rise, a certain level of rise may lead to increased risks of flooding or 

damage to coastal embankments).  

13. Furthermore, interdependencies can also be important vulnerabilities when it comes 

to climate change adaptation. In the context of adaptation planning for transport 

infrastructures, interdependencies refer to the connections and interactions between different 

systems, sectors, or infrastructure networks that can influence their resilience to climate 

change impacts. Interdependencies can create vulnerabilities in several ways: 

• Cascading effects: Climate change impacts on one sector or system can have 

cascading effects on interconnected sectors or systems. For example, a port is often 

well-connected to its hinterland through a network of roads, railroads, and other 

transportation infrastructure. However, an extreme weather event can cause 

significant damage to the transportation systems connecting the port to its hinterland. 

This includes disruptions to transportation networks, impacts on supply chain, 

economic consequences, unutilised port capacity, and other short-term and long-term 

challenges 

• Critical dependencies: Some sectors or systems may have critical dependencies on 

others. If a critical dependency is compromised due to climate change impacts, it can 

significantly impact the dependent system. For example, energy infrastructure relies 

on transportation systems for the delivery of fuel, and disruptions in transportation 

can affect energy supply. 

• Cross-sectoral interdependencies: Interdependencies can exist between sectors that 

have shared resources or depend on common infrastructure. For instance, public 

transportation systems rely on energy sources to operate. If the energy supply is 

disrupted due to climate-related events, such as storms damaging power infrastructure 

or heatwaves affecting energy generation, public transport services could be 

interrupted. 

14. Interdependencies in the context of adaptation planning for the transport infrastructure 

sector should be considered in a much broader way, encompassing not only other drivers 

within the transportation system but also with other societal, economic, and ecological goals, 

including those related to mitigation efforts. These broader interdependencies play a vital 
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role in shaping effective and sustainable adaptation strategies [4]. Transport infrastructure 

owners and managers must identify and understand the critical interdependencies between 

their infrastructure and other infrastructure networks (for instance the interdependencies 

between energy supply and road transport), as this will be crucial for continuing work on 

climate change adaptation planning. This includes the consideration of potential cascading 

failures between interlinked natural and socioeconomic systems and sub-systems. For 

example, a period of prolonged and widespread severe weather can affect the transport 

network which may then have an impact on the availability of and access for transport 

personnel (such as lorry drivers), compromising vessel loading and unloading efficiency, and 

creating a backlog that ultimately affects the wider supply chain. Alternatively, a power 

outage may affect the safety and function of the transport operations and services. Also, 

transport departments not expected to suffer from a particular climate risk can also be 

expected to suffer at some point due to interdependencies and therefore indirect impacts. 

Thus, the transport sector must be fully resilient to climate change and including the 

interdependencies element in climate adaptation planning and developing adaptation 

pathways can be a key entry point for a more holistic approach to enhancing resilience. 

Additionally, along with climate and cross-sectoral interdependencies, transport 

professionals could also assess the socio-economic, environmental, technological and 

engineering, governance and institutional and financial interdependencies. 

Guiding and learning questions for transport professionals for reviewing 

vulnerabilities. 

 

 2. Identifying critical decision points 

15. Adaptation pathways begin with current management options. These management 

options can be affected by the potential implications of climate change. Such implications 

for both the system being managed and current management options inform where decisions 

should be made. Existing management options can be considered in a range of possible 

futures, which then helps in addressing the next step. Through combination of information 

from the current situation and future analyses, it becomes possible to identify probable 

thresholds or tipping points and turning points for adaptation options [30]. Those thresholds 

are defined through indicators which enable monitoring risk levels. Indeed, the thresholds 

need to be associated to the levels of risk used to define the adaptation objectives [26]. Each 

risk level can then be quantified based on those thresholds. 

16. In adaptation planning, the idea of thresholds is quite common, however requires 

special efforts to apply. For transport professionals, the concepts of thresholds are relevant 

in understanding when managers need to change from one response option to another. 

Thresholds can be defined as points at which a system starts to operate in a significantly 

different manner. In the transport sector, a threshold can be defined as a set of climate 

conditions under which a part of the transport system is no longer effective, either in terms 

of economic, environmental, physical or social aspects. Thus, at that point, a further 

adaptation measure is needed. For instance, due to a certain threshold level of windspeeds, 

traffic for heavy-duty trucks at a bridge may be required to be stopped to prevent the 

How can the existing vulnerability 
assessment be used to identify thresholds 
of impacts at which the transport system 

is significantly affected (or the 
vulnerability is significantly increased)?  

What is currently being done, and what 
else could be done, to produce specific 
outcomes under the present conditions?
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destruction of the bridge. In such a case, if alternate routes are possible, an example of an 

adaptation option would be to divert truck traffic. Furthermore, in extreme cases, such as at 

a much higher threshold level of windspeed, the bridge infrastructure may be damaged and 

thus in such a scenario, adaptation of the physical infrastructure to secure serviceability will 

be needed [13].  

