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21st Century challenges
• Environmental impacts of development

• Energy and carbon, water, air pollution

• Security, Social equality and access to resources

• Changing climate and natural hazards

• Ukraine 2080 (compared to 1990)

• 2-5°C temperature rise (summer) ±20% precipitation

• Increasing summer dry periods

• 3-8°C temperature rise (winter) +10/25% precipitation

• Winter precipitation includes less snow, (but more freeze-thaw)



Risk = Hazard x Vulnerability x Consequence

Mitigation insufficient or 
impossible

Adaptation is required

• Climate (env) change
• Social change
• Technical change

Transport is ‘A difficult sector to 
adapt’, having ‘large secondary 
economic impacts’ with ‘regional 
and global consequences’

IPCC(2014) Impacts, Adaptation, and Vulnerability 
WGII report Ch8

Policy 
Responses



Context of Ukraine Rail Sector

• Long history (1850s through to today UZ working with DB)

• Extensive network ~27,000 km ~50% electrified

• Diversity of infrastructure

• 82% of freight and 50% of passenger transport

• Challenges (before climate change)

• Capacity, especially at critical locations

• Balancing social and financial needs

• Modernisation of infrastructure and rollingstock
• Including electrification of existing lines



Understanding Risk

• Understanding Hazards

• Climate/weather/geotechnical data 

• Understanding Consequences

• Technical (fail-safe)

• Financial

• Non-financial (social)

• ‘knock-on’ consequential

• Understanding Vulnerability

• Infrastructure of different ages

• Different design standards

• High interdependency of systems

• Geographical distribution

• Sensitivity to many variables and 
combinations of variables

• Constant maintenance programme

All of these are changing with time, along 

with society’s idea of what is acceptable Picture 24.9.2018 by Marek GraffPicture 26.9.2018 by Marek Graff



How to address adaptation?

Learning lessons (Quant & Qual)

• From past events

• From other places (analogues)

Assessing Vulnerability

• Interdependency

• Pathways to failure

• Consider Pathways to Resilience

• Robustness (doesn’t fail)

• Redundancy (backup available)

• Recovery (rapid return to service)
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Learning from past events
• Routine events data

• Known issues 

• e.g. track buckling

• ‘Unknown’ issues

• Extreme events

• Learning from others
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Note how generalisation can mask 
true causes

‘Track faults (including broken 
rails) ’ contains several reason 
codes and within each of these 
are several potential weather 
related failures from high or low 
temperatures, drought and/or 
excess precipitation.

Metrics and performance



Adaptation and Analogues

• As part of the ‘Tomorrow’s Railway and 
Climate Change Adaptation’ project

• Studied Results from 20 global climate models

• Present day: 1971-2000  [“Baseline”]

• Mid 21st century: 2035-2064

• Late 21st century: 2070-2099

• Seeking areas that today have weather like the 
UK will have in future – and similar railway!



What Adaptation planning looks like in Rail

• Rail Adapt was sponsored by UIC

• Workshops in London/Beijing

• 90 people / 50 organisations / 20 countries

• Informed by a background document



Principles

• Avoid reinvention (i.e. duplication)
• Activities, processes, codes of practice 

etc.

• Link mitigation, adaptation, 
sustainable development
• Mirroring common Sendai, Paris, SDG 

approaches

• Link broadly within an organisation
• Avoid stand alone ‘department for 

adaptation’

• Link broadly outside an organisation
• Mutual benefits and wider expertise

• In mobility field work across modes
• e.g. Mutual support in times of 

disruption

• e.g. Commonly certified contractors

• Adaptation is not a ‘project’ or 
‘extra’
• Needs to be iterative and business-as-

usual



Adaptation StrategyImplementation Plan

Objectives

Identify 

Hazards
Implementing climate impact 

studies

Examining the range of potential 

vulnerabilities

Identify 

Vulnerabilities

Identify 

Consequential 

losses

Scoring risks by intensity and 

frequency of impact

Incorporating social and 

economic considerations

Taking the dynamic nature of 

risks into account

Climate information

Unique context

Asset portfolio + 
management 

approach

Perceptions of risk 
and current actions

Experience

Stakeholder 
perspectives

Risk appraisal

Scope of work 

for 

implementation

Adaptation 

Strategy

Option 

generation
Option analysis

Asset portfolio 
+ management 

approach

Perceptions of 
risk and 

current actions

Experience

Stakeholder 
perspectives

Toolbox of measures

Specific action plans

Outcome 

review

Outcome 

reporting

FeedbackAdaptation metrics



Option examples

• New infrastructure

• Design codes, standards and specifications for the future climate

• Smart self-monitoring / repairing systems

• Existing short-life infrastructure

• Enhanced recovery capability e.g. spare capacity

• Existing long-life infrastructure

• Enhanced monitoring, inspection and renewal where necessary



Key messages

• Cross-sector and inter-agency working

• Strategy that enables various options

• Giving variety of potential responses

• Future requirements are:

• Consistent evaluation techniques and metrics

• Whole system modelling capturing disruption

• Contact details: a.d.quinn@bham.ac.uk
http://uic.org/IMG/pdf/railadapt_final_report.pdf



Weather and climate hazards and respective risks 
for railway infrastructures – ARISCC project



Risk Matrix from UIC Systra report


