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NIST Alternatives for Resilient Communities

(NIST ARC)

An interactive tool for
developing alternative sets of
actions that meet community
resilience and cost goals,
given hazard and
interdependency information,
and socio-economic data.

Harrison, K, Tl Faiz, Z Farahmandfar, S Crawford, and J. Loerzel. 2023. “NIST
Alternatives for Resilient Communities (NIST ARC) Software Tool: Mathematical
Programming Model.” Technical Note (NIST TN) NIST TN 2239pt1. National
Institute of Standards and Technology.

SIX-STEP PROCESS TO PLANNING FOR COMMUNITY RESILIENCE

FORM A COLLABORATIVE PLANNING TEAM

e |dentify leader
¢ |dentify team members

I  |dentify key stakeholders

UNDERSTAND THE SITUATION « 2_{

Social Dimensions

e Characterize social functions & dependencies
e |dentify support by built environment

e |dentify key contacts

Built Environment

e |dentify and characterize built environment

* |dentify key contacts

e |dentify existing community plans

Link Social Functions & Built Environment

e Define clusters

}3_) DETERMINE GOALS & OBJECTIVES
¢ Establish long-term community goals
e Establish performance goals ' ’

o Define community hazards

e Determine anticipated performance

e Summarize results
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Which flavor of math programminge Tradeoffs

Model i,
precision .!’ , Integer nonlinear m
Linear Integer Linear S Tt Metaheuristic
Programming Programming (ILP) (INLP) (e.g., genetic algorithm)
Solution time ! I
>

Solution

precision
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The resilience system

AL :

* How to...
* measure a community’s resilience?
simulate recovery?
model a change in a community’s resilience?
find a set of actions that meets resilience (and other) goals?

Focus here: Immense scale of the decision problem: near infinite combinations of
potential actions

Bridge
Created by Arthur Shlain



Timeline

l-i I\Iﬂ Long range planning
85 3303030 Incorporate CR
L ) research: Broader
W= Dynamics * Social Sci.  gystem
MP: sy * Building " Econ (e.g.,bus.,
Few  stock Critical Building L oan”Y schools)
H- Hazard risk . Risk pref
L+ Climate e o
Unc/ | n - | | | - Climate
Risk: Unc Prop. Paramranking  Fragilities Efficient sampling Scenario reduction Risk obj (collab) VOI Adaptation
Camp Fire
Haz/ Riverine flooding/Lumberton Seismic/Shelby Joplin SLR (FairF?ieId, CT) User-defined
Study: Hurr Maria
ARC/ Jupyter notebook Free/Open opttools Commun. Engagement  Usability changes Tool Integration Solution schemes
User
Products ARC MP  Uncertainty ARC documentation (TN) Lumb Wave 6 (TN chapter) ABM
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Presenter Notes
Presentation Notes
NOTES�Research novel scope, challenge, quality, and recognition (awards, invited keynotes, etc.)
Expertise of researchers as it pertains to your project
Facilities/resources (for us, this is DFS, CoE, etc.)
Dissemination - steps taken beyond publications to reach stakeholders and impact practice



Community Resilience Planning Problem
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Riverine Flooding Case Study (Lumberton)

Robeson County
North Carolina

Goals : e s
Community resilience planning considering: S
* Retrofit of buildings and critical - %

infrastructure : g
* Population dislocation and reoccupation =
e Recovery delays = T

Riverine flooding risk map
Sensitivity Analysis: Sample solution

Higher risk aversion & lower recovery delays in extreme scenarios

Average reoccupation time vs y
(Scenario similar to Hurricane Florence)
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O
Faiz, Tasnim Ibn, and Kenneth W. Harrison. 2024. “A Risk-Averse Stochastic Optimization Model for Community Resilience Planning.” Socio-Economic Planning Sciences 92 (April):101835. https://doi.org/10.1016/j.seps.2024.101835. =
e
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Faiz TI, Harrison KW.  A Decision-Making Framework for Maximizing Post-Hazard Accessibility to Essential Services. Institute of Industrial and Systems Engineers (IISE) Annual Conference, May 18-21


https://doi.org/10.1016/j.seps.2024.101835

Seismic Case Study (Shelby County)

Community resilience planning: ST -
* Retrofit of buildings and critical
infrastructure
* Allocation of incentives for retrofit and
insurance
e Population dislocation
* Injuries and fatalities T

* Healthcare accessibility

USGS earthquake frequency maps New Madrid Seismic Zone

Sensitivity of risk measure to risk weights Sample solution
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Faiz, T, KW Harrison, Z Farahmandfar. “Risk-Averse Community Resilience Planning Considering Retrofit and Insurance Incentives,” Structure and Infrastructure Engineering (Under review)
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Tornado Case Study (Joplin, MO)

Goal: Explore effective strategies for
reducing tornado risk, comparing
effectiveness of building retrofits,
tornado shelters, etc.

PRand VI =

Tornado Risk
I very High
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_ O

3 ey e

oplin, MO tornado

(2011)

Sensitivity to EF scenario and budgets
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Hughes, W., Faiz, T., Harrison, K. “An Optimization Model to Inform Alternatives for Resilient Communities for Tornado Retrofits” (In NIST review)
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Wildfire Case Study (Paradise, CA)

Goal: Improve community planning for wildland-
urban interface (WUI) fires through combinations
of building-level retrofits and landscape
management (e.g., prescribed burns)

USGS wildfire risk map Camp Fire (2018)
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Hughes, W., Faiz, TbUﬁg@t§ “An Optimization Model Combining Landscape Management and Building Retrofits to Improve Wildfire Resilience of Wildland-Urban Interface Communities”
(In NIST review)
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Sea Level Rise Case Study (Fairfield, CT)

Goal: Inform effective strategies for coastal .
community climate change adaptation through S (N
combinations of building retrofits, grey = sl
infrastructure (e.g., seawalls), and nature-based ._ PR
solutions. .

197 2000 2027 200 TS Hovemiter 2100

Flooding from
Hurricane Sandy

Projected sea level rise scenarios

Effects of varying budget and sea level 2025-2050 (7012)
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Hughes, W., Sanderson, D., Faiz, T., Harrison, K. “Optimizing Coastal Community Resilience to Sea Level Rise through Combinations of Gray and Green Infrastructure and Building Retrofit
Options” (In NIST review)
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Simple schematic shown previously
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