17. Trigger points mark the beginning of necessary lead time for an action before reaching 

a tipping or turning point. In adaptation planning for transportation systems, trigger points 

are specific indicators or thresholds that serve as signals to initiate adaptation actions or 

strategies. They help decision-makers identify when it is necessary to implement proactive 

measures to address the impacts of climate change on transportation systems. 

18. Trigger points account for how long a decision to adapt takes to be made and 

implemented. The latter originates from the next stages of identifying alternative options. 

Trigger points are a crucial element in the development of adaptation pathways approach, 

allowing for plans to be anticipatory and strategic. Also, in the transport sector, triggers for 

adaptive action can be influenced by events or thresholds in different parts of the system, 

even if the direct impact is not immediately evident. For example, a threshold reached in one 

segment of the transport system, such as a critical road being inundated due to sea-level rise, 

can serve as a trigger for adaptive actions in other parts of the system, such as diverting traffic 

or implementing alternative transportation routes. Identifying and recognising these 

interconnected triggers is essential for a holistic and integrated approach to adaptation 

planning in the transport sector. Understanding how impacts in one area can cascade to affect 

other parts of the transport system allows decision-makers to develop comprehensive 

adaptation pathways that account for system-wide resilience and efficiency [13, 30]. Positive 

trigger points can also be identified for possible opportunities such as: political will and 

readiness of additional funds.  

19. Triggers may occur without a threshold being reached and should be easily monitored 

to enable prompt action. It must be noted that thresholds and triggers have different meanings. 

For instance, at a particular location, an increase in sea level may indicate a large storm which 

can possibly destroy infrastructure.  In such a case, even if this has not occurred in reality, a 

threshold would be the actual failure of the infrastructure involved, leading to a disruption of 

the functions of the infrastructure. The trigger in this example is the rise in sea level reaching 

a point at which a decision needs to be made [14]. For example, if an asset becomes 

vulnerable when mean sea level has risen by 0.50m, a trigger level of 0.45m of sea level rise 

may provide enough notice to start implementing relevant adaptation measures. It must be 

noted that preventive adaptation actions can be taken at trigger points, providing early 

warning indicators for approaching critical environmental conditions. While some adaptation 

actions at threshold stages may be curative, it is essential to also implement additional 

preventive measures to build resilience and reduce future risks. A combination of preventive 

and curative actions is often more effective in adaptation planning, with preventive measures 

at trigger points to minimise damages and disruptions, curative actions addressing immediate 

challenges, and long-term adaptation actions enhancing resilience against future events. 

20. Trigger points can be based on various factors, including climate variables, 

infrastructure conditions, and operational considerations. For example: 

(a) Climate Variables: 

• Thresholds for extreme weather events - Establishing trigger points based on specific 

thresholds of climate variables such as heavy rainfall, wind speed, or temperature 

extremes can help trigger actions to reinforce infrastructure, enhance drainage 

systems, or implement emergency response plans. 

• Sea-level rise thresholds - Defining trigger points based on projected sea-level rise 

can help determine when protective measures like elevating roads or implementing 

coastal defences need to be implemented. 

(b) Infrastructure Conditions: 

• Structural degradation - Setting trigger points based on the deterioration or damage of 

infrastructure elements such as bridges, culverts, or pavements can prompt repair or 
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replacement actions to ensure the continued functionality and safety of transport 

systems. 

• Monitoring critical assets - Implementing monitoring systems for critical 

transportation assets, such as bridge foundations or slope stability, and establishing 

trigger points based on pre-defined performance criteria can help detect early signs of 

potential failure and initiate timely interventions. 

Guiding and learning questions for transport professionals in identifying critical decision points. 

 

21. Overall, it must be remembered that refining trigger points is a natural part of the 

adaptive planning process. It ensures that adaptation pathways remain dynamic, flexible, and 

responsive to changing circumstances, providing a more effective and sustainable approach 

to climate change adaptation. As new information and experiences emerge along with the 

identification of adaptation options, decision-makers can adjust trigger points to maximise 

the benefits of proactive and timely adaptive actions. 

22. Adaptation Turning points indicate situations in which a social-political threshold is 

reached. This may be due to changes in climate, social values and interests or policy 

objectives [Error! Reference source not found.]. In adaptation planning, turning points 

refer to critical moments or junctures where significant changes or shifts occur in the 

approach to managing climate change impacts. These turning points represent opportunities 

for decision-makers to reassess their strategies, update their actions, and make more informed 

choices in response to new information, emerging risks, or changing circumstances. These 

may occur due to new scientific information, crisis or catastrophic events, policy and 

regulatory changes, technological advancements, shifts in public awareness and perception, 

learning from monitoring and evaluation, changing socioeconomic conditions and 

international agreements and commitments. 

23. For transport infrastructure owners and operators, turning points refer to critical 

moments or key events that prompt significant changes in the approach to managing the 

impacts of climate change on transportation systems. These turning points may arise due to 

various factors and can influence decisions and actions taken by infrastructure owners and 

operators to enhance the resilience and sustainability of their assets and services. A few 

examples of these include [Error! Reference source not found., Error! Reference source 

not found.]: 

• Extreme Weather Events: A severe weather event, such as a hurricane, flood, or 

wildfire, can act as a turning point for infrastructure owners and operators. The 

damage and disruption caused by such events may lead to a reassessment of 

vulnerability, prompting the adoption of more resilient construction practices and 

improved emergency response plans. 

