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Known, quantifiable
threats
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Events 

Risk
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Outline
• Resilience vs Risk

• Known Threats vs Unknown Threats and Critical Functions

• System vs. Component

• Temporality

• Science of Resilience?
– Qualitative/Process

• Resilience Abilities

• Resilience Properties

– Quantitative
• Metrics

• Indices

• Matrix/Integration

• Network Science

• Resilience and Risk – Ways to Integrate

• USACE Approach
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Risk Assessment Formulation

Component vs. System
(inspired by Jamaica Bay, NY)

4

Calculate needed 
height of seawall or 
dune

Ocean

Bay

RA – Focus on Finding Weak Link: 

After Rosati et al., 2015
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Management at System Level

5

Stockpile of 
sand in case 
of breach

Living 
shorelinesReef to 

break 
waves

Consider climate change

Buried 
seawall

Raised 
infrastructure 

Ocean

Bay

Potential for 
breaching 
from bay

• Anticipate weak links and be ready to recover. Ex: sand to close new inlets.
• Provide diverse and redundant protection. Ex: buried seawall AND beach/dune system.

• Ensure availability of alternate networks. Ex: multiple electrical power circuits.

• Provide accessible information for rapid decision‐making. Ex: raised homes, 
evacuation routes

After Rosati et al., 2015

Critical Function – Stakeholder 
Engagement

 System has multiple functions, but not all of 
them are equally important
► Stakeholder elicitation is required

► Prioritization of project alternatives

► Values, preferences

► Public education

6
“We want to include you in this discussion without letting you affect it”
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Resilience: Political Importance and Challenge 

Executive Order: 
"resilience" means the ability 
to anticipate, prepare for, and 
adapt to changing conditions 
and withstand, respond to, and 
recover rapidly from 
disruptions. 

Unknown 
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Risk Assessment is 
one part of Resilience

Plan Ada
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Conseque
nce

Risk

After Linkov et al, Nature Climate Change 2014

Importance of Recovery
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c d

After Linkov et al, Nature Climate Change 2014

Traditional risk management focuses on planning and reducing 
vulnerabilities. Resilience management puts additional emphasis 
on speeding recovery and facilitating adaptation.
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Top-Down
Decision Analysis/Social Science

Bottom-Up
Risk Assessment/ Physical Sci

Goal Identification and Problem 
Framing

-

What are the goals, 
alternatives, and 

constraints?

Decision Model
-

What are the criteria and 
metrics, How do we  measure 

decision-maker values

Metrics Generation and 
Alternative Scoring

-

How does each alternative 
score along our identified 

criteria and metrics?

Data Collection
-

What are fundamental 
properties/mechanisms 

associated with each alternative? 

Physical/Statistical Model
-

What is the hazard?
What is exposure?  

Risk Characterization
-

What are the risks relative to a 
threshold? How do they compare 

to other alternatives?

Modeling

Data 
Collection

Management

Risk-Resilience Integration

Linkov et al., 2014

Resilience Abilities for an Organization 

After Hollnagel, 2011
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Resilience as a Process

Process for Social-Ecological Resilience

 Meant for resource management and 
planning stakeholders

 Workbook guides stakeholders through 
5 steps of resilience assessment:
► Defining your system

► Identifying alternate states and thresholds

► Evaluating dynamics based on system cycles

► Probing the system’s adaptability

► Planning interventions

 Qualitative resilience assessment helps 
to frame current state of system, 
identify desirability of possible changes 
in system states and functions, and 
determine disturbances of concern.

http://www.sustentabilidad.uai.
edu.ar/pdf/cs/practitioner_work
book_1.pdf
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Resilience as 3R, 4R, 5R…?

Resilience 
Metrics
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DHS Disaster Resilience Index

• Metrics in categories of : 
social, economic, 
institutional, 
infrastructure, and 
community.

• All categories equally 
weighted. 

• Regional assessment,            
county level resolution.

• Spatially reported results, 
comparative.

