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Executive Summary

The climate emergency presents a pivotal challenge for 
asset management across sectors. This paper provides 
a high-level compendium of resources to support 
asset management professionals in integrating climate 
resilience into their practices to ensure operational 
continuity and long-term performance.

This paper focuses on the transportation, gas, and 
marine sectors, but the guidance can be adapted and 
applied in other sectors. 
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The Climate Imperative 
The global climate crisis has ushered in an era 
of heightened risk for critical infrastructure. 
Rising temperatures, extreme weather, and 
sea-level changes threaten industries reliant on 
transportation, energy, and marine operations. 
This paper supports asset management 
professionals with the knowledge and tools 
needed to integrate climate considerations into 
their practices, ensuring operational continuity and 
long-term resilience.

Purpose and Scope
This paper:

1. Highlights climate risks and vulnerabilities across  
 industries.
2. Presents examples in transportation, gas, and  
 marine sectors to inspire actionable strategies.
3. Recommends publicly available tools and  
 methodologies to enable assessment and   
 planning to support climate resilience.

Credit: Moorefam
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Climate change introduces unique risks across 
industries, but it also provides an opportunity to 
innovate and embed resilience into infrastructure. 
By adopting targeted tools and methodologies, 
asset managers can address vulnerabilities while 
unlocking long-term operational, financial, and 
environmental benefits. Below, the transportation, 
gas, and marine sectors are examined, utilizing 
examples to inspire practical actions and the 
identification of opportunities.
 
Transportation
Transportation systems form the backbone of 
global economic activity, ensuring the mobility 
of goods, people, and services. However, these 
systems are increasingly exposed to climate-
related risks, including flooding, extreme heat, 
and landslides. For example, heavy rainfall can 
overwhelm drainage systems on highways, while 
prolonged heatwaves may cause rail tracks 
to buckle, leading to costly delays and safety 
concerns.

Opportunities lie in leveraging data and technology 
to design and maintain resilient infrastructure. GIS 
mapping and hydrological models, as highlighted in 
Highways England’s Flood Adaptation Program 
[1] [2] [3], are powerful tools for identifying 
vulnerabilities in road networks. By overlaying 

geographic and climate data, asset managers 
can pinpoint flood-prone areas and proactively 
redesign drainage systems or elevate roadways. 
According to the project outcomes, these 
measures resulted in a 40% reduction in flood-
related disruptions over five years.

Applications in this sector emphasize integrating 
predictive analytics into asset management 
systems. This approach enables real-time 
monitoring of weather conditions and 
infrastructure stressors, reducing maintenance 
costs and enhancing safety. For railways, 
reinforcing embankments and installing 
early-warning systems for flash floods offer 
opportunities to minimize disruptions and maintain 
operational continuity.
 
Gas Utilities
Gas utilities play a critical role in energy security 
and industrial processes. However, climate-related 
impacts such as temperature extremes, flooding, 
and permafrost thaw pose significant challenges. 
For instance, temperature fluctuations can cause 
material stress in pipelines, leading to leaks or 
catastrophic failures. Additionally, flooding can 
compromise storage facilities and distribution 
systems, causing widespread service 
interruptions.

Credit: mikeuk
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The Alberta Pipeline Resilience Program [17]
demonstrates how gas utilities can address these 
challenges through innovation. By adopting 
advanced materials designed to withstand thermal 
expansion and deploying predictive maintenance 
technologies, the program significantly improved 
pipeline performance. Predictive maintenance, 
enabled by IoT sensors, identifies early signs of 
stress, allowing operators to intervene before 
failures occur. This approach not only reduced 
maintenance costs by 25% but also extended the 
lifespan of critical assets by over a decade.

Applications in this sector highlight opportunities for 
asset managers to align operational practices with 
climate adaptation goals. For example, integrating 
climate risk metrics into asset registers ensures 
that vulnerabilities are systematically identified 
and addressed. Additionally, adopting renewable 
energy sources for gas compression and storage 
facilities offers a pathway to reduce emissions while 
enhancing resilience to extreme weather [18].
 
Marine Infrastructure
Marine infrastructure, including ports, harbours, 
and coastal facilities, is vital for international trade 
and regional economies. However, this sector faces 
significant risks from rising sea levels, storm surges, 

and coastal erosion. These risks threaten not only 
the physical stability of infrastructure but also the 
continuity of supply chains and logistics operations.

The Port of Rotterdam Climate Resilience 
Initiative [4] [5] [6] provides a compelling example 
of how marine infrastructure can adapt to these 
challenges. Digital twin technology, as implemented 
in Rotterdam, simulates various climate scenarios to 
inform adaptive infrastructure designs. For instance, 
flexible quay walls were engineered to accommodate 
rising sea levels, while storm surge barriers were 
constructed to protect critical operations during 
extreme weather events. These measures ensured 
the port’s operational continuity and reinforced its 
reputation as a global logistics hub.

