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Community: 
Geographically bounded entity with shared history and future 
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§ Not giving up
§ Continuity of community 

existence thorough the 
survival of its inhabitants 
and the continuity of its 
social and economic 
functions

§ Hypothesis: community 
resilience depends on the 
resilience of its built 
infrastructure 

Community Resilience

http://science.k12flash.com/naturalhazards.html
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§ Safety
§ Physical infrastructure:

§ Energy
§ Water 
§ Communication
§ Transportation
§ Waste

§ Health and Economy
§ Social:

§ Culture 
§ Heritage 
§ Education…

Community Functions and 
Its Civil Infrastructure Systems

Recover 

20 

While an effective response is essential to a resilient community’s ultimate recovery, it alone 
is not sufficient to achieve the swiftest return to normalcy. In its Capstone Doctrine (as cited in 
Blanchard 2007), the Department of Homeland Security notes this distinction and defines the 
recovery mission as 

the sustained commitment to return an impacted population and geographic area to 
a sustainable standard of living following an incident. This supports the goal of 
creating resilient populations and communities. Whereas response is focused 
primarily on minimizing immediate impacts, minimizing immediate consequences, 
and setting the conditions for long-term success, recovery is focused on restoring 
societies. Without a commitment to that restoration, resiliency is not possible.  

In effect, recovery means “getting back to normal” functioning along all dimensions of the 
community. Such resilient recovery has three essential characteristics.  

First, resilient communities deliberately plan for recovery with the same attention that is paid 
to planning for protection or response. “Planning to recover” means that all the functioning 
dimensions of the community must be restored, recovery goals must be identified and 
benchmarked, and strengths, weaknesses and interdependence across community functional 
areas are identified (i.e., infrastructure, economy, and social). For example, workers cannot 
return to work if there are no roads or bridges to use for commuting, if there are no day care 
centers and schools for their 
children, if there is no 
adequate plan for short-term 
housing needs, and so on. In 
turn, businesses cannot get 
back up and running without 
both workers and consumers. 
Further, data suggest that 
communities that plan to 
meet the long-term mental 
health needs of the citizens 
avoid unnecessary disruption 
costs ranging from failed 
marriages, increased rates of 
violence, and worker 
absenteeism. Resilient 
recovery plans have analyzed 
and understood these 
interdependencies and put 
measures into place to 
eliminate cascading failures 
and to prioritize restoration 
activities (Fig. 2). 

Second, resilient communities 
link recovery to a rapid return to Fig 2. Community Functions and Interdependencies. 

 

Raking of Important community functions
(SERRI and CARRI, 2009)
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§ Measured in terms of 
loss of community 
function (MCEER’03)

§ Collapse:
§ Abandoned

§ Ductile:
§ Did not give up

§ Robust:
§ Same as before

§ Adapted:
§ Better than before

Quantification of 
Community Infrastructure System Resilience
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Quantification of 
Community Infrastructure System Resilience

http://ceeesa.es.anl.gov/images/ceeesa_ProjectsWECC_Climate_Power_Impacts_800.jpg

Supply Demand
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Loss of supply

Quantification of 
Community Infrastructure System Resilience

§ Infrastructure 
system supply:
§ Suffers an 

(instantaneous) 
drop when the 
event occurs

§ Recovers over time
§ Recovery depends 

on the vulnerability 
and recovery of 
elements of 
community 
infrastructure 

In
fra

st
ru

ct
ur

e 
Sy

st
em

 S
up

pl
y Ev

en
t

Time
(not to scale)

Recovery of supply

Losses

Supply



Institute of Structural Engineering 
Structural Dynamics and Earthquake Engineering Group 

Quantification of 
Community Infrastructure System Resilience

§ Infrastructure 
system demand:
§ Suffers an 

(instantaneous) 
drop when the 
event occurs

§ Recovers over time
§ Recovery depends 

on the vulnerability 
and recovery of 
elements of 
community 
infrastructure 
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Loss of supply

Supply/Demand Formulation
to Quantify Community Infrastructure Resilience

§ Lack of 
Resilience
is the unmet 
demand of the 
community for 
the considered 
resource:
§ Power, water, 

communication… 
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Didier M, Broccardo M, Esposito S, Stojadinovic B (2017). A Compositional Demand/Supply 
Framework to quantify the Resilience of Civil Infrastructure Systems (Re-CoDeS).

Sustainable and Resilient Infrastructure.
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Re-CoDeS Framework

More details in: 
https://doi.org/10.1080/23789689.2017.1364560

https://doi.org/10.1080/23789689.2017.1364560
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§ Modeling the community on an component level:
§ Buildings, generators, pumps, cellular network base stations…

§ Modular simulation platform architecture
§ Physics-based (as much as possible)

Re-CoDeS Framework:
Formulation and Implementation

Hazard 
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Resilience quantification
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§ Lack of Resilience is 
the unmet demand of 
the community for the 
considered resource:
§ Power, water, 

communication… 
§ Interdependences 

among civil 
infrastructure system 
components play a 
significant role in 
community recovery 

