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_er of Excellence for Risk-Based Community Resilience Planning
Today’s Presentation

» State of the research in community resilience modeling and
measurement

* Need for field studies to provide input for data-driven
models — social science

* Web applications for partnerships to apply underlying

research algorithms in a way that is useful and usable for
communities
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_xcellence for Risk-Based Community Resilience Planning

A new kind of research is needed ...

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

CONSENSUS STUDY REPORT

“A new kind of research is needed that:

 can address the dynamic state of communities
and their changes in risk and resilience over
time, and

* can link information or data from disparate

. . *:) %ﬁﬂ .n
programs with each other and to community BUILDING AND MEASURING

COMMUNITY RESILIENCE \

Actions for Communities and the
Gulf Research Program

* link research, data, and information with Tk e Ay R, B Y,
decision making.”

resilience priorities, to ultimately

National Academies of Sciences, Engineering, and Medicine 2019. Building and Measuring Community Resilience: Actiops for
Communities and the Gulf Research Program. Washington, DC: The National Academies Press. https:doi.org/10.17226/25383.
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NS Center of Excellence for Risk-Based Community Resilience Planning

How can we move from research to practice?

Our desire to improve community resilience requires measuring what
we can and can’t see, touch, or feel

( =
| Modeling We must integrate physics- and process-based models with empirical data-
L\ driven models thereby combining components from and across disciplines
.
'mproving | We measure our models output and IF they represent something close

to reality, alternative actions and ideas can be explored, and
community resilience improved for future events

™ Y
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I NIST Center for Risk-Based Community Resilience Planning

NIST-CoE Community Resilience Overview

* Improve the performance of built environment for natural hazards at the community scale

* Characterize interdependencies between social, economic, and physical systems

* Develop science-based tools that communities can use to assess/improve their resilience

First 5 years (2015-2020) Second 5 years (2020-2025)

* Open-source inter-disciplinary computational * Measurement and decision science through IN-
environment (IN-CORE) to assess community CORE, including interdependencies, uncertainty,
resilience and support policies and decisions to intermodal systems, and risk-informed decision
advance communitv resilience goals. sunnort

Knowledge Creation ﬂ> Knowledge Implementation nand
grtHrtectureara Haraget et tools that support VOITaOUTrOTT, TTICTUUITg ITIteEgrateu udtdudses and
IN-CORE. longitudinal knowledge from field studies.

* Comprehensive set of testbeds and hindcasts to * Decision support and implementation of
validate IN-CORE. resilience science through technology transfer.
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NIST CoE Executive Team

Jong Lee
Task 1: Development of IN-CORE Platform
University of lllinois at Urbana Champaign

Dan Cox

Task 1: Development of IN-CORE Platform
Oregon State University

Shannon Van Zandt

Task 2: IN-CORE Outreach and Sustainability
Texas A & M University

Harvey Cutler

Task 3: Mitigation and Recovery
Colorado State University

Andre Barbosa

Task 4: Verification and Validation (V&V) of IN-
CORE

Oregon State University

Jamie Padgett

Task 5: Modeling of Complex Systems
Rice University

Paolo Gardoni

Task 6: Modeling of Interdependencies and
Propagation of Uncertainty

University of lllinois at Urbana Champaign
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T ist Center of xcellence for RiskBased Community Resilience Planning

NIST Collaboration Team

Community Resilience

Structures

Materials and Structural Systems

No pictured: 1
Christopher Segura




_er of Excellence for Risk-Based Community Resilience Planning
Stages of Resilience  aprocess!

Performance of Physical Infrastructure

* Functionality of Social and Economic
Institutions

* Impacts to Population

Time
1. Current state 2. Immediate damage 3-5. Recovery Stages
e Existing vs. Desired * Loss of Life/Injury * Social and Economic

Performance
* Dependencies

Physical Damage
Loss of Function
Decision Support

Repaired Damage
Recovered Functions
Decision Support

—

Resifience
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NIST Center for Risk-Based Community Resilience Planning

Begin by developing an integrated community model

Buildings...
o
. W)
Power..,_i“i g > '
Physical
. Water...
infrastructure
¢ Transportation... .
p 12Nk Social (e.g .
ol QO o h
2 ouseholds,
= 1—ON R |~ sl . . .
NO- O | T T O i e institutions)
: B o H caRo
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_xcellence for Risk-Based Community Resilience Planning

Resilience Modeling Environment

https://incore.ncsa.illinois.edu
https://github.com/IN-CORE/

Physical infrastructure
Economic health

Social services

IN-coRe Interdependent Networked- Community

Information science

Inundation Map

School Zones
Housing el

Business e

Interdisciplinary
recovery with fully

integrated supporting

databases

1 Damage and loss;
impacts of natural
hazards on
communities

Alternative actions '

to enhance community
resilience & inform planning

hindcadts and:
e :