• Infrastructure failure or deterioration: When critical transport infrastructure 

experiences significant failures or deterioration due to climate impacts, it becomes a 

turning point. This could trigger the need for immediate repairs, replacement, or 

redesign to withstand future climate stresses. 

• New climate projections or risk assessments: Updated climate projections or risk 

assessments may reveal higher levels of climate-related risks than previously 

How to identify what decision points 
would be most important and what 

tipping points would trigger the next 
phases of the adaptation pathway?

What is needed to enable the transitional 
or transformational action?
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anticipated. This new information can prompt infrastructure owners and operators to 

adjust their adaptation strategies accordingly. 

• Funding opportunities or budget constraints: A significant increase in funding 

opportunities for climate adaptation or budget constraints that limit traditional 

maintenance and construction can lead to turning points in prioritising and allocating 

resources to climate resilience measures. 

• Regulatory changes and compliance requirements: New regulations or compliance 

requirements related to climate resilience can serve as turning points. Infrastructure 

owners and operators may need to align their operations with these regulations, 

influencing the scope and timing of adaptation planning. 

• Technological innovations: Advancements in technology for climate adaptation, such 

as improved forecasting tools, monitoring systems, or construction materials, can be 

turning points that drive more effective and efficient adaptation strategies. 

• Community engagement and feedback: Input from local communities and 

stakeholders can act as turning points, as it may reveal previously unrecognized 

vulnerabilities and inform the development of more inclusive and community-driven 

adaptation plans. 

• Business continuity concerns: The realisation that climate impacts could disrupt 

business continuity or supply chains can be a turning point, leading infrastructure 

owners and operators to invest in adaptation measures to safeguard operations and 

economic viability. 

• Changing land use patterns: Changes in land use patterns due to urbanization or 

population growth can influence the demand for transportation infrastructure. This 

may prompt infrastructure owners and operators to reconsider future expansion plans 

and incorporate climate resilience into new projects. 

24. Adaptation Tipping points identify thresholds where magnitude of change because of 

climate change consequences (such as flooding events) exceeds the present capabilities of 

the management strategies to meet current objectives. Thus, with the identification of tipping 

points, it is possible to understand whether and when a management strategy may fail and 

other strategies will be needed. Also, with adaptation tipping points, it becomes possible to 

understand how much climate change the system can cope with using current practices [30].  

25. In the context of adaptation planning for transportation systems, tipping points refer 

to critical thresholds or situations beyond which the impacts of climate change on 

transportation systems become so severe that traditional adaptation measures may no longer 

be sufficient or feasible. These tipping points can result in abrupt and irreversible changes in 

transportation infrastructure, operations, and mobility patterns, making it challenging for the 

transportation sector to function effectively and meet the needs of society. 

26. Some examples of potential tipping points in adaptation planning for transport 

include: 

• Sea-level rise and coastal erosion: For coastal regions, sea-level rise and coastal 

erosion can lead to the inundation or damage of transportation infrastructure such as 

roads, bridges, and ports. At a certain point, maintenance and repairs might become 

too costly or impractical, and relocation or major redesign of transportation networks 

may be necessary.  

• Extreme Weather Events: More frequent and intense extreme weather events, such as 

hurricanes, floods, and wildfires, can cause significant damage to transportation 

infrastructure and disrupt travel. If the frequency and severity of such events surpass 

manageable levels, adaptation measures like reinforcing structures and creating 

alternative routes might no longer be adequate and thus in some cases the need for 

potential relocation of critical transportation assets and infrastructure may arise. 

• Heatwaves and temperature Extremes: Prolonged heatwaves can lead to pavement 

buckling, railway track deformation, and increased stress on transportation assets. If 

extreme temperatures become more frequent or reach intolerable levels, it may be 



ECE/TRANS/WP.5/GE.3/2023/2 

 9 

necessary to redesign infrastructure to withstand higher temperatures or explore 

alternative transportation modes. 

• Disruption of supply chains: Climate change impacts can disrupt supply chains, 

affecting the availability and cost of materials needed for transportation infrastructure 

maintenance and repair. At a certain point, it might become difficult to maintain 

reliable transportation services, especially in remote or vulnerable regions. 

• Loss of access to critical routes: Some transportation routes may become inaccessible 

due to changing conditions, such as landslides, melting permafrost, or glacial retreat. 

If these routes serve as vital lifelines for communities or crucial trade corridors, 

alternative solutions and investments in new infrastructure may be required. 

27. An example of identifying adaptation tipping points in the context of coastal defences 

for vulnerable coastal transport infrastructure was made by determining the level of sea-level 

rise at which the defence is no longer able to meet its defined performance threshold [Error! 

