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Hurricane Maria Program

Failure of power 
& communications

Landslides, road damage

Heavy rain,
flooding 

Rainwater intrusion in buildings
Building envelope damage

Wind measurements
on cell towers

Wind tunnel testing

Facility 
evaluations

Wind field modeling

Surveys & interviews



Hurricane Maria Program

2 Program Components
NCST Investigation NWIRP* Research Study

7 Technical Projects
Hazard

Characterization
Performance of 
Critical Buildings

Public Response 
to Emergency 

Communications

Morbidity & 
Mortality

Impacts to and Recovery 
of Infrastructure 

Systems

Recovery of Business 
and Supply Chain

Recovery of Social 
Functions

5 Major Contracts
Applied Research Associates University of Florida Stantec Consulting George Washington 

University Horsley Witten Group

Multiple Collaborating and Coordinating Agencies
FEMA NOAA HHS USGS NCDMHP PRDOH PRDOE PRDTOP PRASA PRFAA Many others…

1 Coordinated Program
*National Windstorm Impact Reduction Program5



NCST Investigation Goals and Projects

Performance of 
Critical Buildings

Goals are to characterize:
1. the wind environment and technical conditions associated with deaths and injuries;
2. the performance of representative critical buildings, and designated safe areas in those 

buildings, including their dependence on lifelines; and
3. the performance of emergency communications systems and the public’s response to 

such communications.
Projects:

Morbidity & 
Mortality

Public Response 
to Emergency 

Communications
Hazard 

Characterization
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NWIRP Research Study Goals and Projects
Goals are to characterize the impacts to and recovery of:

1. small and medium-sized manufacturers, businesses in retail and service industries, and 
supply chains;

2. education and healthcare services; and
3. infrastructure systems, with a focus on infrastructure that supports critical buildings 

(i.e., hospitals and schools) and emergency communications.
Projects:

Impacts to & Recovery of 
Infrastructure Systems

Recovery of Business 
& Supply Chains

Recovery of 
Social Functions
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Contract Contractor(s) Project(s) Supported

Wind Field Modeling Applied Research Associates • Hazard Characterization 
• Critical Buildings

Wind Tunnel Testing and 
Field Measurement of Winds

University of Florida
• WeatherFlow, Inc.

• Hazard Characterization 
• Critical Buildings

Engineering Services to 
Evaluate Critical Building 
Performance

Stantec Consulting Services, Inc.
• Virella Crespo & Associates (Mayagüez)
• University of Puerto Rico at Mayagüez

• Critical Buildings

Social Science Data Collection Horsley Witten Group, Inc.
• Eastern Research Group
• Issues and Answers
• Albizu University (San Juan)

• Emergency Communications 
• Recovery of Business
• Recovery of Social Functions
• Infrastructure Systems

Morbidity and Mortality 
Assessment

Milken Institute School of Public Health at 
George Washington University
• University of Puerto Rico Graduate School 

of Public Health
• University of Washington

• Morbidity and Mortality

Horsley Witten Group

Supporting Contracts

Stantec Consulting

GW/UPR
Source: Bernardo Hernández Prado
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Hurricane Maria Program Timeline

Feb: NCST Team established
May: Investigation plans 
presented to NCSTAC
Aug: Windshield survey 
across PR
Sep: Study regions established
Dec: Government shutdown 
(35 days)

2018 2019 2020 2021 2022 2023 2024

Jan: HW contract awarded
Feb: New investigation leadership
Mar: Stantec contract awarded
Mar: 2nd FEMA MOA established
Mar: Start of COVID-19 lockdown
Jul: GW/UPR contract awarded
Oct: Anemometers installed on cell 
towers in Yabucoa

May: Business surveys (450+)
Jun: Wind tunnel testing of 
hospitals (2)
Sep: Household surveys (1500+)
Sep: Next-of-kin interviews (400+)
Sep: Hurricane Fiona impacts PR
Nov: Household interviews (60)