— ™~ () . - -
Rjty"qess Email: resilience@colostate.edu http://resilience.colostate.edu
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_ Excellence for Risk-Based Community Resilience Planning

Measuring community resilience

Five areas of community stability

* Population

* Economics

* Social services

* Physical services
* Governance

)
}
2

15
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_ Excellence for Risk-Based Community Resilience Planning

Measuring community resilience

Five areas of community stability

* Population
* Empirically derived models provide the basis for household dislocation
* We can measure how many people remain '

We know if they are still in their home

We don’t know where they go when they leave

Difficult to measure
* Qutmigration, Inmigration

Masoomi, van de Lindt, and Peek (2019)

Sutley, E., Dillard, M., Hamideh, S., Peacock, W., Tobin, J., Peek, L., Seong, K., Barbosa, A., Tomiczek, T., van de Lindt, J., Gu, D. (2020)
-~ "Household Survey Instrument, January 19, 2018: Wave 2", in A Longitudinal Community Resilience Focused Technical Investigation of
Eels/i,"e.@sg- the Lumberton, North Carolina Flood of 2016. DesignSafe-Cl. https://doi.org/10.17603/ds2-db3h-gy28 16



https://nam01.safelinks.protection.outlook.com/%3Furl=https%253A%252F%252Fdoi.org%252F10.17603%252Fds2-db3h-gy28&data=02%257C01%257CJohn.van_de_Lindt%2540colostate.edu%257C392bfd3a27d94811698f08d8618ef052%257Cafb58802ff7a4bb1ab21367ff2ecfc8b%257C0%257C0%257C637366613912101893&sdata=9hpko4V%252BptYVCKFHnnob9XDtzEbwOvnpabP%252FLsuU09Q%253D&reserved=0

_ Excellence for Risk-Based Community Resilience Planning

Measuring community resilience

Five areas of community stability

e Economics

* Computable General Equilibrium (CGE) modeling
* Widely accepted as SOTA/SOTS
* Economic data is available at county levels

* What can we measure?
e GDP at community level
* Household Income (by subpop.)
* Unemployment
* Government tax revenues

Spending

— ™ Y
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NS Center of Excellence for Risk-Based Community Resilience Planning

Measuring community resilience

Five areas of community stability

* Social services

* Healthcare systems including hospitals, clinics,
long-term care facilities, dialysis centers

* School systems

* We have the ability to measure quantity but not
quality — after the fact

 We don’t know what we don’t know
(Christchurch, N2)

* Models are under development and need data

— ™ Y
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_of Excellence for Risk-Based Community Resilience Planning

Measuring community resilience

Five areas of community stability

* Physical services

* Measurement is used in design of engineered
systems

* True inter- and cross- dependencies is progressing
but standardization gaps; dependencies possible
* Measuring
* Buildings functional with dependency
* Percent buildings receiving water, electrical power

— ™ Y

Resilienc
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_ of Excellence for Risk-Based Community Resilience Planning

Measuring community resilience

Five areas of community stability

e Governance

* We know things like below matter

* Tenure of Leadership (mayor or city manager years served,
community council rate of turnover)

 Local government budget
* Budget to debt ratio

* BCEGS rating

* Bond rating

* But how can they be modeled ?

— ™ Y
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llence for Risk-Based Community Resilience Planning

Modeling community resilience

8b) Suite of n Policy 8c) Economic, Social & STOP - Adjust Community 5a) Community
Levers & Decision Physical Infrastructure Resilience Goals and/or Goals based on
Combinations (PD) Constraints Constraints and Restart Stability Metrics

NO
8a)
o i EE 7a) 6a)
%F:;ngnf?)? :’nz?/::t YES Optimization NO Sufficient Quality YES

: i
from Suite of n Still Possible?

Solutions Found?
Combinations
A
YES X
k=k +1 |T|mej=j+1ll NO j=m?
3a)
2b) Damage Functionality
v Models Models Record
- —rrt Quality
ommunity Description : " Solutions
; ey = 2c) Damage 1T 3b) Functionality of 44 State of Recovery for
= - to Physical > Physical Infrastructure Jommunity at Time =j

1a) Built Environment Infrastructure [

1b) Social Systems l l

1c) Economic Systems 30) CGE

c 3d) Social Scien@ - END - Visualization
2a) Hazard < Model Modules Ac‘:r;?rl'.ysllest: Dashboard for
Model P Decision Makers
{ START ;
3e) Direct and Indirect
Economic & Social Losses

Resilience |N-CORE
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8b) Suite of n Policy
Levers & Decision
Combinations (PD)

8c) Economic, Social &
Physical Infrastructure
Constraints

STOP - Adjust Community
Resilience Goals and/or
Constraints and Restart

Opt
Ne:

k=;+1

v

Initial Interdependent
Community Description
attime =0; PD =K

1a) Built Environment
1b) Social Systems
1c) Economic Systems

IN-CORE Feature 2: Resolution: Building- and

household-level resolution which enables
combining infrastructure and social science

algorithms for cross-disciplinary dependencies

IN-CORE Feature 3: Networked Systems: Water
networks and electrical power networks are

modeled at the component level thereby
providing linkage to household dislocation

—— e e -

to Physic;I

ﬁ-[ Phyéical Infrastru'cture I

I Clommunify at Time =j

v/

__y for

ellence for Risk-Based Community Resilience Planning

Modeling community resilience

5a) Community
Goals based on
Stability Metrics

Sufficient Quality
Solutions Found?

