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I. INTRODUCTION AND CENTER OVERVIEW   
 

This report provides a description of the activities and accomplishments of the Coastal Resilience Center of 
Excellence (CRC) during Year 7 of the Center’s operations, covering the reporting period July 1, 2021 to June 
30, 2022.  

Report Structure 
 
The first section of this annual performance report summarizes the administrative/management structure of the 
CRC, followed by a description of selected activities that were undertaken at the Center level during Year 7, 
including supplemental studies and ongoing program activity. 
 
Following the summary is a section containing individual progress reports from each of the CRC PIs. The CRC 
provided a template to assist PIs describe in detail their research and education activities; progress in achieving 
project milestones; efforts toward transition of project outputs; interactions with end-users and stakeholders; 
and student activity. In addition, the template included a customized chart for each PI to report on project 
metrics for Year 7. These metrics are reported in the aggregate to DHS OUP each calendar year.  
 
CRC Project Composition  
 
During Year 7 CRC managed a total of 17 core projects and four supplemental projects carried out by partners 
from 14 universities, one college and two private-sector firms. Six of the core projects focused on enhancing 
and institutionalizing education and workforce development programs at partner institutions. The remaining 
CRC projects focused on research in coastal hazards modeling, infrastructure, planning, and social and 
behavioral sciences. CRC partners were located in 11 U.S. states and one U.S. territory. Among the CRC 
partners, three are classified as Historically Black Colleges and Universities (HBCU’s) and two are classified as 
Hispanic Serving Institutions (HSI’s), including the recently designated University of Texas - Austin.  
 
Summary Statistics  
 
CRC PIs made steady progress in their projects during Year 7, as demonstrated by the following aggregated 
figures (figures include items described in both core and supplemental projects): 
 

• PIs reported teaching 46 courses with an enrollment of 320 students across six campuses, including 
class offerings in multiple categories, such as majors, minors, concentrations, certificate programs, 
seminars, and electives.  
 

• The percentage of minority students enrolled in CRC courses ranged from 33% to 100%. 
 

• 32 students were actively involved in CRC research projects. 
 

• Students were engaged in 4 internships and fellowships related to Homeland Security. 
 

• 30 students received Homeland Security-related degrees, nearly half of which were at the graduate 
level.  
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• 27 students secured employment in Homeland Security-related fields. 
 

• 48 journal articles and other types of publications were submitted and/or published. 
 

• PIs gave more than 83 project-related presentations in a variety of settings, including professional 
conferences, visiting lecture series, panel discussions and outreach events, among others. 
 

CRC Administration and Management 
 
The following organizational chart depicts the structure of CRC administration and management during Year 7. 
Executive Director Thomas Richardson, Education and Workforce Development Director Dr. Robert Whalin, 
and Administrative Assistant Ms. La Shon Lowe Austin continued to operate from Jackson State University in 
Jackson, MS. Lead PI Dr. Rick Luettich and remaining CRC staff were located at the University of North 
Carolina at Chapel Hill.  
 
CRC Communications Manager Matthew Bryant resigned on June 9, 2022.  Options to fill his role are being 
considered at the end of this reporting period. In the interim, communication activities are carried out by CRC 
Program Manager Anna Schwab, with assistance from Zachary Turner, a graduate student in the UNC School 
of Journalism.  
  

 
 
Figure 1: CRC organizational chart, July 1, 2021 – June 30, 2022 

*  Resigned on June 9, 2022 
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Communications  
 
Internal Communications 
Despite the distance among team members, the workflow and decision-making processes of Center 
management continue to be highly collaborative, facilitated by frequent communication via email, Zoom, 
phone, GroupMe, etc. As in prior years, weekly meetings were held every Monday morning with Center 
management and staff. A running chronological narrative for each issue and task was captured, listed, and 
assigned to a member of Center management for implementation. Monthly Center conference calls with PIs and 
Advisory Board members continue to be used to discuss business matters, plans for upcoming events, and to 
address questions and concerns. The CRC email listserv was used throughout Year 7 to send messages 
regarding important management issues, as well as information of general interest such as funding 
announcements, job postings, and student opportunities. Subscribers to the CRC listserv include PIs, Center 
management, and the DHS Program Manager and Project Coordinator. A separate listserv is used to 
communicate with Advisory Board members. 
 
External Communications 
Led by CRC Communications Manager Matthew Bryant until his resignation, CRC communicated information 
about its projects, events, successes, and interactions with end-users, stakeholders, and the general public 
through the following media: 

• News posts and information placed on the CRC website (coastalresiliencecenter.unc.edu) 
• Electronic newsletters  
• Social media (Twitter, Instagram, and Facebook) 
• Videos produced by CRC and in partnership with other groups posted on YouTube, social media, and 

the CRC website 
• Media interviews about CRC projects and expertise regarding current hazard events 
• Coordination of interviews and sharing of content through university and federal partners 

The most recent analytics data available indicate there were 2,612 Twitter followers in Year 7 (an increase of 
748 from Year 6), and 607 Facebook followers (an increase of 150), with 524 likes. The LinkedIn account had 
99 followers, and Instagram had 69 followers. The CRC newsletter remained steady with about 1,500 
recipients. 
 
Supplemental Websites 
 
In addition to managing the CRC website, during Year 7 CRC continued to make improvements to the 
ADCIRC Prediction System™ website (https://www.adcircprediction.org/). The site highlights products offered 
by the software and provides a portal for public interaction with the developers. CRC worked to expand the 
look and features of the website, and to host the site outside of UNC servers to allow independent management 
beyond the life of the Center.  
 
