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Castle Meads electricity 
substation flooded in 2007  
leaving 42,000 people 
without power

Railway workers inspect the main Exeter to
Plymouth railway line at Dawlish (2014).

December 2015 55000 homes 
left without power after a 
substation in Lancaster flooded
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Koks, E., Pant, R., Thacker, S., Hall, J.W. Understanding business disruption and
economic losses due to critical infrastructure failures, Risk Analysis, in review.



Eight times as many (20 million) properties are at risk of indirect 
disruption due to flooding of utilities infrastructure than are at risk of 
direct flooding from rivers and sea (2.4 million)

The total impact of flooding on infrastructure could be £2.0-£2.4 
billion per day of disruption for a hypothetical 3.3% AEP flood event 
with nationwide coverage (and up to £5.7-£10.0 billion for a 0.1% 
AEP event)

For some types of asset, up to 80% of 
assets are disrupted directly or indirectly 
in a 0.1% AEP flood







Why we worry about natural disasters and infrastructure:

1. Direct damage to infrastructure assets

2. Disruption to the infrastructure services and supply chains

3. Infrastructure development increasing human and economic 

exposure to natural hazards







1. How big is the risk?

2. Where is it located?

3. How is it changing?

4. What are cost-effective adaptation options? 



Network risk analysis forms the basis for 
proportionate adaptation decisions



Results: Transport risk Analysis 
TanzaniaThree future regional growth scenarios show major road corridors predicted to still carry 

the highest transport flows with annual freight growth rates varying between 5%-9%

Quantifying the hazards, 
at present and in the future 

Percentage of region at 
risk of flooding

Predicted change in flooded 
area (2019-2030) 

Pant, et al. (2018) Transport Risks Analysis for The United Republic of Tanzania: Systemic vulnerability 
assessment of multi-modal transport networks. Oxford Infrastructure Analytics Ltd.



Identifying network exposure, 
at present and in the future 

Annual Average Daily Flow 
(AADF) in tons (2016) 

Pant, et al. (2018) Transport Risks Analysis for The United Republic of Tanzania: Systemic vulnerability 
assessment of multi-modal transport networks. Oxford Infrastructure Analytics Ltd.

Predicted AADF (2030)



Identifying highest risk locations, 
which are priorities for adaptation

Freight rerouting costs for 
road network links (2016) 

Pant, et al. (2018) Transport Risks Analysis for The United Republic of Tanzania: Systemic vulnerability 
assessment of multi-modal transport networks. Oxford Infrastructure Analytics Ltd.

Predicted freight 
rerouting costs for road 
network links (2030) 



Benefit-cost ratios of investment in enhancing 
the resilience of the transport network

Pant, et al. (2019) Analysis and development of model for addressing climate change/disaster risks in multi-modal 
transport networks in Vietnam. Final Report. Oxford Infrastructure Analytics Ltd.



How do respond?

1. Disaster-proofing infrastructure assets





Direct and Indirect customers impacts due to electricity 
transmission assets

The most important electricity assets

Transmission (400kV, 275kV, 132kV) 

Sub-transmission (132kV, 33kV)  

Distribution (33kV, 11kV, 415V) 

Large-capacity generators 

Medium-capacity generators 

Small-capacity generators 

• Ports 
• Airports 
• Railway stations 

Integrated electricity network Infrastructures dependent on 
electricity for their operation 

33kV connections 

• Water towers 
• Waste water treatment 
• Telecom masts 

11kV connections 



Economic benefit of alternative adaptations
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Transmission substation assets - ranked by impact potential

NPV wall
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Progress with adaptation
Risk Number of 

sites
Completed 

works
Remaining

1:100 11 7 4
1:200 26 0 26

1:1000 65 0 65



How do respond?

1. Disaster-proofing infrastructure assets

2. Enhancing system resilience





Impact of changing energy demand on power system 
performance

Relative change in economic losses 
under future demand scenarios



How do respond?

1. Disaster-proofing infrastructure assets

2. Enhancing system resilience

3. Planning for sustainable infrastructure development 



Thacker et al., Infrastructure for Sustainable 
Development, Nature Sustainability, in press.







Hazard and infrastructure 
data used in the assessment



Infrastructure interdependencies





Prioritisation of risk 
reduction interventions







The prize
Infrastructure that:
• Meets the needs of people and the economy, as 

set out in the Sustainable Development Goals
• Preserves and restores the natural environment 

and ecosystem services  
• Is on track to achieve zero and then negative 

emissions
• Is resilient and adaptable to an uncertain future.



Propositions
• Investing in infrastructure to address economic 

inequalities between regions is a waste of money
• There are too few engineering options for 

‘flexible’ infrastructure for flexibility to be a viable 
strategy for adaptation to climate change

• Cascading failures within infrastructure networks 
are a much more significant risk than 
interdependent failures between networks
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ASC assessment of progress with 
adaptationMonitoring progress with adaptation



Estimating fragility



Bridge scour fragility



Historical scour-related bridge failures

• Unique data: 100 rail bridge failures since 1846
• Flood events reconstructed from observations

Bridge
Flow gauge

Bridge 
failures

On average 1.9 structures failed per flood



Bridge scour fragility

Set A Historical bridge failures with associated flood event return periods, 
which are regarded as known values for the loading condition at failure. 

Set B Historical bridge failures associated with an unknown flood return 
period are incorporated as a form of left-censored data

Set C Bridges that are assumed not to have failed (“survivors”)



Simulated and observed numbers of failures