Infrastructure

2a) Hazard
Model

l

Chissar

Y

3d) Social Science
Modules

v

3e) Direct and Indirect
Economic & Social Losses

Analysis K
complete

YES

Record
Quality
Solutions

END - Visualization

Dashboard for
Decision Makers

- > ()
Resilience

IN- CORE
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xcellence for Risk-Based Community Resilience Planning

Modeling community resilience

8b) Suite of n Policy
Levers & Decision
Combinations (PD)

8c) Economic, Social &
Physical Infrastructure
Constraints

STOP - Adjust Community
Resilience Goals and/or
Constraints and Restart

Optimization to Select
Next PD for Analysis
from Suite of n
Combinations

8a)

NO

7a)

YES Optimization

|T|me'=j+1|l

NO

5a) Community
Goals based on
Stability Metrics

6a)
Sufficient Quality

YES

Still Possible?

Initial Interdependent
Community Description
attime =0; PD =K

2b) Damage
Models

3a)
Functionality
Models

2c) Damage

1a) Built Environment
1b) Social Systems
1c) Economic Systems

! START ;

to Physical

3b) Functionality of
Physical Infrastructure

Infrastructure

2a) Hazard
Model

l l

3d) Social Science
Modules

3e) Direct and Indirect
Economic & Social Losse

- > ()
!gfﬂﬂgﬂsg

IN- CORE

Solutions Found?

Tier 1: The research tools available within the IN-CORE
computational environment will be executed completely
within IN-CORE using libraries and plug-ins developed as

part of the CoE.

Analysis K

/END - Visualization

Tier 2: The research tools will run in IN-CORE but there is
the option to import data for the hazard portion of the

analysis, e.g. a wind field shape file from an outside
software (or other) source, overland surge flow from

ADCIRC, etc.




xcellence for Risk-Based Community Resilience Planning

Modeling community resilience

- S - - IN-CORE Feature 4: Functionality modeling: Models for functionality are
8b) Suite of n Policy 8c) Economic, Social & flexibl d b I T d .
Levers & Decision Physical Infrastructure SUIE el C2I [9E BEET CleminEte MIEites erepEneEmerss:
Combinations (PD) Constraints
]

8a)
Optimization to Select
Next PD for Analysis
from Suite of n
Combinations

k=k+1 |'r-mej=j+1l

2b) Damage

IN-CORE Feature 5: Advanced Economic Models: CGE models are used
including the ability to spatially link with physical infrastructure systems

IN-CORE Feature 6: Policy Portfolio: The availability of a policy portfolio,
including building codes, land use controls , land acquisition, and user-

1 Models defined options, that can be tailored to a community’s characteristics
Initial Interdependent and examined as "what if" scenarios
Community Description . : = : Solutions |
at time = 0; PD = K 2c) Damage —> 3b) Functionality of 4a) Sthte of Recovery for
to Physical Physical Infrastructure Comfnunity at Time =
1a) Built Environment
1b) Social Systems

l

Infrastructure l
3d) Social Science Analysis K END - Visualization

2a) Hazard Modules Dashboard for
let:
Model compiete Decision Makers
{ START ;
3e) Direct and Indirect

Economic & Social Losses

1c) Economic Systems

- > ()
Eﬂg}sg IN- CORE 24




xcellence for Risk-Based Community Resilience Planning
Explore Different Scenarios: Cost-Benefit but in terms of societal
benefits, costs, and resilience

8b) Suite of n Policy 8c) Economic, Social & STOP - Adjust Community 5a) Community
Levers & Decision Physical Infrastructure Resilience Goals and/or Goals based on
Combinations (PD) Constraints Constraints and Restart Stability Metrics

IN-CORE Feature 6: Policy
Portfolio: The availability of a
policy portfolio, including
building codes, land use controls

, land acquisition, and user-
defined options, that can be
tailored to a community’s
characteristics and examined as
"what if" scenarios




_xcellence for Risk-Based Community Resilience Planning

M od e I i n CG IN-CORE Feature 7: Optimization and Decision Support: Decision support on
g allocation of limited resources (budget, labor, etc.) towards mitigation and
recovery efforts to meet one or more objectives subject to community-
defined constraints

8b) Suite of n Policy 8c) Ec
Levers & Decision Physi
Combinations (PD) !