CRC also continued working with researchers from the University of Rhode Island to develop and improve the 
Rhode Island Coastal Hazards, Analysis, Modeling, and Prediction website – RICHAMP (https://richamp.org). 
The RICHAMP project advances storm model capabilities and develops a real-time hazard and impact 
prediction system for hurricanes and nor'easters in Southern New England. The system includes cascading 
consequences of extreme weather impacting critical infrastructure (such as wastewater treatment facilities, 

https://coastalresiliencecenter.unc.edu/
https://www.adcircprediction.org/
https://www.adcircprediction.org/
https://richamp.org/
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sewer systems, airports and seaports). The project engages key users of information in the development and 
dissemination of the tools to make them more relevant and functional as a planning and response tool.  The 
website also includes several case studies that illustrate applications of RICHAMP. 
 
Unified Business Center 
 
Essential support functions during Year 7 were provided by the Renaissance Computing Institute’s Unified 
Business Center (UBC), including: assistance with grant management, financial administration, human 
resources, travel, event planning, purchasing, and other administrative functions. The UBC also continued to 
provide pre- and post-award administrative services, including developing, executing, and managing 
subcontracts. In addition, the UBC provides monthly reports on subcontractors’ expenditure rates. The monthly 
expenditure reports are particularly useful to help CRC keep close track of projects that are lagging in their 
submission of invoices, allowing the management team to check on project progress, troubleshoot issues, and 
encourage prompt invoicing as work is completed.   
 
CRC Advisory Board 
 
Many members of the CRC Advisory Board who served during Years 1-6 continued to be involved in the 
Center through Year 7. Board members continue to assist the Center by reviewing and providing feedback on 
overall Center activities, evaluating current projects, and helping to place graduate students in internships and 
careers. Board members also help to identify transition partners, and to serve as subject matter experts as 
needed.  
 
The primary mechanism for transmitting Board recommendations is the closed-door session immediately 
following the Center’s Annual Meeting, as well as through communications with individual Board members 
throughout the year.  
 
The following members served on the CRC Advisory Board during Year 7: 

• Norma Anderson, Founder, The William Averette Anderson Fund (BAF) for Hazard & Disaster 
Mitigation Education and Research 

• Doug Bellomo, Lead for Flood Risk Management and Resilience Practice, AECOM  
• Chad Berginnis, Executive Director, Association of State Floodplain Managers  
• Dr. John Cooper, Jr., Associate Professor of Practice, Landscape Architecture and Urban Planning 

Department, Texas A&M University 
• Dr. Jae Park, Associate Vice President, Risk Management & Resilience, AECOM    
• Dr. John Pine, Director, Research Institute for Environment, Energy & Economics, Appalachian 

State University (retired) 
• Anthony Pratt, President, American Shore and Beach Preservation Association 
• Ellis Stanley, Executive Vice President, Hammerman & Gainer International and former General 

Manager, City of Los Angeles Emergency Preparedness Department 
• Dr. Lee Weishar, Senior Scientist, Woods Hole Group, Inc. 

 
During Year 7, Dr. William Hooke retired from his position as Senior Policy Fellow and Director of Policy 
Programs at the American Meteorological Society, and consequently stepped down from his appointment at 
CRC.  
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II. CENTER-LEVEL ACTIVITIES 
 
Over the course of Year 7, the CRC administrative and management team carried out multiple activities on 
behalf of the Center, as summarized below. Additional information is found on the CRC website at 
coastalresiliencecenter.unc.edu. 

CRC Annual Meeting 

The seventh annual CRC meeting was held virtually March 29-30, 2022 via WebEx. More than 60 attendees 
participated in the event, including the CRC management and support team, Principal Investigators, CRC 
Advisory Board members, CRC-affiliated students, DHS personnel, OUP support staff, and members of the 
Federal Board of Directors.  
 
The first day of the meeting consisted of reports on project progress during Year 7, documented through 
PowerPoint presentations. Each PI presented their projects in detail, including a summary of research 
methodology and findings, outcomes to date, milestone accomplishments, as well as an update on engagement 
with the project’s end-users. Education PIs focused on how their projects’ course content is kept current, their 
level of engagement with HSE professionals, and plans for courses to continue post-CRC funding. Several 
students made presentations about the role they played in the research and education projects.  
 
On Day 2 of the meeting select research and education PIs presented proposals for projects to be conducted 
during Year 8, pending approval and funding from DHS S&T.  The Federal Board of Directors prepared 
evaluations of each project proposal. Results of these evaluations and additional comments from OUP will be 
incorporated into project workplans during Year 8. 
 
In addition to individual project presentations, updates about Center-level activities were also on the agenda, 
including the Coastal Probabilistic Hazard Assessment, the Resilience Assessment Guide for Ports and the 
Marine Transportation System, and A Landscape Study of Social Equity Data Needs and its Access and 
Availability to Support the Disaster Resilience of Marginalized Communities. 
 
CRC 2021 Hurricane Season Recap  
 
CRC teams were activated to provide critical storm surge information to emergency managers, critical decision 
makers, and officials at the Department of Homeland Security in response to four major storms during the 2021 
hurricane season, including Hurricanes Ida, Henri, Fred and Nicholas. In particular, the DHS Office of 
University Programs issued multiple data calls to CRC requesting information for each of the four storms.  