Updates on 
subsequent 

slides

Feb: ARA contract awarded
Feb-Apr: Supporting contracts 
awarded
May: UF contract awarded
Jul: Initial wind-field model developed
Oct/Nov: Stakeholder outreach in PR
Nov: FEMA MOA established
Dec: Earthquake swarm began

Jan: Progress Report 
published
Feb: Drone photography of 
hospitals (2)
Mar: Wind tunnel testing of 
PR topographic models (2)
Jul: Information provider 
interviews (35)

Mar: Integrated mortality database
Apr: Hospital surveys (16)
Apr: Hospital interviews (30)
May: Shipping and transport 
interviews (30)
Jun: School surveys (300+)
Jul: Hospital (5) and shelter (5) 
evaluations

2017

Sep: Hurricane 
Maria made 
landfall in PR
Dec: Preliminary 
reconnaissance
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Disclaimers for Presentations

• These presentations describe preliminary data gathered to date as well as preliminary 
analyses of these data. Data and analyses are subject to change. 

• Once all data are finalized and analyzed, they will inform a broader understanding of 
Hurricane Maria’s effects on Puerto Rico and subsequent recovery – and NIST’s findings 
and recommendations.

• These presentations do not constitute NIST findings or recommendations.
• All survey and interview data collection included a consent process that specifies the 

allowable uses of data and protections of respondents. 
• Copyrighted content (such as photographs) appearing in these presentations is used with 

permission; reproduction, redistribution or reuse may require copyright holder 
permission, including for content with anonymous attribution/credit.

• Every reasonable effort has been made to identify copyright holders for content (such as 
photographs) appearing in these presentations. 

IMPORTANT: ALL DATA ARE PRELIMINARY
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Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

12



March 2024
NCST Advisory Committee Meeting: March 6-7, 2024
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March 2024
Wind-Field Model Dataset
• Published just prior to 

previous NCSTAC meeting
• 68 dataset downloads

(as of 9/11/24)
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Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

• Contractor reports on wind 
tunnel testing, emergency 
communications and 
recovery of business 
delivered

• Coordination with EL, DFS, 
and CTS leadership on report 
review process
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March/April 2024
Contractor Reports Delivered

PREDECISIONAL DRAFTS
16



Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

• Contractor reports on wind 
tunnel testing, emergency 
communications and 
recovery of business 
delivered

• Coordination with EL, DFS, 
and CTS leadership on report 
review process

• Stakeholder outreach activities 
in Puerto Rico

• Conference presentations
• Coding completed for Wave 1 

school and hospital interviews 
• Time-dependent rainfall model 

developed
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April/May 2024
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• April 29-30, University of PR- Río Piedras: NSF Rising Voices, Changing Coasts Hub Conference: 
Materializando la promesa de la ciencia de convergencia

• May 1-3, Joint Recovery Office, San Juan: Mitigation Framework Leadership Group Meetings and Site 
Visits

• May 2-3, San Juan: Puerto Rico IV Public Health Conference
• Meetings and site visits with cell tower repair companies, representatives of the Private 

School Association, PR Dept. of Health, and PR Dept. of Transportation and Public Works
• Interviews for documentary with NIST Video Team in Puerto Rico
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Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

• Contractor reports on wind 
tunnel testing, emergency 
communications and 
recovery of business 
delivered

• Coordination with EL, DFS, 
and CTS leadership on report 
review process

• Stakeholder outreach activities 
in Puerto Rico

• Conference presentations
• Coding completed for Wave 1 

school and hospital interviews 
• Time-dependent rainfall model 

developed

• Infrastructure interviews began
• FY25 program plan and budget 

request completed
• New NIST Technical Series for NCST 

and NWIRP reports approved
• Social media posts on hurricane 

preparedness
• Extensions for PREP Associates
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May/June 2024

Infrastructure 
Sector

Sample 
Frame

Interviews 
Completed

Water
(PRASA)

24 4

Community Water 
(non-PRASA)

19 6

Power 
(PREPA/LUMA)

24 0

Transportation 
(DTOP/PRHTA)