• All hazards assessment

• Demographic data as indicators of scale of vulnerability and 
resilience/ ability to recover quickly.

Cutter 2010

FEMA Disaster Resilience Index

• Strength of social systems

• Relative importance of community 
structures

• Rate general mitigation measures 
on level of effectiveness or 
feasibility to improve each 
community component

• Guidance on developing specific 
mitigation actions.

• Supplements: specific hazard 
probability, functional loss, and 
cost calculator; local all-hazards 
risk assessment http://www.dhses.ny.gov/oem/mitigation/documents/fema-local-

mitigation-handbook.pdf

• Community member awareness and vulnerability survey

• Potential hazard severity identification
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NOAA Community 
Resilience Index

• Identify past and expected storm 
strength for benchmark scenarios.

• Checklist of likely losses to critical 
infrastructure and facilities under 
each scenario.

• Expected level of recover in 1 
week.

• Business recovery, 

• Strength of social systems

• Existing plans and agreements

• Rank resilience in each category 
as High, Medium, Low. 

• No relative weights

• Local Government Use

• Specific to coastal storms

Nature Conservancy 
Coastal Resilience Mapping 
Tool
• ESRI powered geospatial analysis 

tool

• Pre-loaded map layers of relevant 
demographic and ecological data

• 4 apps available for decision making 
purposes

– Flood and Sea Level Rise (future projections)

– Habitat Explorer (weighing habitat importance)

– Community Planning (current data map layers)

– Future Habitat (projected marsh advancement)

• Local decision-makers and planners 
in coastal communities

• Used for land management and 
wetland preservation prioritization

http://maps.coastalresilience.org/ct/
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Weaknesses of Existing Methods

 Assessments built in ad-hoc manner based on 
specific expertise of agency.

 Most agencies efforts are not framed in context of 
larger system. These efforts are each components 
of the necessary changes.

 Assessments do not explicitly consider uncertainty

 Assume future impacts will reflect past impacts and 
that locations of past events will be equally 
important in future events.

 Tools largely assess vulnerability through risk 
metrics rather than assess resilience through 
capabilities to absorb, recover, and adapt.

Resilience Matrix Approach

Resilience Matrix: 
Analyze the functionality of each domain of the system across each stage
of the event timeline

• Uses general metrics for measuring relative system resilience

• Different from vulnerability assessment – threats unknown 

• Useful for identifying weak areas and prioritizing investment to 
improve overall resilience

From Linkov et al, Env. Sci. & Tech 2013
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Assessment using Decision Analysis

Use developed resilience metrics to 
comparatively assess the costs and 

benefits of different courses of action 

How it works: Project Evaluation

• Baseline assessment can be used to evaluate proposed 
projects Prepare Absorb Recover Adapt

Physical 71 16 60 10

Information 63 45 21 18

Cognitive 90 49 38 27

Social 82 54 12 52

43

Prepare Absorb Recover Adapt

Physical +10 +18 +9 +32

Information +8 +17

Cognitive

Social

Prepare Absorb Recover Adapt

Physical

Information +5 +15 +22

Cognitive

Social +3 +12 +21

Prepare Absorb Recover Adapt

Physical 81 34 69 42

Information 71 45 38 18

Cognitive 90 49 38 27

Social 82 54 12 52

Prepare Absorb Recover Adapt

Physical 71 6 60 10

Information 63 50 36 40

Cognitive 90 49 38 27

Social 85 54 24 73

Project 1 Project 2

51 47

*Projects may have (+) or (-) in other matrices
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Resilience Quantification 
through Network Science

Resilience Quantification

ܴ ൌ
ܵ௔௖௧௜௩௘

ܵ௔௖௧௜௩௘ ൅ ௜ܵ௡௔௖௧௜௩௘
26

►Based on NAS Definition

►Widely Applicable

After Ganin et al., Nature Scientific Reports, 2015
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Generalized Form of Resilience

System’s critical functionality (K)

Network topology: nodes (घ) and links (ख)