How ADCIRC was used to make key decisions and damage assessments 
The ADCIRC Prediction System™ (APS) delivers timely and accurate storm surge guidance to help pre-storm 
response planning and execution by providing high-resolution information on coastal storm surge, waves, 
flooding and winds, including wave height and period predicted during a storm event. The system is also used 
to assess the level of damage due to coastal storms. 
 
During Hurricane season 2021, APS™ was used to provide storm situational awareness reports produced by Dr. 
Rick Luettich as requested by the DHS OUP. Each of these reports included the latest National Hurricane 

https://coastalresiliencecenter.unc.edu/
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Center forecast advisory and narrative summary predictions based on the ADCIRC system results. These were 
followed by colored detail map, graph and chart visuals that summarized maximum water levels and water level 
time series locations for the most likely storm track scenarios within the cone of uncertainty.  
 
CERA Activity 2021 
During Hurricane season 2021, the Coastal Emergency Risks Assessment (CERA) web mapper served as a 
visualization tool to deliver storm surge and wave guidance for impending or active tropical cyclones in the 
United States. Emergency managers, weather forecasters, and GIS specialists were able to retrieve real-time 
results from the ADCIRC storm surge model to evaluate the impacts of a tropical event or to see the tide, wind-
wave, and surge conditions on a daily basis. 
 
Several organizations requested new access to CERA during Hurricane season 2021: 

• 2 requests from the Deputy Director Chief from GOSHEP (LA); LA Sea Grant, St. Tammany Parish 
(LA), CPRA (LA), Dauphin Island Fire Rescue (AL), Safety Management Systems (LA), Ocshner 
Health (LA) 

• Phillips66 Energy (LA) 
• USACE New Orleans (LA), Vicksburg (MS) and Washington DC 
• USGS (LA), US Air Force GeoBase (TX), Naval Oceanographic Office (MS), NASA Jet Propulsion 

Laboratory (CA), US Navy (MS), FEMA (DC), US Postal Service (TN) 
• The Office of the Assistant Secretary for Health (MD), the Central Savannah River Area Regional 

Commission (GA), Storm Science Network Inc (TX) 
• The US Infrastructure Corporation (TX) 

 
Rhode Island Coastal Hazards, Analysis, and Modeling Prediction (RICHAMP) 
During Tropical Storm Henri, the Rhode Island Coastal Hazards, Analysis, and Modeling 
Prediction (RICHAMP) system was tested successfully by researchers at the University of Rhode Island. Henri 
provided the research team with an opportunity to test the storm modeling capabilities of the RICHAMP system 
in real-time. The project makes use of the ADCIRC Prediction System™, advancing storm model capabilities 
and developing a near real-time hazard and impact prediction system for hurricanes and nor’easters in Southern 
New England. 
 
RICHAMP runs on existing ArcGIS systems typically in use at Emergency Operation Centers (EOCs) around 
the country. It integrates end-user knowledge and concerns with hazard predictions from the ADCIRC 
Prediction System™ to provide predictions of cascading consequences of extreme weather (i.e., surge, wind, 
flooding, waves) impacting critical infrastructure (e.g., wastewater treatment facilities, sewer systems, airports, 
seaports). The developers’ approach addresses the challenges inherent in collection and dissemination of 
infrastructure data by partnering with critical lifeline sector leads and leveraging existing technology in use at 
EOCs. 
 
Articles and Social Media Posts Featuring CRC researchers during Hurricane Season 2021 

 
Rick Luettich, UNC-CH: 

• Risk of oil spills may rise as climate change creates more monster storms ABC News (9.29.21) 
• Testing storm modeling in real time The Well (9.20.21) 
• Levees Improved by UNC Researcher Succeed Against Hurricane Ida UNC Research (9.13.21) 

https://www.richamp.org/
https://www.richamp.org/
https://abcnews.go.com/US/risk-oil-spills-rise-climate-change-creates-monster/story?id=80038873
https://thewell.unc.edu/2021/09/20/testing-storm-modeling-in-real-time/
https://research.unc.edu/2021/09/13/levees-improved-by-unc-researcher-succeed-against-hurricane-ida/
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• Storm surge could be an even greater concern in future hurricanes by Lee Ringer // Spectrum News 1 
(8.27.21) 

• Three storm systems unlikely to impact Louisiana by Matt Doyle // Louisiana Radio Network (8.18.21) 
• Activity picks up in the tropics as we near peak hurricane season by Stacia Strong // WITN (8.16.21) 
• Emergency officials encourage the community to be hurricane ready by Stacia Strong // WITN 

(5.10.21) 
• NOAA’s upgraded forecast system will help OBX predict hurricanes with greater accuracy by Jeff 

Hampton // The Virginian-Pilot (3.31.21) 
• NOAA’s weather forecasting system just got a huge upgrade by Alex Fox // Smithsonian Magazine 

(3.31.21) 
• National Weather Service prediction models gets upgrade by Stacia Strong // WITN (3.29.21) 
• Big flood insurance rate changes are coming to NC. Will they be fair? by The Editorial Board // The 

Charlotte Observer (3.14.21) 
• Surging rates: North Carolina could be facing years of rising flood insurance premiums by Gareth 

McGrath // The Fayetteville Observer (2.22.21) 

Isaac Ginis, University of Rhode Island: 

• Researchers look to prepare coastal New England for future storms by Macy Lipkin, Connecticut Public 
Radio (11.16.21) 

• Major upgrade to NOAA’s weather computer model will improve forecasting by T.J. Del Santo // WPRI 
(3.22.21) 

DHS Summer Research Team Program for Minority Serving Institutions  
 
During the summer of 2022, CRC hosted three teams of faculty and students through the DHS S&T Summer 
Research Team (SRT) Program for Minority Serving Institutions. All research and interactions of the three 
teams were conducted virtually.   