Reference source not found.]. In terms of transport infrastructures, weather-proofing these 

may need a high initial investment, however, over the longer-term this is a necessary step in 

order to prevent the escalating costs or even expensive retrofitting. In such cases, it is vital to 

identify the tipping point at which the cost of additional adaptation becomes disproportionate 

to the added benefits achieved [Error! Reference source not found.]. Overall, potential 

tipping points for transport infrastructure and assets can be identified through conditions 

under which: 

(a) Action(s) may no longer be effective, 

(b) Asset or system thresholds might be reached, and 

(c) Asset or system might change (probably due to climate changes). 

 3. Considering interdependencies and determining alternative adaptation options 

28. In the development of any adaptation pathways, one important step is the 

identification and consideration of alternative adaptation measures and thereafter adaptation 

options to help address the objectives defined relatively to different risk levels. For each 

adaptation measure identified, it is important to determine to which adaptation goal it leads. 

A same action can lead to several adaptation goals, or only one or some of them [26]. Also, 

to identify adequate adaptation measures, an important element to consider once again is the 

interdependencies (as discussed in section 1).  

29. Knowledge of the critical decision points (as discussed in section 2) is used to 

recognise what options can be useful in avoiding, limiting, or removing the climate change 

impacts as well as other environmental, economic and socio-political factors. These actions 

need to be reviewed in order to determine what triggers could make them necessary and to 

also examine if they are robust across possible futures (see section 4. about the evaluation of 

adaptation actions). It is understood that identifying new or alternative options can be a 

challenging task and thus it is best to have a diverse, creative and constructive participation 

and collaboration to raise, discuss and consider unusual elements [30]. Thus, the guiding 

questions for transport professionals to think here are: How does an option contribute to 

achieving the objectives or goals? and what are the roles of the relevant stakeholders, 

including transport sector organisations? 

30. Based on IPCC's Fifth Assessment Report (AR5), adaptation measures can be 

categorised into three broad categories based on their nature and focus [36]. These categories 

are: 

(a) Physical measures: Physical adaptation measures refer to actions that involve 

changes to the physical environment, structures, or technologies to reduce vulnerability and 

enhance resilience to climate change impacts. They can include: 

(i) Structural measures: These involve the construction or modification of 

physical infrastructure to withstand climate-related hazards. Examples include 

building sea walls, flood barriers, coastal dunes, and water management 

infrastructure. 
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(ii) Technological measures: These involve the development and implementation 

of new technologies or the application of existing technologies to improve resilience. 

Examples include advanced weather forecasting systems, early warning systems, 

irrigation systems, and climate-resistant crop varieties. 

(b) Social measures: Social adaptation measures focus on behavioural, 

operational, and societal changes to reduce vulnerability and increase resilience to climate 

change. These measures can include: 

(i) Behavioural changes: These involve individual or community-level actions 

and adjustments to reduce exposure and enhance adaptive capacity. Examples include 

changing consumption patterns, altering agricultural practices, and implementing 

water conservation measures. 

(ii) Operational changes: These involve modifications in the way organizations or 

institutions operate to adapt to climate change. It can include changes in management 

practices, diversifying income sources, or modifying land-use practices. 

(c) Institutional measures: Institutional adaptation measures encompass changes 

in policies, laws, governance systems, and economic instruments to support adaptation 

efforts. These measures can include: 

(i) Policy and regulatory changes: These involve developing and implementing 

policies and regulations that promote adaptation, integrate climate considerations into 

planning processes, and enhance coordination among relevant stakeholders. 

(ii) Economic measures: These include financial mechanisms, incentives, and 

economic instruments that encourage and support adaptation actions. Examples 

include climate change insurance, funding programs for adaptation projects, and 

pricing mechanisms that internalize the costs of climate change impacts. 

31. It can be useful to identify to which of those categories the identified action belongs, 

and to seek actions from various categories in order to ensure various adaptation pathways 

possibilities. It is also advised to define whether an adaptation action is an adjustment (for 

instance, a modification of a current infrastructure, using a road paving more resilient to 

heavy rains) or a transformation action (for instance, relocating an infrastructure threatened 

by rising sea levels). 

32. Furthermore, this guide recommends transport professionals to make use of various 

useful resources such as the WEATHER [37], EWENT [38], MOWE IT [39] and SIRMA 

[40] project deliverables as well as online databases such as Copernicus [41] and The 

European Climate Adaptation Platform Climate-ADAPT [42] to explore what adaptation 

measures and options are currently being used in the transport sector. In addition, there are 

various sectoral guides that specifically focus on climate change adaptation in the transport 

sector such as the Transport Research Laboratory (TRL)'s "Climate Change Adaptation for 

the Road Network: Technical Advice Note and the CEDR's "Climate Change Adaptation in 

the Road Sector - A Synthesis of National Practice".  

33. Moreover, according to PIARC [43], adaptation measures for the road transport sector 

can be listed as: 

• Infrastructure related hard measures (e.g. barrier walls for protection from erosion, 

levees, alternative surfacing), and also involve the use of soft measures (e.g. creation 

of wetlands, barrier islands, green infrastructure to cope with high precipitation 

events); 

• Traffic hazard/incident management measures such as establishing well-prepared 

command and management structures, providing appropriate information systems or 

training personnel for managing catastrophes, early warning systems or traffic re-

routing;  

• Maintenance measures for periodic, routine or self-restoration; 

• Strategic and network planning measures e.g. amendments to regulations or standards, 

legal frameworks. 
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Guiding and learning questions for transport professionals in considering interdependencies and 

identifying alternative adaptation options. 