Network adaptive algorithms (ऍ) defining how 
nodes’ (links’) properties and parameters change 
with time

A set of possible damages stakeholders want the 
network to be resilient against ሺࡱ)

ܴ ൌ ݂ घ,ख, ऍ, ࡱ
27 After Ganin et al., Nature Scientific Reports, 2015

Case:Linux Packages 
Network

Subnetwork of Linux 
packages dependencies 
network (right) and 
resilience profiles (bottom) 
for guided and random 
attacks on nodes

28 After Ganin et al., Nature Scientific Reports, 2015
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Focal Report 7 by Manuel Suter (2011) on Resilience and Risk Management in Critical Infrastructure Protection Policy: 
Exploring the Relationship and Comparing its Use
http://www.css.ethz.ch/publications/DetailansichtPubDB?rec_id=2207

Risk/Resilience Integration?

Risk as Prepare/Absorb?

Prepare

Adapt

Absorb

Recover
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Unknown Risk Funct

Risk 
Time
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Policy and
Strategy of
Organization

Risk & 
Resilience

RISK 
manage-

ment

ISO 
3100

Work 
safety 
manage-
ment

ISO 
45001
(ex 
OHSAS 
18000)

Quality 
manage-

ment

ISO 
9001

Business 
conti-
nuity

ISO 
22301

Social 
respon-
siblity

ISO 
26000

New 
standard
s being 
prepapr

ed
e.g. 

Security 
manage-

ment

Internal 
control 
system

Laws, 
Protocols, 
...

Environ-
mental 

manage-
ment 
(LCA)

ISO 
14044

Environ-
mental 
manage-
ment

ISO 
14001

IT 
Security 
manage-
ment

ISO 
27000

ISO Guide 72:2001 Guidelines for the justification and development of management system standards

ISO/IEC Guide 51:1999 Safety aspects — Guidelines for their inclusion in standards (REVISION is currently in progress)

ISO Guide 73:2009 Risk management — Vocabulary

ISO 31000: Risk Management

(ISO 31004 – Guideance)

ISO 31010: Methods

Risk/Resilience Standards?

DIN-CWA 16649:2013 DIN-CWA 16649:2013 Risk & Resilience???
Courtesy of A.Jovanovic

Resilience: From Inspiration to 
Operation

34

Energy

Metric 1

Metric 2

Water

Metric 3

Metric 4

Waste

Metric 5

Metric 6

Metric 7

Alternative1

Alternative 2

Alternative 3

1. Inspiration 3. Operation 

Social
Physical 

Prepare   Absorb  Recover   Adapt

Physical
Information

Cognitive
Social

2. Framework (e.g., 
Resilience Matrix, Network 
Science
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nspiration: USACE Resilience Strategy

What is Resilience?
“the ability to anticipate, prepare for, and adapt to changing 

conditions and withstand, respond to, and recover rapidly from 
disruptions."  Executive Order 13653

Resilience in Action:  Plan, Absorb, Recover, and Adapt
······························································································ 

Why Resilience? 

Resilience is a proactive approach to reducing damages, 
preventing losses, and shortening critical recovery times 

USACE projects prevented $13 B of damages in 2013; average 
annual damages avoided, 2004-2013, is $48 B.

······························································································

USACE’s Approach to Resilience
Mainstream project lifecycle resilience enterprise-wide to  improve 

system and community resilience

Examples:  North Atlantic Coast Comprehensive Study

Naval Station Norfolk
······························································································

USACE Support to Community Resilience

With our partners, USACE  provides projects, resilience 
assessment tools, data, and other resources

Examples:  USACE Support to Silver Jackets

Studies & Projects in Jamaica Bay, NY Water Supply & 
Drought Contingency 

(picture: Folsom Dam, CA)