26 1

Infrastructure InterviewsTime-Dependent Rainfall Model
Total Rainfall

Onset Time

Onset Rate

Predicted cumulative rainfall 
for a given latitude/longitude 

𝑌𝑌 𝑡𝑡 =
𝐾𝐾

1 + 𝑒𝑒−𝐵𝐵(𝑡𝑡−𝑄𝑄)

PRELIMINARY ANALYSIS23

• Website used to provide respondents 
with study information

• Data collection began June 2024



June 2024

• National Construction Safety Team 
Grant/Contract Reports (NCST GCR) 

• National Windstorm Impact Reduction 
Program (NWIRP) Series

• National Windstorm Impact Reduction 
Program Grant/Contractor Reports 
(NWIRP GCR)
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Out Years
(tentative)
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New NIST Technical Publication Series Approved



Social Media Posts Related to Hurricane Preparedness

June 2024
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Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

• Contractor reports on wind 
tunnel testing, emergency 
communications and 
recovery of business 
delivered

• Coordination with EL, DFS, 
and CTS leadership on report 
review process

• Stakeholder outreach activities 
in Puerto Rico

• Conference presentations
• Coding completed for Wave 1 

school and hospital interviews 
• Time-dependent rainfall model 

developed

• Infrastructure interviews began
• FY25 program plan and budget 

request completed
• New NIST Technical Series for NCST 

and NWIRP reports approved
• Social media posts on hurricane 

preparedness
• Extensions for PREP Associates

• Report review matrix 
and timeline established

• Stakeholder outreach 
activities in Puerto Rico

• Conference presentations
• Contractor draft report on 

wind measurements in 
Yabucoa delivered
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• July 14-17, Broomfield, CO: Panel on sheltering guidance at 2024 Natural Hazards Workshop
• July 30, University of Birmingham, UK: Presentation on uncertainty quantification for CFD 

simulations at 9th International Colloquium on Bluff Body Aerodynamics and Applications
• Interviews in Puerto Rico for documentary with NIST Video Team

July 2024

27



Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

• Contractor reports on wind 
tunnel testing, emergency 
communications and 
recovery of business 
delivered

• Coordination with EL, DFS, 
and CTS leadership on report 
review process

• Stakeholder outreach activities 
in Puerto Rico

• Conference presentations
• Coding completed for Wave 1 

school and hospital interviews 
• Time-dependent rainfall model 

developed

• Infrastructure interviews began
• FY25 program plan and budget 

request completed
• New NIST Technical Series for NCST 

and NWIRP reports approved
• Social media posts on hurricane 

preparedness
• Extensions for PREP Associates

• Report review matrix 
and timeline established

• Stakeholder outreach 
activities in Puerto Rico

• Conference presentations
• Contractor draft report on 

wind measurements in 
Yabucoa delivered

• Contractor delivered hazard data linked to 
survey responses 

• GIS integration plan presented
• Stakeholder outreach plan for video 

products developed
• Emergency communications household 

survey data analysis completed 
• Tropical Storm Ernesto impacts PR
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1. Organize Needs identify overlap

2. Populate Lists maps, data, requests

3. Annotate Lists questions, links, metadata

4. Identify significant work items data development, analysis, 

5. Dependent data HC & RI datasets, boundary

6. Create map drafts rough w/ missing data noted, comment for revisions

7. Finalize templates / styles update drafts > feedback > revisions 

8. Finalize data update drafts > feedback > revisions

9. Finalize maps / report products revisions on revisions

10.Supporting products summary report, web & story maps

August 2024
Geospatial Integration Plan

29
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August 2024
Tropical Storm Ernesto impacts Puerto Rico

“…Ernesto caused damage in Puerto Rico and the U.S. Virgin Islands as it passed 
north of the region as a tropical storm, managing to knock out power to hundreds 
of thousands of residents. At one point, 23 hospitals were operating on 
generators. Schools and numerous roads were also closed. At the outage's peak, 
750,000 customers were without power, with rivers across Puerto Rico swollen 
after nearly 10 inches of rain.” Aug 22, 2024, NOAA NESDIS

Source: NOAA National Weather Service
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Wind measurements at 
Yabucoa cell towers:

85.4 mph

71.7 mph
68.1 mph

PRELIMINARY ANALYSIS
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Highlights of Progress Since March 2024
• NCSTAC meeting
• Contractor draft 

reports on Hurricane 
Maria and Fiona 
wind-field models 
delivered

2024 March April May June July August September

• Contractor reports on wind 
tunnel testing, emergency 
communications and 
recovery of business 
delivered

• Coordination with EL, DFS, 
and CTS leadership on report 
review process

• Stakeholder outreach activities 
in Puerto Rico

• Conference presentations
• Coding completed for Wave 1 

school and hospital interviews 
• Time-dependent rainfall model 

developed

• Infrastructure interviews began
• FY25 program plan and budget 

request completed
• New NIST Technical Series for NCST 

and NWIRP reports approved
• Social media posts on hurricane 

preparedness
• Extensions for PREP Associates

• Report review matrix 
and timeline established

• Stakeholder outreach 
activities in Puerto Rico

• Conference presentations
• Contractor draft report on 

wind measurements in 
Yabucoa delivered

• Contractor delivered hazard data linked to 
survey responses 

• GIS integration plan presented
• Stakeholder outreach plan for video 

products developed
• Emergency communications household 

survey data analysis completed 
• Tropical Storm Ernesto impacts PR

• Multiple contracts awarded
• Data for Wave 2 school 

and hospital surveys 
delivered

• Dataset from building wind 
load analysis delivered
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Status Contract Contractor(s) Project(s) Supported
Modifications
(3/2024, 8/2024)

Engineering Services to Evaluate 
Critical Building Performance

Stantec Consulting Services, Inc. • Critical Buildings

Modification
(5/2024)

Social Science Data Collection Horsley Witten Group, Inc.
• Eastern Research Group
• Issues and Answers
• Albizu University (San Juan)

• Emergency Communications
& all projects of NWIRP Research 
Study

New Contract 
(6/2024)

Continuation of Wind 
Measurements in Yabucoa

WeatherFlow • Hazard Characterization

New Contract 
(8/2024)

Stakeholder Outreach Support Strativia, LLC • All projects of NCST Investigation
& NWIRP Research Study

New Contract 
(9/2024)

Local Translation and Interpretation 
Services

Lighthouse Integrated Services 
Corp.

• All projects of NCST Investigation 
& NWIRP Research Study

New Contract 
(Evaluation in 
progress)

Outside NCST Member Support TBD • All projects of NCST Investigation 

New Contract 
(Award pending)

Technical Report Preparation TBD • All projects of NCST Investigation 
& NWIRP Research Study

Supporting Contracts: Updates
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• Terms extended for NIST Associates under Professional Research Experiences Program 
(PREP); new Associates selected to provide support for data analysis

• Three term employees supporting the HM Program departed NIST in the past year
• New federal term positions in progress for 1 Social Scientist or Engineer with GIS 

expertise and 3 Social Scientists to support Hurricane Maria and other NIST Engineering 
Laboratory Programs

• Additional staffing appointments via contract and IPA will provide continuation of subject 
matter expertise to support data analysis and report writing 

Staffing

Thomas KirschYunjae HwangKelly Anderson
Dereka Carroll-

Smith
Alizabeth Sánchez-

López

35
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• A portion of the $40M in additional funding received by EL is supporting 
extension of the HM Program to consider impacts of Hurricane Fiona, 
including: 
− Hazard Characterization: Assessment of the hazard, specifically wind and rainfall
− Critical Building Performance: Evaluation of Hurricane Fiona’s impacts on hospitals and 

shelters selected for evaluation in the Hurricane Maria NCST Investigation
− Recovery of Infrastructure: Assessment of impacts on infrastructure systems and their 

interdependencies (e.g., power, water, transportation) 
− Recovery of Social Functions: Evaluation of physical and non-physical impacts of 

Hurricane Fiona as well as effects on recovery from Hurricane Maria

• Supplemental funding is also planned to support implementation of 
recommendations from the Hurricane Maria Program

