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Gaps in resilient systems analysis

ANTICIPATE, REACT, e A
RECOVER « Regulatorsshould require a system of regular stress

Resilient infrastructure systems testing by 2024 for energy, water, digital, road and
rail infrastructure operators, to ensure resilience
standards for infrastructure services

Gaps
- Lack of understanding of infrastructure

interdependence remains a major challenge for
operators in estimating and tackling climate risks

- Lack of coherent data for modelling infrastructure
interactions and inconsistent risk measures that
makes it difficultto compare resilience outcomes across
different sectors
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|TRC-MiStra| N|SMOD £10 million EPSRC funded

programme of research to build
national-scale systems modelling
capability [2010 - 2020]




National Infrastructure spatial network database

Electricity Telecoms Water supply Railways Roads (major)

« ~78,000 nodes

« ~140,000 edges

« 5 networks

« customer/userdemands mapped on each network



Informing NIC resilience analytics

NATIONAL Single asset failures initiated in electricity networks

INFRASTRUCTURE
COMMISSION
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Resilience study research for NIC

Systems analysis of interdependent network vulnerabilities
— Water+Rail:>3 (0.15%)
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Electricity:0 (Total events-18070) Water:2 (0.46%)

Final Report

April 2020 —Rail:1(0.91%) — Water+Rail:2 (0.01%)

[T Rail: 2 (4.44%)
— Water:1 (0.11%)

— Water+Rail:1 (0.01%)

Resilience strategy experiment:
By connecting each electricity dependent asset to one more point
https://www.nic.org.uk/wp- " 5 .

on the electricity network only 5.6% of failure events cascaded

content/uploads/Infrastructure-network-analysis.pdf

further



https://www.nic.org.uk/wp-content/uploads/Infrastructure-network-analysis.pdf
https://www.nic.org.uk/wp-content/uploads/Infrastructure-network-analysis.pdf

NIRD

National Infrastructure Resilience Demonstrator

. @ Extreme flood and storm
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hazard events Objectives
—— — (1) Stress-test networks with extreme flood and storm events
Sl s (2) Model interdependent network failure cascades to
el quantifylosses to people and economic activities
R | (3) Explore resilience options in reducing network failure
e e g losses
0 o Project outcome

! Deliver accessible national-scale modelling capability and
software tools for quantifying UK infrastructure risk and
resilience to extreme flood and storm events, supportedby a
unique spatial database of interdependent networks,
populationand economic activities
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Vision for implementation on DAFNI platform

Codebase

. Hazard-network intersections and
asset failure sampling

. Network flow disruption analysis

. Population and economic activity
loss estimation

. Risk and vulnerability metrics =

. Resilience options testing

2-3 flood and storm event

examples from JBA and
Copernicus datasets

Database of infrastructure
networks from ITRC-MISTRAL .

Usability and Reproducibility

. User-manual with input-data
specification

. Jupyter notebooks with example
demonstrations

. Sample output visualisations O
GitHub

Population and
buildings datasets from

Census and footprint datasets




Timeline

Activity

n DAFNI integration
n Data and code creation and documentation

May Jun [Jul_|Aug |Sep

Stakeholder engagement
1|Hazard event assembly
Infrastructure network data assembly

Socio-economic data assembly
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D1 - Scoping report of DAFNI integration process D2 - Uploading of input datasets on DAFNI D3 - Damage loss assessment results on DAFNI
D4 - Resilience options results on DAFNI D5 - Final user guide, codes and presentations D6 - Journal academic paper
S1- Project awareness workshop S2 - DAFNI conference to present risk results  S3 - Final project dissemination event




NIRD team members

Principle Investigator
Raghav Pant
Senior Research Associate, ECI

Lead Software Expert

Tom Russell

Senior Research Software Engineer,
ECI

Lead Model Developer
Yue Li
Post-Doctoral Research Associate,
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Co-Investigator
Jim W. Hall
Professor, ECI

Research Software Expert

Fred Thomas

Senior Research Software Engineer,
ECI

Project Manager
Tim Fowler
Programme Manager, ECI



Contact: raghav.pant@ouce.ox.ac.uk
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