 

 4. Evaluating pathway options 

34. As with all transportation budgeting processes and any planning process, it may not 

be possible for departments of transportations to fund their entire preferred list of adaptation 

strategies. There may also be several adaptation options available to achieve the same goal, 

between which a transport manager or operator will have to choose. Therefore, in order to 

narrow potential options, it is useful to utilise a systematic evaluation process. The following 

criteria or questions may prove useful as a starting point for evaluating and selecting 

adaptation measures [28, 30] in adaptation pathways. 

How does an option/action contribute to 
achieving the objectives or goals?

What are the roles of the relevant 
stakeholders, including transport sector 

organisations?

How to best combine activities varying 
from physical interventions to capacity-
building and governance arrangements 
into the development of pathways to 

create and support the transformational 
changes needed?

What steps are being considered 
currently to address the critical and 

important areas of decision-making?

How does the potential climate change 
or extreme weather impacts on a 

transport infrastructure affect other 
sectors or assets in the region? (i.e. same 
transport mode, different transport mode, 

energy transport or distribution, 
telecommunications and other relevant 

sectors)?

Will climate change influence the 
success of measures being considered to 
address key areas of decision-making? If 

yes, which aspects of the changing 
climate are important and how long witll 

the current practices remain successul 
for? 
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Guiding and learning questions for transport professionals in evaluating and selecting adaptation 

measures. 

 

35. Potential options need to be evaluated for costs, benefits, technical and political 

feasibilities, flexibility, sustainability (environmental benefits, contribution to climate 

mitigation, increasing the adaptability of other sectors/transport infrastructure), efficacy, 

social acceptability and the ability to avoid maladaptation [4, 26]. This can be done through 

a multi-criteria analysis, using different weights for the different criteria. For instance, a 

higher weight could be used for the cost-benefit criterion in order to prioritise the measures 

with the smallest overall cost. The idea is to determine what methodology and what effort 

Costs and Benefits – What are the up-
front costs of implementation and the 
ongoing operations and maintenance 

costs? If implemented, what is the value 
of the damages from climate change that 

would be avoided?
Will there be any co-benefits (such as 
biodiversity gain, climate mitigation, 

etc.)?

Technical and Political Feasibility –
How practical it is for a particular 

strategy to be implemented, accounting 
for engineering, policy, legal, and 

insurance considerations?

Flexibility – How easy would it be to 
revise the strategy at a later date? What is 
the adaptive management potential of the 

strategy?

Sustainability – What are the impacts to 
the economy, society, and the 

environment?

What are the synergies with other actors 
(does the action improve the adaptive 

capacity of other sectors?)?

What are the climate mitigation 
contributions?

Efficacy – if implemented, to what extent 
would the strategy reduce the risk?

Will the strategy make sure it does not 
put new constraints on physical, socio-
political, financial, or social systems? 

Maladaptation – Will the strategy ensure 
that it does not create a 'dead-end' by 

impacts on other assets and 
infrastructures (including stranded assets) 

or by having negative impacts on 
mitigation of climate change or on the 

environment ?

Social acceptability – What is the 
outcome of a collective judgment or 

collective opinion regarding the strategy?
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level would suit best to the needs of the organisation. Along with considering cost-benefit 

analysis and multi-criteria analysis, this may also include participation, modelling and co-

creation with potential stakeholders [4].  

36. In terms of co-benefits of adapting, it is very important that transport departments 

identify and account for the possible benefits as well as co-benefits of integrating particular 

adaptation strategies into the management of transportation systems and operations 

programs. Usually, a qualitative assessment of co-benefits helps in identifying win-win 

strategies that can enhance resilience to climate change along with assisting in achieving 

other program objectives, like mitigation of climate change for instance. Typically, it is also 

easier to acquire support for funding such types of solutions as they can achieve several goals. 

One common example here is the upsizing of culverts, often justified by departments of 

transportation as the benefits include the increase spaces fish passages as well as the increased 

capacity offered for increases in future extreme precipitation events. Some other prime 

examples of co-benefits include: increased roadway safety, reduced operating costs, 

mitigation of greenhouse gas emissions, improved air quality, sustainability through 

improvements to environment, economy and/or social equity and overall improvements in 

other performance measures [28].  

37. Furthermore, to assess the sustainability of adaptation options for the transport sector, 

it is very important that mitigation implications of investments are considered carefully. 

Universally, the transport sector is accountable for around one-quarter of energy-related 

carbon emissions, which does not include the lifecycle emissions of construction materials. 