Rick Luettich at UNC-CH collaborated with NC A&T faculty member Dr. Liping Liu for a second year. Their 
project was titled “Combined HWRF-Storm Surge Modeling of Hurricane Florence 2018.”  Dr. Liu included 
two graduate students, Lela Shumbert and Aniya Tyson on the project. (End date of the appointment is 7/29/22). 
 
Dr. Robert Twilley at Louisiana State University virtually hosted Dr. Chunlei Fan from Morgan State 
University with student Tameka Taylor. The title of their project was “Evaluation of a Low-Salinity Tolerance 
Eastern Oyster Line for Oyster Reef Living Shoreline Application.” (End date of the appointment is 7/29/22). 
 
Dr. Brian Blanton at UNC-CH/RENCI mentored Dr. Remata Reddy of Jackson State University with students 
Kayla Hudson and Jordan Ambrose. Their project was titled “Tropical Cyclones/Hurricanes: Understanding, 
Prediction Air-Sea Interactions, Large-Scale Heat Fluxes, High Winds, Heavy Precipitation, High Impacts and 
Resilience using Satellite and RADAR Data.” (End date of the appointment is 8/9/22). 
 
 
 
 

https://spectrumlocalnews.com/nc/charlotte/weather/2021/08/19/storm-surge-could-be-an-even-greater-concern-in-future-hurricanes
https://louisianaradionetwork.com/2021/08/16/three-storm-systems-unlikely-to-impact-louisiana/
https://www.witn.com/video/2021/08/17/activity-picks-up-tropics-we-near-peak-hurricane-season/
https://www.witn.com/2021/05/10/emergency-officials-encourage-the-community-to-be-hurricane-ready/
https://www.pilotonline.com/news/vp-nw-weather-model-20210331-eddaft27frbytjivkjofexc36e-story.html
http://smithsonianmag.com/smart-news/noaa-launches-major-update-forecasting-system-180977377/
https://www.witn.com/2021/03/30/national-weather-prediction-models-get-major-upgrade/
https://www.charlotteobserver.com/opinion/article249899613.html
https://www.fayobserver.com/story/news/2021/02/22/north-carolina-could-face-major-flood-insurance-rate-hikes/4513582001/
https://www.ctpublic.org/2021-11-16/climate-change-research-new-england
https://www.wpri.com/weather/major-upgrade-to-noaas-weather-computer-model-will-improve-forecasting/
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Career Development and Workforce Development Grant Alumni 
 
With funding from the DHS Office of University Programs, CRC and its predecessor, the CHC, have sponsored 
a total of five fellowships at UNC-CH through the DHS Career Development Grant (CDG) and the Science and 
Engineering Workforce Development Grant (WFD). The following update shows where these former students 
are now. 
 
CRC’s first CDG recipient, Lea Sabbag, graduated with a Master’s in City and Regional Planning from UNC-
CH in Spring 2016. Following graduation, she served at the NC Division of Emergency Management (NCEM) 
as the Housing Operations Manager for NCEM’s Recovery Section for Hurricane Matthew. She then went on to 
work as the Housing Manager for the Community Development Block Grant - Disaster Recovery (CDBG-DR). 
Ms. Sabbag worked for North Carolina Emergency Management until 2019. She is currently a Hazards and 
Land Use Specialist at Case Consultants International, a Think Tank focusing on climate decision-making, 
adaptation, and mitigation. 
 
Ashton Rohmer completed the requirements for the CDG program upon graduating from UNC-CH with a 
Master’s in City and Regional Planning in the Spring of 2017. After working with ASI Government as a 
consultant in support of the National Flood Insurance Program, she was hired as an urban planner at AECOM in 
Washington, D.C. Currently, Ms. Rohmer is pursuing a PhD program at George Mason University which she 
started in the fall of 2021. She served for ten weeks as a Summer Sustainability Fellow in 2022 with the U.S. 
Department of Transportation. The George Mason University Institute for a Sustainable Earth provided support 
for the fellowship.  
 
With funding from the DHS OUP Science and Engineering Workforce Development grant, two students from 
UNC-CH – Colleen Durfee and Darien Williams – graduated with master’s degrees in City and Regional 
Planning in Spring, 2018. A third student, Jessamin Straub, graduated in August of 2019 with a graduate degree 
in Marine Science.  

Darien Williams is continuing his resilience studies by pursuing a PhD in Urban Studies and Planning at the 
Massachusetts Institute of Technology. His research focuses on disaster resilience in underserved communities, 
drawing on experience in qualitative and quantitative sociologically-ground work in racial and economic 
justice, climate change adaptation, and disaster recovery. He is currently conducting an NSF-funded study on 
cascading electric-gas-communication infrastructure failure in disaster scenarios, working in the Lab on 
Regional Innovation and Spatial Analysis. 