Applications in this sector underscore additional 
opportunities, such as incorporating nature-
based solutions [19] like mangroves or wetlands 
to mitigate storm surges and erosion. These 
approaches not only protect infrastructure 
but also contribute to biodiversity and carbon 
sequestration, aligning with broader sustainability 
objectives. Furthermore, investments in automated 
monitoring systems provide real-time data on 
coastal conditions, enabling proactive maintenance 
and reducing long-term costs.
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Cross-Industry Insights
While the transportation, gas, and marine sectors 
have distinct challenges, they share common 
opportunities to innovate and enhance resilience. 
For example, integrating climate risk into asset life 
cycle management systems ensures that risks are 
addressed proactively at every stage—from initial 
need, design and construction to operation and 
decommissioning and repurposing.

The adoption of standardized methodologies, 
such as those aligned with ISO 55000, fosters 
consistency and scalability across industries. 
These standards emphasize risk-based decision-
making, enabling asset managers to allocate 
resources effectively and prioritize interventions 
that deliver the greatest value. Additionally, 
cross-sector collaboration, particularly in shared 
infrastructure such as ports and multi-modal 
transport hubs, amplifies the impact of resilience 
measures and reduces duplication of effort.
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 Climate Risk Assessment

Tools

1. HAZUS
Developed by the US Federal Emergency 
Management Agency (FEMA), HAZUS [12] is a 
GIS-based tool for assessing the impact of natural 
hazards like floods and earthquakes. It enables asset 
managers to quantify potential losses and prioritize 
investments in mitigation strategies. By providing 
robust data analysis, HAZUS supports evidence-
based decision-making for infrastructure resilience.

2. Digital Twins
Digital twin technology [13] creates virtual replicas 
of physical assets, allowing managers to simulate 
how infrastructure responds to various climate 
stressors. This tool is invaluable for testing 
adaptation strategies in a controlled environment, 
ensuring interventions are both effective and cost-
efficient.

3. GIS Mapping
Geospatial Information Systems (GIS) [15] help 
asset managers visualize climate risks by overlaying 
environmental data on asset maps. This tool is 
particularly effective for identifying high-risk areas 
and planning targeted interventions.

4. C40 Climate Action Toolkit
The C40 Climate Action Toolkit [14] provides guidance 
for urban infrastructure managers, offering strategies 
to embed climate resilience into transport and utility 
networks. Its modular design allows professionals to 
tailor solutions to local conditions and asset types.

Methodologies
• Vulnerability Assessments
 Vulnerability assessments combine historical data  
 and predictive models to evaluate asset exposure  
 to climate risks. This methodology helps asset   
 managers understand where to allocate   
 resources for maximum impact.

• Multi-Criteria Decision Analysis (MCDA)
 MCDA balances cost, risk, and benefit 
 considerations to prioritize interventions.  
 This framework is particularly useful for comparing  
 adaptation options across diverse asset portfolios.

• Scenario Planning
 Scenario planning involves developing multiple  
 future climate scenarios to inform adaptive   
 strategies. This approach enables asset managers 
  to plan for a range of potential outcomes,   
 enabling long-term resilience.
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1. Risk Identification
Identifying at-risk assets is the foundation of 
resilience planning. Tools like GIS mapping and 
digital twins provide precise data to understand 
vulnerabilities. By proactively mapping risks, 
asset managers identify where they need to 
focus activity. This can avoid reactive approaches, 
reducing costs and disruption.

2. Assessment
Quantifying risks allows asset managers to 
prioritize interventions effectively. Probabilistic 
models and MCDA frameworks provide robust 
analyses that consider both likelihood and impact. 
This step ensures resources are allocated where 
they are needed most.

3. Adaptation and Mitigation
Developing adaptation strategies, such as flood-
resistant roadways or corrosion-proof pipelines, 
addresses current and future risks. Mitigation 
actions, like adopting sustainable materials, aligned 
with long-term environmental goals, ensure assets 
contribute to reducing the impact of assets on the 
climate.

4. Monitoring
Monitoring through systems (e.g. using IoT) 
ensures interventions remain effective over time. 
Monitoring provides data to detect emerging risks, 
enabling timely adjustments.
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Adopt Assessment Tools
Asset managers should familiarize themselves 
with tools like HAZUS, digital twins, and GIS. 
Training programs and collaborative initiatives can 
accelerate adoption, ensuring tools are used to 
their full potential.

Embed Resilience into Planning
Resilience should be a core component of asset 
management plans. By integrating climate risk 
metrics into asset registers, managers can create 
proactive maintenance schedules that account for 
future stressors.

Collaborate Across Sectors
Cross-sector collaboration enables the sharing of 
insights and best practices. For example, marine 
and transportation sectors can jointly explore 
strategies for port infrastructure resilience, 
benefiting from shared expertise and resources.

Invest in Training
Equipping professionals with the skills to utilize 
advanced tools is crucial. Workshops, webinars, 
and certification programs can bridge knowledge 
gaps, fostering a culture of innovation and 
resilience.
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