The use of cement only is accountable for about 8% of carbon emissions. Thus, it is vital to 

take into consideration the embodied energy and emissions of construction materials used in 

transport projects, including projects aiming at enhancing the resilience of transport 

infrastructure by making it more robust to the impacts of climate change [13]. Moreover, in 

the transport sector, evaluation of adaptation measures can be done qualitatively and/or 

quantitatively, mainly depending on the needs of an individual organisation. For most 

transport departments, a qualitative assessment is usually sufficient when choosing priorities, 

however, in order to justify funding sought, a quantitative assessment may be needed. For a 

qualitative evaluation a simple 3-point (i.e. low, medium, high) or a 5-point scale can be used 

or even in some cases, a narrative description of the positives and negatives of the adaptation 

strategies can be relied upon. On the contrary, an effective quantitative evaluation requires 

the demonstration of benefits in quantitative evaluation metrics such as reduced traffic delay, 

which can then be translated into further financial benefits in the economic assessment of the 

strategy [28]. Although such metrics are a useful tool in informing the decision-making 

processes, it is important to remember that these also have limits and should therefore not be 

relied upon wholly and should not be the basis for the entire decision-making process. During 

the strategy selection process, it is important to also consider inputs from staff who are 

involved on the respective projects on a daily basis as well the relevant stakeholders and 

decision makers who probably have a better understanding of the needs. In addition, it is also 

suggested that the total number of evaluation metrics are kept to a small set of valued 

measures to enable meaningful outputs to be generated [28]. 

38. In terms of prioritising measures, it is important to consider implementation time 

frames. Adaptation measures can be prioritised into short-term (such as 0-5 years), medium-

term (such as 5-10 years), and long-term (such as 10+ years) actions, depending on the 

urgency of adaptation (i.e. how soon does the strategy to protect the asset or infrastructure 

against the projected climate changes need to be implemented by the transport infrastructure 

manager) and the time needed for implementation (i.e. how much time it will take for the 

adaptation strategy to be implemented based on the plans, funds, and 

construction/programming time). In this regard, the below table presents some typical 

examples that can be used to further understand the concept of how implementation time 

periods and the level of urgency could be factored into prioritising any adaptation measure 

[28]. 
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Generic examples demonstrating typical relationships between the prioritisation of adaptation 

measures and the implementation time, level of urgency and multi-criteria analysis  

(Adapted from [Error! Reference source not found.]). 

Adaptation measure 

Time Period for 

Implementation Level of Urgency Prioritisation 

    Requires 0-5 years to implement, 

but does not need to be undertaken 

for another 30 years 

Short Low Low 

Requires 0-5 years to implement, 

but should be undertaken now in 

order to be effective 

Short High Medium 

Requires 30 years to implement, 

but should be undertaken now to 

ensure effectiveness 

Long High High 

Should be undertaken in the near 

term because it will influence 

future decisions  

Ongoing Medium Medium 

39. When considering implementation timeframes, it is also important to analyse the 

necessary anticipations for each adaptation measure, such as the acquisition of a technique, 

of knowledge, or the need for communication, or urban planning [28]. The goal is to identify 

when actions need to be launched to ensure long-term robustness, considering the adaptation 

tipping points, turning points and trigger points. 

40. After the individual evaluation of each adaptation measure, actual adaptation 

pathways, consisting of feasible sequences of adaptation options need to be designed, so that 

the pathways are also evaluated. This evaluation of the developed adaptation pathways can 

be based on the same criteria as for the individual actions. Some of the key factors that could 

be considered in the evaluation of developed adaptation pathways for transport infrastructure 

include: 

• Effectiveness in achieving objectives: Assessing the extent to which the adaptation 

pathway successfully achieves its intended objectives and outcomes. Evaluating the 

alignment of the adaptation pathway with current and projected climate change 

scenarios and determining whether the pathway addresses the specific climate risks 

and vulnerabilities that the transportation infrastructure may face in the future. 

• Infrastructure vulnerability: Analysing the effectiveness of the adaptation pathway in 

reducing vulnerabilities of transport infrastructure to climate impacts such as sea-level 

rise, extreme weather events, and temperature extremes. 

• Lifecycle assessment: Considering the full lifecycle of the infrastructure and assessing 

how the adaptation pathway addresses short-term and long-term climate risks over the 

transport infrastructure's entire lifespan. 

• Risk reduction and resilience building: Measuring the pathway's ability to reduce risks 

associated with climate impacts and enhance the overall resilience of transportation 

systems to future changes. 

• Adaptability to uncertainty: Assessing the adaptability of the adaptation pathway to 

uncertainty, considering potential changes in climate projections and other dynamic 

factors over time. 

• Cost-effectiveness: Evaluating the cost-effectiveness of the adaptation pathway, 

taking into account the financial, technical, and institutional capacity required for 

implementation as well as comparing the benefits gained from the measures with their 

associated costs. This could also include considering both the immediate costs and 

long-term savings from avoided damages. 
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• Technical feasibility: Considering the feasibility of financing and implementing the 

pathway. This could also include considering engineering requirements, construction 

practices, and availability of suitable materials. 

• Environmental impact: Assessing the environmental impact of the adaptation 

pathway, including potential ecological consequences of proposed measures. 

• Synergy with mitigation goals and co-benefits: Evaluating how the adaptation 

pathway aligns with efforts to reduce greenhouse gas emissions and promoting low-

carbon transportation options. Identifying opportunities for synergies between 

adaptation and mitigation measures. 