After working as the Planning and Zoning Administrator for the City of University City, Missouri for a year, 
Colleen Durfee secured a position as Planner II for Lochmueller Group, where she performed transportation 
planning studies focused on improving the reliability and resilience of the city’s transit systems and 
infrastructure. According to the most recently available update, Colleen is a lead Planner at SWT Design in 
Greater St. Louis, Colleen develops and implements public engagement strategies, provides expertise on multi-
modal transportation planning and designs, assists with master planning and site design, and spearheads 
mapping, spatial analysis, and overall data gathering and analysis.  
 
Jessamin Straub was awarded a 2020 Knauss Fellowship, a highly prestigious appointment conferred through 
Sea Grant. The program provides a year of funding and job placement for graduate students working in areas 
focusing on national ocean and coastal policies. During her Knauss Fellowship, she worked as an R&D advisor 
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in the Washington, D.C. Metro area for the Engineer Research and Development Center(ERDC). She currently 
works as a Research Oceanographer at the ERDC Field Research Facility in Duck, NC. 
 
III. SUPPLEMENTAL PROJECTS 

During Year 7, CRC supported several supplemental projects in addition to CRC core projects. 

Coastal Probabilistic Hazard Assessment  
 
During the period October 1, 2019 through September 30, 2021, a team of researchers including Rick Luettich, 
Brian Blanton, and Taylor Asher of UNC Chapel Hill; Alex Taflanidis, Andrew Kennedy, and Tracy Kijewski-
Correa from the University of Notre Dame; Matthew Plumlee of Northwestern University; Elaine Spiller of 
Marquette University; and Lauren Schmied of the Federal Emergency Management Agency collaborated on the 
project, “Coastal Probabilistic Hazard Assessment” as described below. 

 
Significant advances in storm surge prediction over the past couple of decades have produced high-fidelity 
simulation models, such as ADCIRC, that provide detailed representations of hydrodynamic processes and 
high-accuracy prediction. However, the computational burden of such numerical models is large when run at 
high spatial resolution. This can limit their applicability for detailed risk assessment, which requires a large 
ensemble of storm scenarios, and for emergency response, which requires fast event-based predictions. At the 
same time, many FEMA coastal studies in the last decade have used models such as ADCIRC producing a vast 
amount of data that include time and spatially-varied simulated waves, water levels, wind, atmospheric 
pressure, and currents, among other variables. These data could be useful for other efforts if they were more 
easily discoverable and accessible (see Figure 1).  
 
This data availability has motivated researchers to investigate the use of interpolation methodologies and 
surrogate models to provide fast storm-surge predictions with the goal of maintaining the accuracy of the 
numerical model used to produce the data, while providing greatly enhanced computational efficiency. 
Surrogate models provide a fast-to-compute mathematical approximation to the input/output relationship of a 
computationally expensive numerical model, leveraging a dataset of simulations from the numerical model 
(synthetic storms for the application examined here). Kriging, also referred to as Gaussian Process Metamodel 
(GPM), has been demonstrated in a number of studies to offer great versatility as a surrogate model in this 
context: it can provide high-accuracy predictions for both storm surge and waves and for either peak or time-
series responses; it has been efficiently applied for datasets of different sizes and characteristics; and it has been 
used to provide predictions over large coastal regions. The objective of this project is to extend and demonstrate 
the utility of GPMs to support the probabilistic estimation of coastal hazards, leveraging datasets from synthetic 
storm simulations made in support of recent FEMA coastal hazard studies. 
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Figure 1. Comparison of existing and surrogate modeling approach to computing coastal hazard statistics 
 
Work conducted in this project used 156 ADCIRC tropical cyclone model runs completed in 2013 for a 
National Flood Insurance Program study for FEMA Region 3 to develop a surrogate model for the Delaware 
Bay region. Specific major tasks have included: 

• Building a database of the original 156 ADCIRC Tropical Cyclone runs that can be queried 
conveniently by an interested user; 

• Developing a strategy to compute pseudo-surge in areas of the domain that were not actually inundated 
for one or more storms to fully populate the 156 ADCIRC TC runs in all areas of the domain; 

• Establishing the surrogate from the 156 ADCIRC runs, computing error metrics and evaluating best 
practices for input parameter definitions so as to achieve the greatest accuracy from the surrogate model; 

• Developing a 40-year long storm surge hindcast for extratropical storms to be used to supplement the 
TC surrogate model to complete full hazard curves; 

• Evaluating the surrogate model using an independent TC dataset computed by the US Army Corps of 
Engineers as part of the North Atlantic Coastal Comprehensive Study that included the Delaware Bay 
region; 

• Transitioning the surrogate model and associated work flow to FEMA NFIP contractors for their 
evaluation as a tool for future NFIP studies.   

Results from the initial three tasks were completed in Year 6 and mostly covered in: 
Aikaterini P.K., A.A. Taflanidis, M. Plumlee, T.G. Asher, E. Spiller, R.A. Luettich Jr, B.O. Blanton, T.L. 
Kijewski-Correa, A. Kennedy, L. Schmied, “Improvements in storm surge surrogate modeling for synthetic 
storm parameterization, node condition classification and implementation to small size databases", Natural 
Hazards, https://doi.org/10.1007/s11069-021-04881-9.   
 
