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Title and authors
NIST and research team members; Project Leader: Maria Dillard
The main objective is to test the ability of indicators to broadly estimate outcomes of community resilience

We focused on the fact that there are a lot of existing community resilience indicators
But there isn’t a lot of attention to validate these indicators, or validations are limited
We’ve really been trying to push the bar on this because we see the resilience frameworks increasingly being used to make bigger and bigger decisions 
and potentially as it starts to become a component of grant funding criteria and assessments and of other types of evaluations, and decision-making in various scales
We really want to support this with things that we know to perform particularly well

Session title: Community Level Hazard and Resilience Modeling
Day & Time: Thursday, Nov 16 | 10:15am-11:45 am
Room: Potomac 4


NIST Project on

Community Resilience Measurement

Objective - To develop and disseminate a
database of county level community resilience
indicators, an inventory and analysis of
published frameworks and indicators, and
scientifically grounded guidance necessary to
guantitatively assess community resilience over
time for the nation, based on a suite of
community resilience indicators that account for
meaningful aspects of physical, social, and
economic systems.
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Systems-based Community Resilience Assessment Methodology –The final methodology will include the following: selected priority indicators, the analytical approach(es) for computing each indicator over time in a relevant manner for at least one spatial scale, best practices for how the approach can be replicated for different spatial scales, public data sources for all indicators, data visualization for the indicators via the NIST TraCR tool, multivariate analyses to examine relationships between indicators, sensitivity and uncertainty analysis, and validation studies.



Assessment Methodology

Foundational
Products

NIST Technical Note 2172

A Review of Community Resilience
Frameworks and Assessment Tools:
An Annotated Bibliography

(Walpole et al., 2021)

Resilience
Outcomes for
Validation
Testing
(under review)

Validating
Existing
Resilience
Frameworks
(in progress)

(Gu et al., 2023)

(Gu et al., 2024)

(Gu et al., 2024)

(Loerzel et al., 2021)

Content
Validity
(under review)

Quality of
Evidence
(in progress)

Criterion
/ Validity
Indicator
Selection and
Validation
\ Translational
Validity
In Progress

Completed

(Gerst et al., 2024)

(Gerst et al., 2024)

(Gerst et al., 2024)



Presenter Notes
Presentation Notes
This diagram offers an overview of the foundational products, which provides tools, metrics, and guidance for the measurement of baseline resilience and changes in resilience over time.
Indicator Inventory: Identify an inventory and analysis of published frameworks and indicators 
TraCR: Develop and disseminate a database of county level community resilience indicators
Indicator Validation: Establish scientifically grounded guidance necessary to quantitatively assess community resilience over time for the nation, based on a suite of indicators that account for meaningful aspects of physical, social, and economic systems

Many CR measurement methodologies exist, but few well established and validated quantitative methodologies
Community resilience will be advanced by establishing a more comprehensive, integrated suite of metrics across the subsystems that remain meaningful in the absence of a disaster
The methodology will ultimately be coupled with a community-scale analysis tool to provide a means of evaluating decisions for their contribution to community resilience.

Iterative process
E.g., develop TraCR data based on the qualitative research; physical CR indicators
E.g., Priority indicators based on both quantitative and qualitative methods
TraCR interactive: work with the IT division
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Presentation Notes
This diagram offers an overview of the foundational products, which provides tools, metrics, and guidance for the measurement of baseline resilience and changes in resilience over time.
Indicator Inventory: Identify an inventory and analysis of published frameworks and indicators 
TraCR: Develop and disseminate a database of county level community resilience indicators
Indicator Validation: Establish scientifically grounded guidance necessary to quantitatively assess community resilience over time for the nation, based on a suite of indicators that account for meaningful aspects of physical, social, and economic systems

Many CR measurement methodologies exist, but few well established and validated quantitative methodologies
Community resilience will be advanced by establishing a more comprehensive, integrated suite of metrics across the subsystems that remain meaningful in the absence of a disaster
The methodology will ultimately be coupled with a community-scale analysis tool to provide a means of evaluating decisions for their contribution to community resilience.
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E.g., Priority indicators based on both quantitative and qualitative methods
TraCR interactive: work with the IT division
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The Community Resilience Indicators Inventory contains indicators and measures from existing frameworks and methodologies
To be analyzed to identify consensus indicators for initial testing
To serve as a resource for communities searching for other methods






Research Infrastructure for

Communit

Resilience Measurement Science

NIST GCR 15-1010

Critical Assessment of Existing Methodologies
for Measuring or Representing Community
Resilience of Social and Physical Systems

Prepared for
U.S. Department of Commerce
Engineering Laboratory

Volume 126, Article No. 126031 (2021) hips://doi.org/10.6028 res. 126.031
Journal of Research of the National Institute of Standards and Technology

An Analysis of an Inventory of Community
Resilience Frameworks

Jarrod Loerzel and Maria Dillard

National Institute of Standards and Technology,
Gaithersburg, MD 20899, USA

jamod loerzel@nist gov
maria.dillard@nist gov

NIST GCR 16-001 Dats DO s o

Key words:

Aceepted: August 20,2021

A Conceptual Framework for Assessing Pl ot 021

Resilience at the Community Scale

Willie May, Under Secretary

Willie May, Under S¢

U.S. Department of Commerce

hitps//doi org/10.6028/es. 126,031

Prepared for 1. Summary

NIST GCR 17-013

Further Development of a Conceptual
Framework for Assessing Resilience at the
Community Scale

Prepared for

U.S. Department of Commerce

Engineering Laboratory

National Institute of Standards and Technology
Gaithersburg, MD 20899

By

Alexis Kwasinski

University of Pittsburgh
Joseph Trainor

University of Delaware

Royce Francis

George Washington University
Cynthia Chen

University of Washington
Francis M. Lavelle

Applied Research Associates, Inc.

This publication is available free of charge from:
https://doi.org/10.6028/NIST.GCR.17-013

July 2017
ENTOF o,

& "
& %
& %
* *
% S

STares of

U.S. Department of Commerce
Wilbur L. Ross, Jr., Secretary

National Institute of Standards and Technology
Kent Rochford, Acting NIST Director and Under Secretary of Commerce for Standards and Technology

* finitions [1-8], the Nati

e adopted the definitior
that resilience is "the a
1d and recover rapidly
the way in which resil
ed on community-leve]
developed and examing

fo connect concepts of
neept of resilience. The
a decision support oo
ity Resilience Program
the theoretical approac
s among the framewor
ence frameworks,

+of an inventory of 56
¢ inventory data was ct
orks as well as the cate
e results of the categor
lis of the categorizatio
easures used in the 56

1
LoerzelJ, Dillard )
ommunity Resilience Frame

NIST Technical Note 2172

A Review of Community Resilience
Frameworks and Assessment Tools:
An Annotated Bibliography

Emily H. Walpole

Jarrod Loerzel

Maria Dillard

Materials and Structural Systems Division
Engineering Laboratory

‘This publication is available free of charge from:
hitps://doi.org/10.6028/NIST.TN.2172

August 2021

wror
O Oy,

7,
&

"
Wiea ,

o * g,
M,

Ll ¢
S7ares of

U.S. Department of Commerce
Gina M. Raimondo, Secretary

National Institute of Standards and Technology
James K. Olthoff; Performing the Non-Exclusive Functions and Duties of the Under Secretary of Commerce
Jfor Standards and Technology & Director, National Institute of Standards and Technology

Several bodies
of work are part
of the critical
foundation of the
validation
methodology
phase

These include
early work to
create a
conceptual
framework,
review of
existing
frameworks, and
analysis of the
indicator
inventory


Presenter Notes
Presentation Notes
The first one is reviewing previous frameworks and identifying the inventory of indicators
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TraCR Database Development
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TraCR Contains social, economic, and physical system variables likely to be of value for community resilience measurement 
To be used in indicator development and testing
[Future] To be used to deliver selected indicators to communities
The TraCR database will be developed in phases. At the completion of each phase, an updated version will include new components for selected geographies; options for indicator weighting and visualizing results are being built out. The first version of the TraCR database is expected to be released to the public in FY25.
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This diagram offers an overview of the foundational products, which provides tools, metrics, and guidance for the measurement of baseline resilience and changes in resilience over time.
Indicator Inventory: Identify an inventory and analysis of published frameworks and indicators 
TraCR: Develop and disseminate a database of county level community resilience indicators
Indicator Validation: Establish scientifically grounded guidance necessary to quantitatively assess community resilience over time for the nation, based on a suite of indicators that account for meaningful aspects of physical, social, and economic systems
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Iterative process
E.g., develop TraCR data based on the qualitative research; physical CR indicators
E.g., Priority indicators based on both quantitative and qualitative methods
TraCR interactive: work with the IT division


Translational Validity Workstream

Establishes link between observations and theory
Taken at ‘face value’, are indicators interpretable?

Is content appropriate, such that no extraneous indicators are included
and no important items are excluded?

* Most studies engage in face validity, which is weaker than content
validity
« Content validity is usually established by literature review or

comparison of common indicators, which is a weaker method for
assessing content

* Given that more robust methods, such as expert panels, are more
resource intensive, we are developing methods to strengthen
review techniques
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Developers of community resilience assessment frameworks usually take different approaches in the construction of their frameworks, depending upon community needs, the hazard of interest, the spatial resolution required, and data availability. As a result, there are a wide variety of indicators used in assessment frameworks, with little guidance to reconcile different indicator uses. This lack of guidance can hinder the transparent choice of indicators and obscure areas that are in particular need of development. 

Using methods from program evaluation and vulnerability and resilience research, the indicators from the frameworks were categorized into sixteen system types (e.g., community, economy, water, housing, food, education) and eleven system attributes (e.g., process, expenditure, exposure, impact). 

We found that while all the frameworks contained two or more indicators of the community system type, a majority had few indicators in water, transportation, energy, communication, infrastructure, or building systems. 