IN-CORE Feature 8: Robust Temporal and Spatial Analysis: IN-CORE enables
users the ability to timestep rather than using trajectories. This is necessary

)/’sa) o to consider the effects of policy options at key points in time during a

Optimization to Sel recovery simulation

—{ | Next PD for Analy:
from Suite of n

v P IN-CORE Feature 9: Suites of fragilities available including tornado wind and
k=k+1 flood fragilities
2b) Damag ) ( Functionality
v MOdﬁ'E/ Models Record
Initial Interdependent Quality
Community Description . : = Solutions
at time = 0; PD = K 2c) Damagé 3b) Functionality of 4a) State of Recovery for
to Physica Physical Infrastructure Community at Time =
1a) Built Environment Infrastrictuils
1b) Social Systems l l
1c) Economic Systems
3d) Social Science - END - Visualization
2a) Hazarg PN RS Dashboard for
Model compjete i
Decision Makers
{ START ;
3e) Direct and Indirect

Economic & Social Losses
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_of Excellence for Risk-Based Community Resilience Planning

Modeling community resilience: components

[ 5% '“ Individual Hazards

= Measurement science is implemented on a
platform called Interdependent Networked
Community Resilience Modeling
Environment (IN-CORE)

= |t incorporates a risk-informed approach to
decision-making that enables quantitative
comparisons of alternative resilience
strategies.

= On the platform, users can run scientific
analyses that model the impact of natural
hazards and study their impact on
communities to improve resilience.

Multiple and Competing
Hazards

= Long-term Resilience
Assessment

| Buildings

Ul Transportation networks

Water & Wastewater
networks

Energy networks

W Communication networks
1)
-

I¥¥ ] Social Systems
" Economic Systems

Optimization Strategies

Centerville
(EQ, Tornado)

n Seaside, Oregon
e (EQ, Tsunami)

M, Memphis, TN, MSA

=ais (EQ, Flood)

Joplin, Missouri

. - (Tormado)

@ Galveston, TX

4—"‘"‘ (Hurricane: Surge, Waves,
Wind)
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_ter of Excellence for Risk-Based Community Resilience Planning

Legend

Lumberton, North Carolina

[ Lumber River
[ Selected School Attendance Zone

Purpose: Focus on flood scenarios; damage,
disruption and recovery data collection for
housing, businesses, and schools;
community-level interdependencies.

Validate data collection and sampling processes, data structure
Inform data-driven recovery models and policy levers

Validate integrated engineering-social science models
Establish feedback loop with FEMA and the City

—

-~
Resilience
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_ter of Excellence for Risk-Based Community Resilience Planning

Lumberton

}}}}

* Inland city in Robeson County, North Carolina.
* Diverse population of approximately 21,000 people.

 Catastrophically flooded in 2016 by Hurricane Matthew and again in
2018 by Hurricane Florence.

* The Center has completed five waves of data collection in Lumberton
since October 2016.

* The intersection of physical and social vulnerability has been apparent
in the differential impact, disruption, and recovery progress measured
across housing, business, and education sectors.

29
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_f Excellence for Risk-Based Community Resilience Planning
Lumberton Field Study

* Each wave has specific objectives: to measure initial damage and disruption or
recovery progress, capturing interdependencies along the way.
* Survey the same businesses and households each time

* Perform interviews with key personnel at the schools, city, and state.

/ Hurricane Hurricane \
Matthew Florence "
> mo| Wavel Wave2 a smo. | Wave3c
P S | smo. )} WY LT
29 . mo.
i Lumberton Survey Timeline ! >
Ort. Dec. Jan. Sep. Mar.
2416 2016 2018 2018 2019
K Year 1 Year 2 Year 3 /

30
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—nter of Excellence for Risk-Based Community Resilience Planning
Lumberton Field Study Modeling

Models built from Field Study data Models validated with Field Study data

* Empirical building fragility models .
Population dislocation model .
Business interruption model .

Business recovery model (regression)

Housing recovery model (regression)

Public housing trajectory model
(regression) .