• Multi-stakeholder acceptance and engagement: Measuring the level of stakeholder 

acceptance and engagement with the adaptation pathway. Considering feedback from 

stakeholders on the pathway's relevance and appropriateness. 

• Monitoring and evaluation mechanisms: Ensuring that the adaptation pathway 

includes robust monitoring and evaluation mechanisms to track progress and adjust 

strategies as needed. 

• Communication and Transparency: Clearly communicate the findings of the 

evaluation to decision-makers, stakeholders, and the public. Transparency in the 

evaluation process fosters trust and accountability. 

• Learning, communicating and iterating: Promoting a learning-oriented approach to 

adaptation planning. Communicating the findings of the evaluation to relevant 

decision-makers and stakeholders. Evaluating results to inform future iterations of the 

adaptation pathway and building knowledge for future planning efforts. 

41. Additionally, transport professionals should also consider the current repair and 

replacement cycles for their infrastructures prior to implementing any stand-alone projects. 

Usually, proactive measures are sensible choices for high-value infrastructures and assets 

that are likely to be severely damaged during extreme weather events. Whereas, in some 

cases, continuous repair and maintenance work is often the best opportunistic adaptation 

effort and approach for dealing with smaller and more frequent weather events and for 

infrastructures that are less vulnerable to the changing climate. Overall, the selection of 

preferred adaptation pathways is one that is an iterative process with priority given to actions 

and options that can be immediately implemented or supported. Usually, these will be the 

‘no-regret’ and ‘low-regret’ options and those that are robust across many futures [28].  

 5. Developing possible timelines 

42. This step entails the development of a sequence of potential actions into drafting 

adaptation pathways by drawing together all previous inputs to meet short and long-term 

adaptation needs under uncertainty. The trigger, turning and tipping points discussed earlier 

are utilised here to recognise when and under what conditions, a specific option may no 

longer work along with identifying when an action can or must be taken. Documentation of 

current activities is done first and decision points are identified to put in place ‘no-regret’ 

options and actions that shall be robust across most futures. This sequencing process can 

demonstrate any potential gaps between existing management practices and the resources, 

political and community support required to enable the adaptation pathway. One crucial 

aspect for transport professionals to remember is to make comparisons between current 

organisational conditions and adaptation goals for each scenario when developing the 

sequence of actions. This would allow to identify the key issues, risks and success factors 

that need prioritising and addressing [29, 30]. 

43. To develop sequences of potential actions, it is also important to analyse which actions 

are incompatible, from the technical (for instance, building a coastal dyke is incompatible 

with the restoration of coastal wetlands), financial or planning (some actions reduce the 

possibilities of adaptation on the long term) point of views [26]. 

44. Further, it is important that uncertainty regarding drivers of change guides the 

adaptation pathways development [31]. Uncertainty indicates that it is not useful to set 

predetermined and fixed implementation dates, instead it is much useful to set a decision 
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criterion that shows when the circumstances are right for implementation [44]. Planning of 

adaptation pathways can enable actors such as transport professionals to get prepared for 

future risks and uncertainties by stipulating which measure(s) should be implemented now, 

and which should be planned for the future, to be implemented once a certain scenario or 

condition(s) is apparent. Also, the extent to which measures are flexible, reversible, ‘low-

regret’, or robust (i.e., can perform reasonably under a range of future scenarios) must be 

considered by transport professionals [29, 44]. 

Guiding and learning questions for transport professionals in sequencing potential actions for 

drafting adaptation pathways. 

 

 6. Finalising and visualising adaptation pathways 

45. This is the final step in developing adaptation pathways and involves mapping out or 

visually documenting the sequence of potential actions. This visual representation of 

pathways can help with communicating outputs from the adaptation planning process [11] 

and assist with shared decision making to imagine a dynamic response to changing 

conditions, and to navigate the adaptation process [45, 46]. Currently, there are computer-

aided tools and methods available that can assist transport professionals to portray potential 

adaptation pathways. Visual communication of such pathways can promote collective 

learning on the process of adaptation. Pathway diagrams can envisage the manner in which 

future adaptation needs are coupled with adaptation actions [47]. Also, the visual 

representation of policy decisions as a sequence of various smaller decisions over time can 

allow decision-makers to overcome some of the challenges linked with carrying out longer-

term climate adaptation decisions [46, 48]. Once the possible adaptation pathways are 

defined, the decision-makers can then decide on their adaptation strategy based on the 

adaptation pathways, the level of risk to which their territory is exposed, their preferred 

adaptation strategy and their operational objectives [26]. 

How can measures be sequenced into 
pathways that meet short and long-term 

adaptation needs under uncertainty?

In the sequencing of activities and 
interventions, what role can the 

following play?:

Lead-time, reversibility, flexibility, 
interdependencies, trade-offs, and 

robustness
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Guiding and learning questions for transport professionals finalising and visualising adaptation 

pathways. 