Disaster Resilience Supplemental Funding
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Hurricane Fiona Work

FY
26FY

25FY
24

Wind and rainfall 
data collection  
and modeling

Interview 
questions on 
Hurricane Fiona 
for selected  
critical buildings

Structured 
interview 
questions on 
Hurricane Fiona in 
final infrastructure 
instruments

Wave 2 school 
and hospital 
survey data 
collection 
complete

Focus groups 
organized by 
business 
associations 
and focused on 
resilience 
actions 
between Maria 
and Fiona

Analysis of 
Hurricane 
Fiona impacts 
for school and 
hospital 
organizations

Qualitative 
analysis of 
infrastructure 
interviews 

Qualitative 
content 
analysis of 
social media 
messaging for 
Hurricane 
Fiona

Preparation of 
reports related 
to Hurricane 
Fiona
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Expected Timeline: September 2024 Update

Phase 
1

• September 2017: Hurricane Maria occurs
• December 2017: Preliminary reconnaissance
• February 2018: Team established under NCST Act

Phase 
2

• May 2018: Initial briefing to NCSTAC on investigation plans
• February 2019 through September 2020: Supporting contracts awarded
• January 2021: Progress report published
• Data collection

Phase 
3

• Data analysis
• Development of findings and recommendations 

Phase 
4

• Draft final report written
• Internal and interagency review
• Draft final report released for public comment 

Phase 
5

• Final report revised
• Final report and associated data published

Fall 2024: Data analysis and 
draft reports complete

March 2024: NCST data 
analysis advancing, report 
writing well underway

Winter 2024/25: Internal review 
process underway

40

Winter 2025/26: Draft reports 
released for public comment



Examples:

Planned HM NCST Report Hierarchy

NCSTAR 4

Overarching Summary Report:
• Principal findings
• Recommendations

Level 1: Summary Report

NCSTAR 4-1

Hazard Characterization

NCSTAR 4-2

Performance of Critical 
Buildings

NCSTAR 4-3

Public Response to Emergency 
Communications

NCSTAR 4-4

Morbidity and Mortality

Level 2: Project Reports

NCSTAR 4-1A

Level 3: Supporting Documents

PRESENT CONCEPT, SUBJECT TO MODIFICATION

Appendix to NCSTAR 4-1

NCST GCR 4-1A

GCR: Grant/Contract Report
NCSTAR: NCST Act Report

41

The same structure is planned 
for NWIRP Reports.



Report Review Process

1. Program Review—program/ 
group/investigation leaders review 

for quality, ensure papers are ready 
for other reviewers

2a. Inside Division Review—non-
author team members review for 
technical and editorial quality and 

policy

2b. Outside Division Review—non-
team members external to Division, 

review for technical and editorial 
quality and policy

3a. Division Review—chiefs/ 
deputies or designees provide 
editorial, technical, and policy 

review, including certification of 
Homeland Defense Clearance

3b. Laboratory Review—directors/ 
deputy or designees primarily 

review for policy; secondarily for 
technical and editorial

3c. Legal Review—Chief Counsel or 
designees review for policy and 

legal

4a. ERB Sponsor Review—primarily 
reviews for policy and editorial; 
secondarily for technical review

4b. Interagency Review—agency 
stakeholders review for accuracy, 

compliance with authorities, and for 
concurrence of their role in 

recommendations;

5. ERB Committee Review—ERB 
Committee and Chair review for 

publication clearance

simultaneous

simultaneous

TECHNICAL

POLICY

Based on current NIST ERB processessimultaneous42



Anticipated HM Review Timeline

2024 2025 Jul - Sep

Draft complete

Drafts complete

Project Reports:

Apr - Jun Oct - DecOct - Dec Jan - Mar

Policy ReviewTechnical ReviewSummary Report:

Technical Review Policy Review
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Questions?

Joseph Main, Ph.D.
Team Lead

joseph.main@nist.gov

Maria Dillard, Ph.D.
Associate Team Lead

maria.dillard@nist.gov

www.nist.gov/topics/disaster-failure-studies/hurricane-maria  
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