Residential flood-based damage states
Probabilistic building fragility models

Intrinsic functionality restoration
model

* Flood simulation model

Synthetic population model
Community sampling methodology
Housing recovery model (predictive)
Mitigation and policy levers

31



Lumberton Testbed for IN-CORE of Excellence for Risk-Based Community Resilience Planning

Community Model

Detailed information about the
buildings within and around the
Lumberton community was collected

Data was collected through a detailed
navigation of these building using
Google Street Map View

Spatial analysis of the collected
building data was conducted in a GIS
environment

,' 1-Building material \| ~
I 2-Number of stories
: 3-Building occupancy :
: 4-Building use I
I 5-Building archetype :
: 6-Foundation type :
I 7-First-floor elevation |
1 8-Ground elevation :
: 9-Building area :
I 10-Attached garages |
1

-~
| 11-Maintenance stat ”,{ /;"‘

\ us
M e i

— ™ ™ Omar M. Nofal, and John W van de Lindt. 2020. “Probabilistic Flood Loss Assessment at the Community Scale: A Case Study of 2016 Flooding in Lumbertorg,g\IC.”
Eles/lllg_l)‘cg Journal of Risk and Uncertainty in Engineering Systems, Part A: Civil Engineering, 6(2):1-15_https://doi.org/10.1061/AJRUA6.0001060



https://doi.org/10.1061/AJRUA6.0001060

Lumberton Testbed for IN-CORE r of Excellence for Risk-Based Community Resilience Planning

Vulnerability Model

* Portfolio of 15 building
archetypes was developed to
model the different building
occupancies

* These archetypes are
minimized such that they cou
represent a community with
acceptable accuracy

» These archetypes were
assigned to each building
within Lumberton

ﬁsiﬁ;np Omar M. Nofal, and John W van de Lindt. 2020. “Minimal Building Flood Fragility and Loss Function Portfolio for Resilience Analysis at the Community-Leyel.”
—\/""g Water, 12(8), 2277 https://doi.org/10.3390/w 12082277



https://doi.org/10.3390/w12082277

Lumberton Testbed for IN-CORE of Excellence for Risk-Based Community Resilience Planning

Vulnerability Model

» Asingle variable and multi-variate
flood fragility and loss analysis
methods are developed

* This was done be breaking down the
building into components

* The resulting component failure
matrix is used to develop a fragility
and loss function for the whole
building

34
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Lumberton Testbed for IN-CORE nter of Excellence for Risk-Based Community Resilience Planning

35

— ™ ()
Eﬂ?ﬂss




Lumberton Testbed for IN-CORE Excellence for Risk-Based Community Resilience Planning

Vulnerability Model
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Lumberton Testbed OIS Excellence for Risk-Based Community Resilience Planning

Vulnerability Model
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Lumberton Testbed for IN-CORE

Excellence for Risk-Based Community Resilience Planning

Vulnerability Model
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Lumberton Testbed for IN-CORE f Excellence for Risk-Based Community Resilience Planning

Vulnerability Model

oiie <o
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Lumberton Testbed for IN-CORE of Excellence for Risk-Based Community Resilience Planning

Vulnerability Model
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Lumberton Testbed for IN-CORE of Excellence for Risk-Based Community Resilience Planning

Vulnerability Model
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Lumberton Testbed for IN-CORE er of Excellence for Risk-Based Community Resilience Planning

Vulnerability Model
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Lumberton Testbed for IN-CORE Excellence for Risk-Based Community Resilience Planning

Vulnerability Model

43




Flood Damage a

ence for Risk-Based Community Resilience Planning

Community Modeling: Mapping of the 15 building archetypes

Algorithm

Res enf? Omar M. Nofal, and John W van de Lindt. 2020. “High-Resolution Approach to Quantify the Impact of Building-Level Flood Risk Mitigation and Adaptation Measures on Flood
—l/""g Losses at the Community-Level.” International Journal of Disaster Risk Reduction, 51, 101903




Flood Damage and Loss Analysis ance for Risk-Based Community Resilience Planning

Exposure Modeling

* The hazard map was then
overlaid with the community
model in a GIS environment
to identify the flood hazard

intensity at each building.

* Then, a risk analysis was
conducted using the
developed numerically flood

fragility functions.

Frch,
11§
(]2
- I=F

W
| B
B s
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Losses at the Community-Level.” International Journal of Disaster Risk Reduction, 51, 101903

f?ési?en? Omar M. Nofal, and John W van de Lindt. 2020. “High-Resolution Approach to Quantify the Impact of Building-Level Flood Risk Mitigation and Adaptation Measures on Flood




Flood Damage and Loss Analysis ellence for Risk-Based Community Resilience Planning
. C ity-Level Analysi Building-Level Analysis
Flood Damage/loss Analysis ommunity-Level Analysis

—T B

Read each building:
1-Hazard level (flood depth)
2-Building characteristics
3-Fragility/loss curves

Damage State
Mo
1
M
N:

—| Flooded buildings i = 1:n_|

Calculate building fragility P_DS
(Exceedance probability of DSs)
(pso] [ps1] (ps2] (s3] [ps4]

Probability of being in each

DS P in DS(i, 0:4)
Assign a DS for building i
Bldg DS (i) = max(P in DS(i, 0:4)
+

Calculate fragility-based losses

L=Y[pP_in_bDS(.DS).L,]