The final three tasks were completed during the first part of Year 7.  Products delivered by the project included: 

• A trained Tropical Cyclone surrogate model for the Delaware Bay area 
• 41-year water level reanalysis for Delaware Bay area to capture extratropical storms.  This will be 

expanded later to cover the entire Gulf / Atlantic coasts (NOAA) 
• Tidal data base for Delaware Bay region to capture tidal contribution 
• New hazard data for Delaware Bay region (see Figure 2) 
• Surrogate models for significant wave height for Delaware Bay region 

 

https://doi.org/10.1007/s11069-021-04881-9
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Figure 2. Combined hazard calculations – 500 year return period 

In addition to the delivered products, the project demonstrated that: 

• A properly designed surrogate model is a highly effective and efficient methodology for 
reproducing Tropical Cyclone storm surge/inundation 

• It is very important to train the surrogate model on a “representative” set of storms 
• A 41-yr reanalysis database is significant for defining extratropical response  

Joint Port Resilience Assessment Project 

The CRC was awarded funds by DHS to provide research support on a joint study on Port Resilience by the 
DHS Cybersecurity and Infrastructure Security Agency (CISA) and the US Army Corps of Engineers (USACE) 
Engineer Research and Development Center (ERDC). The project was established to develop a Port Resilience 
Assessment and Decision Guide to provide a holistic understanding of port operations, the infrastructure 
systems that support these operations, and analysis methods that can be utilized to understand functional 
resilience and support investment and other decisions. Thomas Richardson, CRC Executive Director, provided 
overall support to the project. Dr. Sandra Knight of WaterWonks, LLC, was tasked to serve as study advisor for 
the overall decision guide and inland waterway case study, and to provide support to a Guide review workshop. 
Drs. Janey Camp and Craig Philip of Vanderbilt University and Dr. Austin Becker of Rhode Island University 
executed the major components of the CRC support. A description of their respective roles in the project is 
below.  
 
Waterwonks LLC- Workshop and Guide Review 
Progress during the period from July 1, 2021, to June 30, 2022:  Dr. Sandra Knight provided advisory input and 
support to the development, review and transition of the Joint Port (MTS) Resilience Assessment Guide.   
 
She worked with CISA/ERDC to plan and convene a workshop of port and waterways subject matter experts 
and decision makers to review the content of the Guide that was held virtually on October 5 and 7, 2021.  The 
SME workshop pulled together 21 Guide team members and more than 30 SMEs including port practitioners, 
federal program leads, port and inland organizations and academia.  
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The workshop objectives were to: 
• Identify potential technical improvements and/or gaps to the content and process presented in the Guide 
• Discuss and recommend uses and users of the Guide 
• Identify opportunities to transition and institutionalize the Guide.   

 
The workshop also provided the opportunity to share the Guide and showcase the research and case studies of 
other CRC partners including Vanderbilt and the University of Rhode Island.   The workshop helped to 
strengthen and expand the network of experts and decisions makers working to make our ports and waterways 
more resilient.  These interactions have led to follow-up opportunities by CISA/ERDC to disseminate the Guide 
and find viable transitions partners. 
 
The key takeaways from the workshop were provided in a report to the study leads and included: 

• The guide adds value to the body of knowledge about port resilience 
• The technical components provide a logical process for conducting a resilience assessment. 
• The case studies were effective in demonstrating its use. 

 
Dr. Knight continues to help communicate the content of the Guide and was instrumental in helping convene a 
US Section PIANC Webinar on June 15, 2022.   While the Guide has been going through internal executive 
DHS reviews and the finalization of its Main report and Appendices, transition concepts and ideas have been 
shared during meetings with the Program lead who is working to institutionalize the Guide.  
 
Contributions from Vanderbilt University  
The Vanderbilt team conducted a case study demonstration of the application of the Port Resilience Guide 
approach to the inland system of the Cumberland and Tennessee Rivers with a specific focus on supply of 
petroleum products in the region and consideration of three disruption scenarios.  This activity supported the 
mission of the Guide in providing an example approach and guidance to port decision makers who aim to build 
resilience for the maritime transportation system.   
 
The research was completed during this review period, though publications are still in development beyond the 
Case Study Annex which is currently in review.  
 
Background and Objectives:   
The U.S. Department of Homeland Security and others are working to develop a Port Resilience Guide for the 
inland and coastal systems of the Marine and Inland Waterway Transportation System (MIWTS).  Disruptions 
and delays in cargo movement often occur on the inland waterway system due to the linear topography and non-
redundant functionality. In support of the overall development of the Guide, the Vanderbilt team is performing a 
case study of the Tennessee and Cumberland River Couplet.  The project involves several tasks to characterize 
the system, engage stakeholders in the process, identify resilience options for the region for a set of disruption 
scenarios, and ultimately demonstrate how one would approach conducting a resilience assessment of an inland 
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waterway system.  The objective of this 
case study is to analyze and 
demonstrate potential resilience 
strategies for navigable portions and 
associated infrastructure of the 
Cumberland/Tennessee River Couplet 
system.  
 
Progress to Date: 
The research team began by 
gathering relevant information to 
characterize the two river systems 
including, but not limited to the 
following: (i) infrastructure assets within 
the region such as ports and 
terminals and locks; (ii) commodity data 
from the US Army Corps of 
Engineers moving through the locks in the region; (iii) key industries operating terminals, carriers, and shippers 
to help identify potential stakeholders.  In parallel, a list of potential stakeholders was assembled including 
public and private sector organizations.  Of note is that the project team had a few key opportunities to present 
information about the study at meetings such as the Tennessee DOT Freight Advisory Council, Tennessee River 
Valley Association, and The American Waterways Operators, which resulted in connecting with additional 
stakeholders.  The team has participated in regular meetings with DHS sponsors and the working group for the 
overall Guide and received assistance from others on those calls in identifying potential stakeholders from DHS 
regional offices, etc.  The first stakeholder meeting was held in September 2020 and over 30 individuals 
participated in the meeting where the key assets in the region were discussed limitations of the region, and 
Jamboard was used to collect input from the stakeholders during the interactive session.  The meeting was 
recorded and a summary developed. 
 