Re-CoDeS Framework:
Interdependence among Infrastructure Systems

As its name implies, a physical interdependency arises
from a physical linkage between the inputs and outputs of
two agents: a commodity produced or modified by one infra-
structure (an output) is required by another infrastructure
for it to operate (an input). For example, a rail network and a
coal-fired electrical generation plant are physically interde-
pendent, given that each supplies commodities that the
other requires to function properly. The railroad provides
coal for fuel and delivers large repair and replacement parts
to the electrical generator, while electricity generated by the
plant powers the signals, switches, and control centers of the
railroad—and in the case of electrified rail, directly powers
the locomotives. The state of one infrastructure (whether the
railroad is able to provide adequate coal stocks to the electri-
cal generator) directly influences the state of the other
(whether the generator can produce sufficient power to meet
the railroad’s needs) and vice versa. By means of this direct
connection, a state change in the railroad (halt in the delivery
of coal) can drive a corresponding state change in the electri-
cal grid (switch to alternative fuels or additional generation
from non-coal-fired plants). In this manner, perturbations in
one infrastructure can ripple over to other infrastructures.
Consequently, the risk of failure or deviation from normal op-
erating conditions in one infrastructure can be a function of
risk in a second infrastructure if the two are interdependent.

Cyber Interdependency
An infrastructure has a cyber in-
terdependency if its state de-
pends on information transmit-
ted through the information
infrastructure.

Cyber interdependencies are
relatively new and a result of the
pervasive computerization and
automation of infrastructures
over the last several decades. To
a large degree, the reliable opera-
tion of modern infrastructures de-
pends on computerized control
systems, from SCADA systems
that control electric power grids
to computerized systems that
manage the flow of railcars and
goods in the rail industry. In these
cases, the infrastructures require
information transmitted and de-
livered by the information infra-
structure. Consequently, the
states of these infrastructures de-
pend on outputs of the informa-
tion infrastructure. Cyber inter-
dependencies connect infrastruc-
tures to one another via elec-
tronic, informational links; the

outputs of the information infrastructure are inputs to the
other infrastructure, and the “commodity” passed between
the infrastructures is information.

Geographic Interdependency
Infrastructures are geographically interdependent if a local
environmental event can create state changes in all of them.

A geographic interdependency occurs when elements of
multiple infrastructures are in close spatial proximity.
Given this proximity, events such as an explosion or fire
could create correlated disturbances or changes in these
geographically interdependent infrastructures. Such corre-
lated changes are not due to physical or cyber connections
between infrastructures; rather, they arise from the influ-
ence the event exerts on all the infrastructures simulta-
neously. An electrical line and a fiber-optic communications
cable slung under a bridge connect (geographically) ele-
ments of the electric power, telecommunications, and
transportation infrastructures. The interdependency in
these cases is simply due to proximity; the state of one infra-
structure does not influence the state of another. Traffic
across the bridge does not influence the transmission of
messages through the optical fiber or the flow of electricity.
Because of the close spatial proximity, however, physical
damage to the bridge could create correlated perturbations
in the electric power, communications, and transportation
infrastructures. Note that more than two infrastructures

December 2001 IEEE Control Systems Magazine 15
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Figure 3. Examples of infrastructure interdependencies.

Rinaldi et al., 2001
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§ Area of 10 x 30 km
§ 3600 inhabitants

§ Three infrastructure 
systems:
§ Electric Power Supply
§ Cellular Communication
§ Water Supply

§ Three types of links:
§ Power lines
§ Water pipes
§ Roads (to transport repair crews, 

machinery and material)

A Virtual Community
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§ Community 
components are 
dependent on each 
other for function 

§ Interdependencies 
among infrastructure 
systems are defined at 
the component level

A Virtual Community: 
Interdependence among Infrastructure Systems
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A Virtual Community:
Interdependence among Infrastructure Systems

Emergency response center

§ Restoration of 
component function 
depends on:
§ Its damage
§ Resources needed for 

recovery 
§ Start and rate of its 

recovery
§ Availability of resources it 

needs to function:
§ A generator needs cooling 

water and communication
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A Virtual Community:
Interdependence among Infrastructure Systems

§ At each recovery 
time step, 
functionality of 
each component 
is established in 
an iteration 
designed to detect 
feedback loops
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A Virtual Community:
Post-Earthquake Recovery Simulation
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A Virtual Community:
Post-Earthquake Recovery Simulation
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A Virtual Community:
Effect of Interdependencies

Interdependencies increase LoR of EPS by 74%
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A Virtual Community:
Effect of Interdependencies

Interdependency increases community disaster risk exposure
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§ Sensitivity analysis:
§ Sobol index approach

§ Find which 
community 
infrastructure 
elements contribute 
the most to changes 
in community 
disaster resilience 
(or lack thereof)

A Virtual Community:
Investigation of Community Sensitivity
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§ Community risk is increasing:
§ Population growth
§ Productivity 
§ Innovation

§ Engineering resilient 
communities is a key element 
of societal risk governance
§ Re-CoDeS framework can be used for 

community resilience evaluation and 
design

Challenge:
Make Communities more Resilient 

https://www.nytimes.com/2019/07/16/opinion/smart-cities.html
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