Vulnerability Model

Write the building
damage/loss shapefile

Probability of Exceedance

0

T2 3 4 s s 1 s 9w
\ Flood Depth (m) /

— — N~

Resi?en? Omar M. Nofal, and John W van de Lindt. 2020. “High-Resolution Approach to Quantify the Impact of Building-Level Flood Risk Mitigation and Adaptation Measures on Flood
—l/”"'g Losses at the Community-Level.” International Journal of Disaster Risk Reduction, 51, 101903




Lumberton Testbed for IN-CORE cellence for Risk-Based Community Resilience Planning

Vulnerability Model

s Building description
ype

One-story residential building on a
crawlspace foundation

One-story residential building on a slab-on-
grade foundation

Two-story residential building on a
crawlspace foundation

Two-story residential building on a slab-on-
grade foundation

Small grocery store/Gas station with a
convenience store

Super retail building (strip mall)

Small multi-business building

Super shopping center

Industrial building

>
S
(o]
= it

W o~ W W -

oyt
w3 o

QO00CCOCOGBGOCGOROO
s

0 One-story School
Two-story School
2 Hospital
“ Community center (church)

: Office building
B =mmmmm Warehouse (small/large box)

47
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Lumberton Testbed for IN-CORE xcellence for Risk-Based Community Resilience Planning

Mitigation Analysis

Matthew 2016 ¢ Florence 2018
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lﬁsiﬁgn? Omar M. Nofal, and John W van de Lindt. 2020. “High-Resolution Approach to Quantify the Impact of Building-Level Flood Risk Mitigation and Adaptation Measures on
—l/—-"g Flood Losses at the Community-Level.” International Journal of Disaster Risk Reduction._https://doi.org/10.1016/1.ijdrr.2020.101903
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Lumberton Testbed for IN-CORE e for Risk-Based Community Resilience Planning

Mitigation Analysis
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Water pumps (The impact of flood duration)
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* Flood fragility and loss curves were derived at different flood

duration to account for different water pumping scenarios.
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Mitigation Analysis

Community-level flood mitigation measures
1- Flood gates or temporary berms
» The impact of constructing flood gate or
temporary berm at critical locations was

investigated for the example community of

Lumberton.
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Mitigation Analysis

Community-level flood mitigation measures

2- Enhancing the current levee system

Elevation (m)

= Road embankment Jevel
—— Enhanced embankment Level

500 . 1000
Station (m)

Segment 2

Elevation (m)

(c)

600 1200

Station (m)

Segment 4
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Resilience
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Mitigation Analysis

Community-level flood mitigation measures

2- Using retention/detention system

+ The impact of using different retention
systems in terms of different locations, and

sizes was investigated.

* Additionally, a combination of using retention
system along with other mitigation measures
such as flood gate and enhancing the levee

system was also investigated.

* Other exposure and vulnerability mitigation

measures were also investigated.

Resilience
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Mitigation and Adaptation Analysis
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The Joplin Hindcast & Testbed as an Example of modeling community resilience

Building retrofit

Hazard event

Retrofit ,

Performance

Robustness

y
L.

— _e (\f Wang. W(L)., van de Lindt, JJW., Rosenheim, N., Cutler, H., Hartman, B., Lee, J-S, and Calderon, D. (2020). “Effect of Residential Building
Resilience IN - tonE Wind-Retrofit Strategies on Social and Economic Community Resilience Metrics”. Journal of Infrastructure Systems, In Review
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Background: City of Joplin, Missouri

Hazard (May 22, 2011 Tornado)
* EF5 multiple-vortex
» Fatalities: 161, Injured: 1150
* Costliest single tornado in US history
* US$2.8 billion

Built Environment
* Buildings ®
* Electric Power Network . )
e S Kansgs City “‘
gt : Ovmlnﬁupayh @ ‘5""':"‘”"‘ ) “‘
Socio-economics e ege? e
. - @ *
Population: 50,150 Higgaun
> Owner-occupied: 27,076 P A L
K . = Nationgl iomeat® ® L3 Shawnes i
» Renter-occupied: 21,086 e .""sw.%m_"_....----- etonalFore Joplin
 Housing units: 23,322 LU i | e . .
. parteni ‘ € — e — —_— MlSSOlll'l
» Owner-occupied: 11,389 @ -
> Renter-occupied: 9,471 & i S
> VaCal’lt 2,462 o) n \’\.'m;- Nationat RN o Jachoon

iq

drest 9

1]
3
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NIST Center for Risk-Based Community Resilience Planning

ARCHETYPE BUILDINGS

Building type Building description

T Res. wood bldg. - small rectangular plan - gable roof - 1 story
T2 Res. wood bldg. - small square plan - gable roof - 2 stories

T3 Res. wood bldg. - medium rectangular plan - gable roof - 1 story
T4 Res. wood bldg. - medium rectangular plan - hip roof - 2 stories
T5 Res. wood bldg. - large rectangular plan - gable roof - 2 stories
T6 Business and retail building (strip mall)