HEAT MAP: Fewer attributes per framework in the system types within the green rectangle.
GRAPH: Apart from transportation, all the system types are found in the lower left. This tells us …
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Studies rely on relatively weaker forms of evidence: synthesis as opposed to empirical studies
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This diagram offers an overview of the foundational products, which provides tools, metrics, and guidance for the measurement of baseline resilience and changes in resilience over time.
Indicator Inventory: Identify an inventory and analysis of published frameworks and indicators 
TraCR: Develop and disseminate a database of county level community resilience indicators
Indicator Validation: Establish scientifically grounded guidance necessary to quantitatively assess community resilience over time for the nation, based on a suite of indicators that account for meaningful aspects of physical, social, and economic systems

Many CR measurement methodologies exist, but few well established and validated quantitative methodologies
Community resilience will be advanced by establishing a more comprehensive, integrated suite of metrics across the subsystems that remain meaningful in the absence of a disaster
The methodology will ultimately be coupled with a community-scale analysis tool to provide a means of evaluating decisions for their contribution to community resilience.

Iterative process
E.g., develop TraCR data based on the qualitative research; physical CR indicators
E.g., Priority indicators based on both quantitative and qualitative methods
TraCR interactive: work with the IT division


Comparison of our indicator validation efforts
(Row D) to previous resilience studies, which are
grouped into Rows A, B, and C, shown in
structural equation format.

The vertical dotted line delineates whether
studies consider independent and/or dependent
latent (oval) and measurable (rectangle)
variables.

Key: P = predictive indicator, PF = predictive
factor, Pl = predictive index, RBI = resilience
baseline index, B = baseline indicator, RBF =
resilience baseline factor.
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Row A: The preference for reliability assessments overshadows the empirical validation of indicators, which is crucial for ensuring the credibility of community resilience frameworks.
Row B and C: Previous disaster-induced community resilience studies tested a type of criterion validity through multivariate regression models using a small set of dependent variables measuring disaster damage and losses (Row B), and comparing composite and latent variables (Row C). The baseline assumption is that communities with high-level resilience are able to mitigate negative impacts, such as damage to buildings and fatalities, from disaster events.
Row D: The current study proposes a process to select and test longitudinal community outcomes as potential dependent (i.e., benchmark) variables adopting operationalization methods used in regional economic resilience studies.
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Row C; our previous study

We developed a simplified example of a validation assessment method with respect to the multi-dimensional concept of community resilience
Structural equation modeling allows combining indicators as a hypothetical construct, a latent variable, and testing relationships through a system of equations.

We used population change and life expectancy variables to form a latent dependent variable, an outcome of community resilience
The scatter plot shows how the latent community resilience variable predicted the latent dependent variable, compared to the cluster analysis result.
Please note that this is our first step to validate a small selection of “commonly used indicators” using another set of dependent variables that leans heavily on literature review.


Outcome Indicators
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We have collected 14 longitudinal variables and about 1,000 counties with one disaster event for each available observation period. Using the estimated community resilience outcomes, our goal is to establish a standardized and replicable community resilience benchmark to test baseline indicators.

We tested three outcome categories to allocate initial impacts and following recovery trends: resisted, recovered, and not recovered
Here is an example: the figure shows relative population changes in three counties during the seven years of observation periods (two years before the event and five years after the event)
A community such as Washington County, Wisconsin (this green line), can resist the negative impact of a disruption event. If a community does not resist, an impacted community can be recovered within a certain period, such as in Orange County, Texas compared to the not recovered community, Windsor County, Vermont.


Outcome Indicators
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A map derived from the generalized SEM–latent trait score.
The latent trait score offers a continuous measure that can be used to quantify the levels of community resilience outcomes for input to further analyses 
Higher latent trait scores indicate better community resilience, and the map categorized the latent trait scores into four quartiles: first quartile (Q1, dark blue, low resilience), second quartile (Q2, blue, medium-low resilience), third quartile (Q3, light blue, medium-high resilience), and fourth quartile (Q4, green, high resilience). 
Controlling for disaster damage and local context, the estimated result can be used as a benchmark for finding factors that determine resilience outcomes by comparing communities that have experienced similar disasters and communities with different baseline resilience characteristics.
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NIST EIER

NIST RESEARCH LIBRARY

> Science based guidance on

:;;::;:::m;f:uh © NIST SpeCial Publication Subseries development and validation
NIST Publications Descriptions testing of indicators

Journal of Research of

NIST

NIST Library Search SP 2300: Resilience Indicator Development and Best Practices
NIST Museum and
Archives Developed in May 2023

(Publications forthcoming as of June 6, 2024)

This technical subseries will be used to document the resilience indicator development methodologies used by the NIST
Community Resilience Program and highlight the best practices for the development, selection, testing, and validation of
resilience indicators for inclusion in a framework to assess community resilience. The methods used to assess, test, and validate

resilience indicators detailed in this special publication subseries are based on the extensive research and experience of NIST
researchers.
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