USACE Support 
to Silver Jackets

Mississippi River & Tributaries 
System 2011 Performance 

Naval Station Norfolk
Climate Change Study

New Orleans Hurricane Storm 
Damage Risk Reduction System

NACCS:  31,000 miles of 
coastline studied

Ford Island, Joint Base Pearl 
Harbor-Hiccam NetZero Site

Framework

36

 Tiered Framework

DS Cross Bay Bridge South

None
Minor
Moderate
Severe

99.9
.031
.014
.011

Predicted Tide (m)

-1.375 to -0.875
-0.875 to -0.375
-0.375 to 0.125
0.125 to 0.625
0.625 to 1.375

4.70
28.1
34.5
27.9
4.80

-0.119 ± 0.52

F CBB South

F
NF

 100
.018

DS Cross Bay Bridge North

None
Minor
Moderate
Severe

 100
.006
.003
.003

DS MPKWY BRIDGE

None
Minor
Moderate
Severe

 100
.020
.007
.005

PLANNING_UNITS

BCH
BPT
CAN
FBF
FRY
HWB
JFK
MHB
MLI
MPK
RKY
SML
SPC

0.77
1.49
11.0

   0
19.1
2.46
0.37
8.02
3.06
5.33
8.40
11.4
28.7

F CBB North

F
NF

 100
.004

F MPKWY BRIDGE

F
NF

 100
.009

BOUNDARY

North
Eas t
South
West

25.0
25.0
25.0
25.0

TT_INTERIMRES

0
1

.099
99.9

0.999 ± 0.031

UTIL_INTERIMRES

0
1

12.4
87.6

0.876 ± 0.33

BEACH_NOURISHMENT

Decrease
Status  quo
Increase

33.3
33.3
33.3

WETLAND_EXTENT

Status  quo
Moderate
Extens ive

33.3
33.3
33.3

TT_ROBUSTNESS

0
1

.098
99.9

0.999 ± 0.031

TT_ROBOBJ

0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
60 to 65
65 to 70
70 to 75
75 to 80
80 to 85
85 to 90
90 to 95
95 to 100

4.93
17.0
14.3
33.5
20.9
4.55
4.77
.008

   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0

16.6 ± 7.3

TRAVELTIME

0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
60 to 65
65 to 70
70 to 75
75 to 80
80 to 85
85 to 90
90 to 95
95 to 100

4.96
17.0
14.3
33.6
20.9
4.48
4.76
 0 +
 0 +
 0 +
   0

 0 +
   0
   0
   0
   0
   0
   0
   0

 0 +

16.5 ± 7.3

TT_RAPOBJ

None
> 3 months

99.7
0.27

TT_RAPIDITY

0
1

 0 +
 100

1 ± 0.0031

R_TT

None
> 3 months

 100
.015

WWTP

Rockaway
Coney Island
Ward 26
Jamaica

41.1
20.1
29.7
9.11

DS_WWTP

None
Minor
Moderate
Severe

98.5
0.46
0.66
0.40

WWPUMPS

Seagirt
Broad Ch
Bayswater
Paerdegat
Avenue M
Warnervi lle
Howard B
None

2.60
0.58
0.80
11.0
6.32
.057
2.46
76.2

DS_WWPMP

None
Severe

99.2
0.76

DS_SBSTN

None
Minor
Moderate
Severe

96.0
1.78
1.56
0.69

ELEC_SUBSTATIONS

Nepons it
Rockaway Beach
Arverne
Kings Plaza
Far Rockaway
Cedarhurs t
JFK Airport
Starrett City