T7 Light industrial building

T8 Heavy industrial building

T9 Elementary / middle school (unreinforced masonry)

T10 High school (reinforced masonry)

L Fire 7 police station

L Vi Hosprtal

TT3 Community center / church

13 Government building

T15 -arge big-box

T16 Smmattbig-box

T17 Mobitehome

18 Sthoppingcenter

T19 Offtcebuitding
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I NIST Center for Risk-Based Community Resilience Planning
Functionality due to Physical Infrastructure Damage
Probabilistic; Uncertainty propagated fully through the analyses
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. (\f Wang. W(L)., van de Lindt, J.W., Rosenheim, N., Cutler, H., Hartman, B., Lee, J-S, and Calderon, D. (2020). “Effect of Residential Building 58

Wind-Retrofit Strategies on Social and Economic Community Resilience Metrics”. Journal of Infrastructure Systems.
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Research to practice: communities & i e

stakeholder engagement...

1
D THESITUATION  «2.{

* The NIST Community Resilience Planning >3
Guide

* NIST CR Playbook
* IN-CORE powers the analysis behind the _I—““”
playbook steps | o—

.'5.) PLAN PREPARATION, REVIEW, AND APPROVAL
* Community users can develop resilience * il b
plans & try alternative mitigation strategies .-

or policies

L]
PLAN IMPLEMENTATION <64

60
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_IST Center for Risk-Based Community Resilience Planning
Integrating the NIST CRPG Playbook With IN_CORE SIX-STEP PROCESS TO PLANNING FOR COMMUNITY RESILIENCE

’1.) FORM A COLLABORATIVE PLANNING TEAM

o |dentify leader

8b) Suite of n Policy 8c) Economic, Social & STOP - Adjust Community 5a) Community o Iidantify team members
tep 4 , .
Levers & Decision Physical Infrastructure Resilience Goals and/or Goals based on © dantify key stakeholders
1 Combinations (PD) Constraints Constraints and Restart Stability Metrics >

1
UNDERSTAND THE SITUATION (24

C Social Dimensions
88)  Characterize social functions & dependencies
1 « Identify support by built environment

Optimization to Select
Next PD for Analysis
from Suite of n

* |dentify key contacts

Built Environment

* identify and characterize built environment
* |dentify key contacts

* Identify existing community plans

Link Social Functions & Built Environment
* Define clusters

Optimization
Still Possible?

Sufficient Quality
Solutions Found?

YES

Q «
I k=k+1]

YES
Time =] + 1k N0 (= mo

r <%
@ DETERMINE GOALS & OBJECTIVES -
t ® Establish long-term community goals &-\
g 38) i © Establish performance goals \:)
Step 2 unctionality  Define community hazards 3 9
P Models o Datermine anticipatad performance w
Initial Interdependent > Stnmerics resuts =
Community Description e <4,
attime = 0; PD =K 2c) Damage —| 3b) Functionality of 4a) State of Recovery for =] PL‘_‘"{ZE:Z"Q?TE"T 1
- - : to Physical Physical Infrastructure Community at Time = j - — idaniity solisions
1a) BUl“I Environment Infrastructure * Develop implementation strategy
1b) Social Systems
1c) Economic Systems =

) —
3d) Social Science A END - Visualization Y
} 5 pLAN PREPARATION, REVIEW, AND APPROVAL
% @ AnaljsiK Dashboard for x

complete  Document plan and stratagy ®

Step 1 Decision Makers « Obtain feadback and approval
P START * Finalize and approve plan B AY
3e) Direct and Indirect o

o),

Economic & Social Losses

- —— - 1
\ P e PLAN IMPLEMENTATION @
&£ ‘k\ Bt AND MAINTENANCE i
. § * Execute approved solutions
-CORE web interface %, P
r. * Moadify strategy as needed
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Integrating the NIST CRPG Playbook with IN-CORE SR O ARG TR T

’1.) FORM A COLLABORATIVE PLANNING TEAM

® identify ieader

Qe

o * Idantify team members
e

o |dentify key stakeholders

L7 Onlabarviios Poiing + Form s Cullutoratore Panng Team: > EEB Wantify s Avssence Lasdur frv the Cammaniy

S B 1.
UNDERSTAND THE SITUATION (2.