 

46. It must also be noted that incorporating multiple stakeholder engagements and their 

feedback, is not embedded in a specific step but relevant for each of the steps discussed 

above, in developing adaptation pathways. Certainly, engaging stakeholders that each have a 

set of values, goals, and knowledge base, across different levels and sectors can facilitate 

collective learning on the potential need for transformation. Those stakeholders may be, for 

instance, policymakers, local authorities, infrastructure managers, transport operators, 

transport engineers, transport agencies, climate change experts, logistics companies, local 

environmental protection associations, financial institutions and groups of local residents. All 

these different actors may provide differing goals, values and assumptions linked with the 

present and future. However, their different attitudes, expectations and perceptions about the 

nature of climate change and how to achieve future goals along with their individual 

knowledges on guiding future possibilities may prove very useful for responding equitably 

to the changing climate, especially in the transport sector [29, 46]. Undoubtedly, integrating 

the knowledge and expertise of multiple stakeholders has the potential to improve the quality 

of decisions made, mainly because of the comprehensiveness and inclusivity of diverse 

information inputs. Relevant stakeholders can play an active role in the identification of 

critical decision performance metrics, especially by providing their perspectives on real-life 

issues faced by the transport departments. It is recommended that transport professionals 

interested in developing adaptation pathways for their transport infrastructure understand 

what type of stakeholder engagement would encourage collective learning about climate 

change, a common agenda for the future and an adaptive and transformational planning. Also, 

they must consider how stakeholder inclusion can support dealing with uncertainty and 

ambiguity in adaptation pathways [29]. As events become more frequent, the need to protect 

and transform becomes important, or even managed retreat. Here, stakeholder engagement is 

critical in informing and validating the adaptive responses, and to ensure that the needs of 

different groups are met. 

 7. Implementing, monitoring and learning from developed adaptation pathways for 

transport professionals 

47. Any adaptation pathway map is aimed at reflecting the steps that have already been 

taken to increase climate change preparedness, identify decision points, consider alternative 

options and present possible timelines. Adaptation pathway maps should be shared, 

continuously revised, and updated as new information becomes available. As adaptation is 

dependent on learning and responding effectively to lessons learnt along with experience 

gained, changing circumstances, and new knowledge acquired, it is crucial that monitoring 

and evaluation is done regularly for ensuring an effective adaptation is carried out over time 

[48, 49]. 

What will best represent the 
likely elements of adaptation 

pathways for stakeholders and 
decision-makers?

Can the produced adaptation 
pathways diagrams effectively 
synthesise actions required to 

meet adaptation needs? 

Does pathways visualisation 
encourage collaborative 
learning and adaptive 

capacity?
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48. Systematically monitoring implemented adaptation pathways can inform on-going 

decision-making and trigger follow-up activities that may be needed. This would allow for 

identifying when to re-evaluate the course of actions. Thus, the value of an adaptation 

pathway is proved when it is adopted, implemented and then updated over time within the 

sector.  

49. It is evident that adaptation pathways are developed through the consideration of a 

sequence of actions based on the information that is available at the present time of 

elaborating the pathway. It is expected that when applied over time, the pathway will meet 

challenges and possible barriers from the changing climate and its impacts, the social 

changes, economic and financial constraints and other crises. Taking into consideration the 

goals of sustainable transport, triggers to monitor will include climate change impacts like 

for instance extreme weather events, higher temperatures, more severe storms and flooding 

that can potentially affect the reliability and capacity of transportation systems while 

damaging transportation infrastructure. Transport infrastructure owners and managers should 

be keen observers of seasonal changes and monitoring systems. These professionals could 

work with local, regional and at times international agencies along with local communities, 

researchers, consultants and industries to share information and implement climate 

preparedness actions. Finally, transport professionals need to find a way to ensure that the 

adaptation pathways will be reviewed regularly, as new information becomes available, as 

climatic conditions change and as adaptive capacity grows. For this, professionals also need 

to also recognise what processes are in place to increase the adaptive capacities of 

stakeholders. It is suggested that with constant review of the pathways, there may be a 

possibility of updating the pathways map in few years, if needed, as shown by the cyclic 

nature of the framework in Figure I. Thus, the proposed framework suggests that the 

development of adaptation pathways for transport infrastructures and assets should be a 

circular and iterative process that allows taking into account new knowledge, socio-economic 

changes or modification of the transport infrastructure as well as any additional information 

that would be relevant to incorporate over time.   

50. Figure II presents a recent example of an adaptation pathways plan for transport 

infrastructure resilience to different levels of flooding as part of the fluvial flood management 

in Somerset, UK [13]. Such an adaptation pathways map or framework allows decision-

makers to have the flexibility to change the course of adaptation (i.e. switching pathway to 

implement suitable adaptation options) as new information becomes available [4]. The 

knowledge of the sequences of actions also allows to prepare for accommodating future 

adaptation actions in the designs of earlier actions. Through this, transitions between actions 

can be more effective and cost-efficient. The different phases in an adaptation pathways 

approach each contribute to a greater plan and are thus designed to allow for flexibility for 

future options, avoiding actions that may compromise effective actions in the future. Also, 

the effectiveness of the appropriate options can be monitored and evaluated with time and 

any learnings can be fed back into the next development cycle [3]. 
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Figure II 

Adaptation pathways plan for transport infrastructure resilience to different levels of flooding in 

the UK [13]. 
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