2.30
15.0
4.32
21.5
18.6
0.90
0.85
36.5

SEVERITY

1
10
25
50
100
250
500
1000

81.8
12.5
3.05
1.33
0.76
0.30
0.13
0.13

7.01 ± 44

R_WWTP

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

99.5
0.11
.049
0.22
0.12
.040

0.207 ± 5.4

R_WWPMP

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

99.8
0.11
.038
 0 +
 0 +
 0 +

0.00209 ± 0.087

R_SBSTN

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

99.0
0.26
0.11
0.38
0.21
.069

0.358 ± 7

R_UTILITY

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

98.6
0.38
0.15
0.47
0.30
0.11

0.522 ± 8.7

F_WWPMP

F
NF

97.4
2.61

0.974 ± 0.16

F_SUBSTN

F
NF

97.7
2.26

0.977 ± 0.15

UTIL_RAPOBJ

None
< 1 Day
Days
Weeks
Months
> 3 Months

81.8
15.5
2.10
0.30
0.13
0.13

0.6 ± 9.1

FLOOR6

Below
Above

90.6
9.43

PUMP_GENERATOR

False
True

 100
   0

PCTRESDAM

0
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 1

97.0
0.76
0.73
0.63
0.44
0.27
0.21

0.00737 ± 0.053

UTIL_ROBOBJ

0.7
0.75
0.8
0.85
0.9
0.95
0.98
0.99

 100
   0
   0
   0
   0
   0
   0
   0

0.7 ± 0

RES_ROBUSTNESS

0
1

0.49
99.5

0.995 ± 0.07

RES_ROBOBJ

0
0.1
0.2
0.3
0.4
0.5
1

98.7
0.76
0.30
0.13
0.13

   0
   0

0.0023 ± 0.023

RES_PERF

0
1

1.38
98.6

0.986 ± 0.12

RES_RAPIDITY

0
1

2.60
97.4

0.974 ± 0.16

RAP_RES

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

97.0
0.38
0.90
0.72
0.51
0.52

1.67 ± 18

RES_RAPOBJ

None
< 1 Day
Days
Weeks
Months
> 3 Months

81.8
16.8
0.76
0.30
0.13
0.13

0.554 ± 9.1

EVAC_ORDER

None
Zone 1
Zone 2
Zone 3
Zone 4

   0
   0

 100
   0
   0

COMPLIANCE_RATE

0
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

   0
   0
   0
   0
   0

 100
   0
   0
   0
   0
   0

0.45 ± 0.029

RES_INTERIMRES

0
1

2.70
97.3

0.973 ± 0.16

POP_ROBUSTNESS

0
1

0.39
99.6

0.996 ± 0.062

POP_ROBOBJ

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1
1

0.13
0.13
0.30
0.76

   0
   0
   0
   0
   0
   0

98.7

0.99 ± 0.084

FRACT_POP_AT_RISK

0
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

83.8
14.0
1.22
0.62
0.20
0.11
.016

   0
   0
   0
   0

0.0117 ± 0.039

POP_INTERIMRES

0
1

0.39
99.6

0.996 ± 0.062

F_WATER

F
NF

90.6
9.43

0.906 ± 0.29

F_WW

F
NF

96.8
3.24

0.968 ± 0.18

UTIL_ROBUSTNESS

0
1

12.3
87.7

0.877 ± 0.33

UTIL_PERF

0
1

12.3
87.7

0.877 ± 0.33

UTIL_RAPIDITY

0
1

0.98
99.0

0.99 ± 0.099

RESILIENCE

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

14.0
   0
   0
   0
   0
   0
   0
   0
   0

86.0

0.824 ± 0.31

WEIGHTED_RESILIENCE

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

.024
   0

0.22
   0
   0

1.07
   0

12.7
   0

86.0

0.919 ± 0.089

DS Cross Bay Bridge South

None
Minor
Moderate
Severe

99.9
.031
.014
.011

Predicted Tide (m)

-1.375 to -0.875
-0.875 to -0.375
-0.375 to 0.125
0.125 to 0.625
0.625 to 1.375

4.70
28.1
34.5
27.9
4.80

-0.119 ± 0.52

F CBB South

F
NF

 100
.018

DS Cross Bay Bridge North

None
Minor
Moderate
Severe

 100
.006
.003
.003

DS MPKWY BRIDGE

None
Minor
Moderate
Severe
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.020
.007
.005

PLANNING_UNITS

BCH
BPT
CAN
FBF
FRY
HWB
JFK
MHB
MLI
MPK
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SML
SPC

0.77
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11.0

   0
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2.46
0.37
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5.33
8.40
11.4
28.7