Social Dimensions

® Characterize social functions & dependencies
« Identify support by built environment

e |dentify key contacts

Built Environment

o identify and characterize built environment

11 lowety Lasow

Caabin stive P

Batent Mazard Type

* |dentify key contacts
[P 3 Undwstancirng The Setushen IV 2 Detarmre Gaste & Otietios T * Identify existing community pians
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o o . porvey Opersh " ' ' ) o Summarize results
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g N3 oL [ . . 0 —— o Evaluate gaps

* |dentify solutions

anu-:;x‘-qmy S " “ 5 . * [evelop implementation strategy

01AL -

" ~
> PLAN PREPARATION, REVIEW, AND APPROVAL
o Document plan and strategy
:::mm.u 8 . g i * Obtain feedback and approval
* Finalize and approve plan
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* Execute approved solutions
* Evaluate and update
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I NIST Center for Risk-Based Community Resilience Planning
Prototype: Playbook Interactive Guide for
Community Resilience Planning

* Purposes of the development efforts
 Starting web application version of NIST CR Playbook
* Integration of NIST CR Playbook and IN-CORE
* IN-CORE use by communities via web application

* Prototype Developments
* Web user interface design of Playbook Interactive Guide for Community
Resilience Planning

* Integration of IN-CORE with the web application
* Prototype is functioning but not fully implemented

— ™ Y
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Prototype: Playbook Interactive Guide for
Community Resilience Planning

X Comm it Bone Hivw Guide o
Q Comminity Resitance Panning @ Community Resitence Pianaing w4
1 Form Callaborstive Pianning
Toam
RUN ARALYSIS
Understanding fhe Situation
Detormine Goals 8. Objectives ~ Title
Slgn ] oz
3-4 Ootormmeanticipates  Dwseription
parformance
Jophin tomado bukkiing damage
Forgut Passmard?
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......
[
r Sare e Sung 8
ard
tor tarmaco

— _e' .
Resilience 64




Playbook Interactive Gulde for
-~ Community Resilience Planning

Sign In

Plesse anter your credentials to proceed

Incorauser

Forgot Password?

Password

Don't have an account? Sign up
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Next Steps for the community App

e Continue to build out

* housing unit allocation analysis

e population dislocation analysis

e Add User interface and interaction for

e Step 3-1: Identify long-term community goal
* Step 3-2: Determine desired performance

goals for buildings and infrastructure systems -l—
* Any community, any tornado, e.g. Moore, § v
OK, could be modeled

PLAN DEVEL OPWENT
© Loty

Mty waden
Do

)

 ocament o a0 sksbogy
a

[ET p———

e Other hazards — flood and seismic

enmmd -
Resilienc
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_ter of Excellence for Risk-Based Community Resilience Planning
Where the rubber hits the road: policy

* Translation of good research to good practice requires stakeholder
engagement to

* Listen to what is needed by communities
* Enable useful and usable tools

* Provide visualization to explore outcomes effectively
* Improving resilience at the community level requires

* The ability to compare policy options using costs, direct and indirect
losses

* Measuring the effects on social institutions (e.g. schools, hospitals,
services)

— ™ Y
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Community Partnerships: A two way street

* Three initial communities:

e Joplin, MO
e Galveston, TX
e Salt Lake City, UT

* Three more planned
* Provide feedback on refinement of Web App for IN-CORE
* Team will model community and provide planning support

— ™ Y
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Some Expected (Hoped) Impacts to
Resilience Practice

* The ability to reasonably estimate the impact of a hazard on the
physical infrastructure, local economy, and social institutions and
services; before anything has happened, i.e. planning

* The ability to try “what if” scenarios and explore changes in design
codes, land use policy, capacity changes to institutions, etc.

* The ability to plan investment strategies over a longer time horizon
that typical

 Remember —resilience and therefore (even simulated) recovery is a
process!
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Conclusions

* Resilience analysis requires modeling from before, during, and
after a hazard event such as a flood, hurricane, or tornado;

physical and non-physical systems

* Practical application of theoretical resilience concepts to
facilitate actionable strategies requires partnerships,
communication, and useful and usable tools

* Challenges remain but with partnerships are solvable

— ™ )
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Some Big Challenges Remain

* Ensuring broad enough applicability of the tools, e.g. IN-CORE
web app

* Modeling common policy options effectively

* Enabling effective resilience metrics that can be measured and
are meaningful to communities

 What is optimal from an engineering and scientific standpoint is

NOT (necessarily) what is optimal for communities
* The reason for the partnerships
* Engage, listen, iterate!
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Thank youl!

The Center for Risk-Based Community Resilience Planning is a NIST-funded Center of Excellence; the Center is funded
through a cooperative agreement between the U.S. National Institute of Standards and Technology and Colorado State
University (NIST Financial Assistance Award Numbers: 70NANB15H044 & 70NANB20H008). The views expressed are those
of the presenters, and may not represent the official position of the National Institute of Standards and Technology or the US
Department of Commerce.

Numerous researchers with the Center of Excellence contributed to the contents of these presentations and a sincere thank
you is due to everyone affiliated with the Center for Risk-Based Community Resilience Planning.

A special thank you to Lisa Wang and Omar Nofal, Ph.D. students at CSU, for their contributions of the tornado and flood
example analysis and slides, respectively.

Special thank you to InteRaCT and FIU colleagues for arranging my seminar.
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