The team worked to consider system resilience/flexibility for disruption scenarios.  Using a published directory 
of terminal operators, etc., a database/spreadsheet with characteristics of each terminal was created.  Each 
terminal was mapped along with road and rail infrastructure data for the region.  Proximity analysis using 
geographic information systems (GIS) was performed to locate all terminals on the river system that had multi-
modal access to one or both other modes within 1- and 5-mile ranges.  Terminals that had potential connectivity 
to both modes within a 5-mile radius were identified as those most likely to be able to provide additional service 
in times of disruption.  We have also begun developing the data and code to perform a priority/dependency 
analysis of the terminals in the region similar to what has been done by USACE ERDC members of the Guide 
development team as part of another case study.  The project team had meetings with ERDC staff and obtained 
the code from them and began developing the input data to run the analysis.  This is still in progress. 
 
The project team worked with DHS CiSA representatives to get redacted Resilience Enhancement Opportunity 
(REO) information from prior RRAPs that have been conducted with a focus on either an inland wateway 
system, a port or terminal, or with energy/petroleum considerations.  The respective REOs were consolidated, 
synthesized and commonalities identified.  These are being leveraged in an survey effort to gather stakeholder 
preference and priorities for similar resilience opportunities for the Cumberland-TN River system. 
 

Figure 1: The case study area including the Cumberland and 
Tennessee Rivers in blue and the Colonial Pipeline in red  
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The project originally aimed to consider three natural scenarios – flood, drought, and earthquake.  However, as 
we investigations into prior disruptions in the region, etc were conducted, it was determined that drought would 
have a low probability of significantly impacting the region and any waterway closure (due to flooding or 
maintenance) would be more impactful.  Additionally, the project team learned of a planned series of lock 
closures on the Cumberland planned for 2020 and 2021, which would allow for evaluation of a real-world 
event.  In place of drought considerations, the team was looking into a pipeline disruption scenario and then the 
Colonial Pipeline experienced a cyber security attack which led to a significant disruption and at the same time, 
a bridge on the Mississippi River was closed due to a crack – creating a similar but much less severe situation 
than a New Madrid Earthquake event.  Therefore, the scenarios were shifted a bit to include a Colonial Pipeline 
disruption, a waterway closure (flood or maintenance), and a New Madrid event.  Data on historic disruptions 
has been assembled and is in the process of being synthesized to better understand the impacts of such 
disruptions.  In preparation for the second stakeholder meeting in June 2021, individuals representing various 
sectors and perspectives were asked to speak to each of the three disruptive scenarios.   
 
The second stakeholder meeting included approximately 30 individuals and six speakers excluding the project 
team.  The three disruption scenarios were presented and speakers provided information about the potential 
impacts, lessons learned from the recent disruptions, and suggestions for what can be done to improve resilience 
to the region.   
Findings from the analysis and stakeholder meetings were summarized in a report and submitted to DHS for 
review.     
 
Key Takeaways:  
This study was intended to demonstrate how one might apply the processes and approach outlined in the Port 
Resilience Guide to undertake a resilience assessment for an inland waterway system and assets within that 
system.  Several potential REOs for the region were identified as part of the study with stakeholder input.  
However, additional exploration and consideration is needed to explore the actual feasibility of each REO’s 
potential implementation and develop associated resilience plans.  The REO’s presented are by no means all 
encompassing, but what was arrived at for the region with the stakeholders that were involved in the process.  
Additional scenarios and REOs could and should be considered in partnership with stakeholders as was 
demonstrated in the Case Study.   
 
Stakeholder Engagement: 
The research was supported by a stakeholder team including representation from USACE, TN Department of 
Environment and Conservation, private industry partners, consultants, THRIVE Chattanooga, the Greater 
Nashville Regional Council, TN Department of Transportation, Central US Earthquake Consortium (CUSEC), 
and others. 
 
Presentations: 
The research that supported the Cumberland/Tennessee Case Study was featured in the following presentations: 

• Philip, C. and M. Moravec. 2022. Marine Transportation System Resilience Assessment Guide: A 
MULTI-AGENCY EFFORT. PIANC Webinar. June 15, 2022. Virtual. 

• J. Camp. 2021. TRB Webinar: The Mighty River—Inland Waterway Resilience Analysis. December 15, 
2021, Virtual. 

• J. Camp, M. Moravec, and C. Philip. 2021. Case Study: Cumberland and Tennessee River Inland 
Waterway Resilience Analysis. Tennessee DOT Freight Advisory Committee Meeting, Nashville, TN, 
September 29, 2021. 
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• C. Philip, M. Moravec, and J. Camp. 2020. Case Study: Cumberland and Tennessee River Inland 
Waterway Resilience Analysis. TRVA Annual Meeting, October 14, 2020.  

• C. Philip, M. Moravec, and J. Camp. 2020. Case Study: Cumberland and Tennessee River Inland 
Waterway Resilience Analysis. AWO Virtual Roundtable, September 16, 2020.  