F CBB North

F
NF

 100
.004

F MPKWY BRIDGE

F
NF

 100
.009

BOUNDARY

North
Eas t
South
West

25.0
25.0
25.0
25.0

TT_INTERIMRES

0
1

.099
99.9

0.999 ± 0.031

UTIL_INTERIMRES

0
1

12.4
87.6

0.876 ± 0.33

BEACH_NOURISHMENT

Decrease
Status  quo
Increase

33.3
33.3
33.3

WETLAND_EXTENT

Status  quo
Moderate
Extens ive

33.3
33.3
33.3

TT_ROBUSTNESS

0
1

.098
99.9

0.999 ± 0.031

TT_ROBOBJ

0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
60 to 65
65 to 70
70 to 75
75 to 80
80 to 85
85 to 90
90 to 95
95 to 100

4.93
17.0
14.3
33.5
20.9
4.55
4.77
.008

   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0

16.6 ± 7.3

TRAVELTIME

0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
60 to 65
65 to 70
70 to 75
75 to 80
80 to 85
85 to 90
90 to 95
95 to 100

4.96
17.0
14.3
33.6
20.9
4.48
4.76
 0 +
 0 +
 0 +
   0

 0 +
   0
   0
   0
   0
   0
   0
   0

 0 +

16.5 ± 7.3

TT_RAPOBJ

None
> 3 months

99.7
0.27

TT_RAPIDITY

0
1

 0 +
 100

1 ± 0.0031

R_TT

None
> 3 months

 100
.015

WWTP

Rockaway
Coney Island
Ward 26
Jamaica

41.1
20.1
29.7
9.11

DS_WWTP

None
Minor
Moderate
Severe

98.5
0.46
0.66
0.40

WWPUMPS

Seagirt
Broad Ch
Bayswater
Paerdegat
Avenue M
Warnervi lle
Howard B
None

2.60
0.58
0.80
11.0
6.32
.057
2.46
76.2

DS_WWPMP

None
Severe

99.2
0.76

DS_SBSTN

None
Minor
Moderate
Severe

96.0
1.78
1.56
0.69

ELEC_SUBSTATIONS

Nepons it
Rockaway Beach
Arverne
Kings Plaza
Far Rockaway
Cedarhurs t
JFK Airport
Starrett City

