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Why Resilience
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organizations, institutions, and
systems to better absorb
disruption, operate under a
wider variety of conditions, and
shift more fluidly from one

circumstance to the next.
[Zolli and Healy 2012]
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Interdependent Infrastructures
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Resilience: background

" The notion of resilience has a strong history in
several fields

- Ecology, social sciences, civil engineering

= But lots of conflict in developing an agreed
definition and resilience framework

" |n particular a resilience framework for
interdependent systems is missing
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= Build a quantifiable resilience framework

" Aresilience paradigm from engineering with an
economic interdependency model

" Provide a means to valuate preparedness
strategies
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Defining Economic Resilience

Ability exhibited by systems that allows them to recover productivity
" |n adesiredtime

= And/or with an acceptable cost [Pant et al. 2012, 2014]
o 1 Disruption
O
s As-planned level
g ................................................................................... e — Sizble
o target
h =
(]
a. Policies/
9 Investments
S f
(o)
c ]
o —
u3 Recovery .

Resilience is planned for in advance of a disruptive event through preparedness
policies and investments.
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Resilience framework
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Inperability (q(t))

Inperability (q(t))

OXFORD

Dynamic inoperability 10 model
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[Lian and Haimes 2004]

10 15 20 25 30

PANT R & BARKER K. 2014. Dynamic resilience planning for Interdependent Economic systems



Environmental Change Institute

OXFORD

Resilience definitions: through model

= Measuring dynamic resilience with inoperability

— Performance metrics that quantify the interdependent

resilience from inoperability

Measures the capability of

. _ the infrastructure/industry
_Time torecovery:r

1— ' ®  to move towards stability
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maximum impact = ;
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] interdependent loss
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[Pant et al. 2012, 2014]
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Engineering Resilience definitions
= Dynamic resilience

— Ability to resist the initial impact
— Ability to recover in desired time
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Interdependent resilience planning

Ultimately, the 4-tuple of(F7 qm, T, K~ )provide a means to describe

interdependent economic resilience and generate planning strategies
[Pant et al. 2014]
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Multiple external shocks

Different values for the 4-tuple (F7 qu’, Th KZ) can
describe planning options after each shock eventat h=0,1,....
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[Pant et al. 2013]
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Model control

1.0 Desired behavior or ‘observations’
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A dynamic feed-back control problem that sets the model parameters
" setting resilience targets
= controlling interdependence planning
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Model application
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Port of Catoosa: Oklahoma
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Commodity flows and disruptions

Commodity queuing model at port and dynamic commodity flow along network
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Plannlng for Preferred Recovery
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Scope for Future development

A. Spatially coherent hazard event

B. Topological network failures

C. Disruptions and economic losses
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" |ntegrating
network dynamics
with economic
dynamics

" Long term risk,
resilience and
adaptation
analysis
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Thanks for the attention
Questions?

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