2.30
15.0
4.32
21.5
18.6
0.90
0.85
36.5

SEVERITY

1
10
25
50
100
250
500
1000

81.8
12.5
3.05
1.33
0.76
0.30
0.13
0.13

7.01 ± 44

R_WWTP

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

99.5
0.11
.049
0.22
0.12
.040

0.207 ± 5.4

R_WWPMP

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

99.8
0.11
.038
 0 +
 0 +
 0 +

0.00209 ± 0.087

R_SBSTN

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

99.0
0.26
0.11
0.38
0.21
.069

0.358 ± 7

R_UTILITY

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

98.6
0.38
0.15
0.47
0.30
0.11

0.522 ± 8.7

F_WWPMP

F
NF

97.4
2.61

0.974 ± 0.16

F_SUBSTN

F
NF

97.7
2.26

0.977 ± 0.15

UTIL_RAPOBJ

None
< 1 Day
Days
Weeks
Months
> 3 Months

81.8
15.5
2.10
0.30
0.13
0.13

0.6 ± 9.1

FLOOR6

Below
Above

90.6
9.43

PUMP_GENERATOR

False
True

 100
   0

PCTRESDAM

0
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 1

97.0
0.76
0.73
0.63
0.44
0.27
0.21

0.00737 ± 0.053

UTIL_ROBOBJ

0.7
0.75
0.8
0.85
0.9
0.95
0.98
0.99

 100
   0
   0
   0
   0
   0
   0
   0

0.7 ± 0

RES_ROBUSTNESS

0
1

0.49
99.5

0.995 ± 0.07

RES_ROBOBJ

0
0.1
0.2
0.3
0.4
0.5
1

98.7
0.76
0.30
0.13
0.13

   0
   0

0.0023 ± 0.023

RES_PERF

0
1

1.38
98.6

0.986 ± 0.12

RES_RAPIDITY

0
1

2.60
97.4

0.974 ± 0.16

RAP_RES

0
0 to 1
1 to 7
7 to 30
30 to 90
90 to 365

97.0
0.38
0.90
0.72
0.51
0.52

1.67 ± 18

RES_RAPOBJ

None
< 1 Day
Days
Weeks
Months
> 3 Months

81.8
16.8
0.76
0.30
0.13
0.13

0.554 ± 9.1

EVAC_ORDER

None
Zone 1
Zone 2
Zone 3
Zone 4

   0
   0

 100
   0
   0

COMPLIANCE_RATE

0
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

   0
   0
   0
   0
   0

 100
   0
   0
   0
   0
   0

0.45 ± 0.029

RES_INTERIMRES

0
1

2.70
97.3

0.973 ± 0.16

POP_ROBUSTNESS

0
1

0.39
99.6

0.996 ± 0.062

POP_ROBOBJ

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1
1

0.13
0.13
0.30
0.76

   0
   0
   0
   0
   0
   0

98.7

0.99 ± 0.084

FRACT_POP_AT_RISK

0
0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

83.8
14.0
1.22
0.62
0.20
0.11
.016

   0
   0
   0
   0

0.0117 ± 0.039

POP_INTERIMRES

0
1

0.39
99.6

0.996 ± 0.062

F_WATER

F
NF

90.6
9.43

0.906 ± 0.29

F_WW

F
NF

96.8
3.24

0.968 ± 0.18

UTIL_ROBUSTNESS

0
1

12.3
87.7

0.877 ± 0.33

UTIL_PERF

0
1

12.3
87.7

0.877 ± 0.33

UTIL_RAPIDITY

0
1

0.98
99.0

0.99 ± 0.099

RESILIENCE

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

14.0
   0
   0
   0
   0
   0
   0
   0
   0

86.0

0.824 ± 0.31

WEIGHTED_RESILIENCE

0 to 0.1
0.1 to 0.2
0.2 to 0.3
0.3 to 0.4
0.4 to 0.5
0.5 to 0.6
0.6 to 0.7
0.7 to 0.8
0.8 to 0.9
0.9 to 1

.024
   0

0.22
   0
   0

1.07
   0

12.7
   0

86.0

0.919 ± 0.089

After Rosati et al, 2015
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 Resilience PDT

 Goals and indicators of 
improvement

 Involvement and input 
from all major 
subordinate commands 
(MSCs)

Operations

• Living document to 
capture best 
practices and 
lessons learned

37

Quantification

Standardization

Visualization

Manage 
resilience?

• Not all 
problems 
need to be 
solved

• Systems 
approach & 
integration of 
communities 
is the key

Future: Evolution of Approaches for 
Flood Risk Management
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Framework –Science of Risk and Resilience

39

Top-Down
Resilience Assessment

Bottom-Up
Risk Assessment 

Goal Identification and Problem 
Framing

-

What are the goals, 
alternatives, and 

constraints?

Decision Model
-

What are the criteria and 
metrics? How do we  measure 

decision-maker values?

Metrics Generation and 
Alternative Scoring

-

How does each alternative 
score along our identified 

criteria and metrics?

Data Collection
-

What are the fundamental 
properties/mechanisms 

associated with each alternative? 

Physical/Statistical Model
-

What is the hazard?
What is the exposure?  

Risk Characterization
-

What are the risks relative to a 
threshold? How do they compare 

to other alternatives?

Modeling

Data 
Collection

Management

After Linkov et al., 2014

39

Future Meeting
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ESD provides a catalyst for 
research and innovation in 
cross-disciplinary and trans-
disciplinary methods of 
decision analysis, systems 
analysis, risk assessment, 
risk management, risk 
communication, policy 
analysis, environmental 
analysis, economic analysis, 
engineering, and the social 
sciences.