• J. Camp, M. Moravec, and C. Philip. 2021. Case Study: Cumberland and Tennessee River Inland 
Waterway Resilience Analysis. THRIVE Freight Mobility Coalition Meeting. November 9, 2021. 
Virtual. 

• Philip, C. and others. Assessing Resilience: Case Studies and a Path Forward for the Marine and Inland 
Waterborne Transportation System, PIANC Sponsored Webinar, August 26, 2021. 

 
Contributions from the University of Rhode Island:  
Dr. Austin Becker of URI provided a summary of lessons learned to the Hazard Resilience Guide for Ports and 
the Marine Transportation System. This activity supported the mission of the Guide in providing resources, 
tools, and guidance to port decision makers who aim to build resilience for the maritime transportation system. 
Specifically, the work examined through interviews and surveys the impact that resilience assessment activities 
have on port planning and investments.  
 
The research was completed during this review period, though publications are still in review. Other DHS-
funded projects were leveraged, including Becker’s Hazard Consequence Modeling work supported by CRC. 
The deliverable for this work is an appendix for the Guide that focuses on lessons learned on implementing 
resilience assessment recommendations, as well as one or more peer-reviewed publications in relevant journals. 
 
Background and Objectives: Resilience assessments can aid the management of complex critical infrastructure 
systems in the face of the evolving risks and uncertainties associated with climate change and other threats and 
hazards. Yet, resilience assessment methodologies are relatively new, and hence there are currently no best 
management practices for undertaking resilience assessments that are available to practitioners. This is 
particularly true for seaports and other constituents of the maritime transportation system. Hence, the objectives 
of this study were threefold: (1) to elucidate the key benefits and challenges associated with undertaking 
resilience assessment interventions; (2) to identify the resilience enhancement options that seaports pursue after 
completing resilience assessments; and (3) to determine the extent to which resilience assessments enhance 
seaports’ capacities to manage and adapt to climate hazards. 
 
Approach: In consultation with a steering committee composed of personnel from the U.S. Army Engineer 
Research and Development Center and the Cybersecurity and Infrastructure Security Agency, the research team 
searched for seaports that had completed resilience assessment interventions based on several criteria, such as 
the geographic scope of their planning and the hazards they addressed. All 115 U.S. ports within 10 miles of the 
coastline were invited to participate. Ten ports had completed a resilience assessment approach and were 
selected for this study. The completed studies were reviewed to determine the methodology used, the key 
findings, and the resilience enhancement strategies recommended to the seaport. We synthesized the 
experiences of 10 U.S. seaports that have undertaken resilience assessments using a qualitative research 
approach.  
 
Key takeaways: Through survey and interview responses from 26 seaport decision-makers at the 10 seaports, 
we identified four key themes: 

• Resilience assessments offer more than just a nuanced understanding of vulnerabilities: Resilience 
assessments provide a suite of co-benefits beyond identifying vulnerabilities in infrastructure and 
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management systems. Key among these is enhanced social capital between the port organization and its 
internal and external stakeholders as a result of the collaborative processes that resilience assessments 
require. 

• The most widespread challenge of resilience assessments was engaging stakeholders in the process: 
Unlike the benefits, challenges associated with resilience assessments were often case specific, though 
several overarching challenges should be expected by organizers of future resilience assessments. For 
example, engaging stakeholders in various phases of the assessment stymied processes such as selecting 
sea level rise projections to plan for or getting consensus on what resilience means for their seaport. 
Communicating vulnerabilities that were discovered through the resilience assessment was also a 
challenge for decision-makers who were concerned about how such information would impact the 
seaport’s marketability to potential tenants and investors. 

• Seaports prioritized infrastructure-related investments as a result of their resilience assessment findings: 
We identified 155 resilience enhancement strategies that were prescribed to seaports, which we 
categorized into six different strategy typologies. Of these, “infrastructure enhancements”, such as 
stormwater management infrastructure, were most frequently implemented following resilience 
assessments. By contrast, strategies falling under building codes and land use regulations (e.g., basing 
design flood elevations on sea level rise projections) were both prescribed to and implemented by 
seaports the least. 

• Resilience assessments improved their organizations’ capacities to manage their seaports’ resilience and 
adapt to climate change: Decision-makers indicated that their organizations’ capacities to manage 
resilience improved as a result of undertaking a resilience assessment.  

 
Other Relevant Information: Additional takeaways captured in this research provide valuable insights that can 
inform users of this guidebook on how to undertake their resilience endeavors in a calculated manner and how 
to plan for obstacles along the way. This research constitutes a valuable contribution to practitioner audiences 
on resilience planning and adaptive management of climate change risks by exploring how seaports and 
stakeholders operationalize resilience planning and assessment practice. Seaports, with their importance to 
regional and national transportation services, their complex ownership and governance context, and climate 
change challenges, present an important setting for evaluating largely normative resilience planning and 
adaptive management theories for managing complex social and ecological systems. Although most of the 
selected cases were undertaken by the port authorities and not the larger set of stakeholders, and were initially 
focused on protecting business operations, the perceived benefits supported adaptive management and resilience 
assessment premises—that planning builds social capital that is essential to adapting to climate change and 
other threats across a complex system. Resilience assessment practices enhanced social capital developed 
between the seaport and its stakeholders and seemed to result in shared information and political will needed for 
implementation of resilience enhancement alternatives. Seaport leaders reported improved awareness of the 
exigence of resilience-building, which has important implications for seaport adaptive capacity, as supported by 
existing research. Survey results capturing decision makers’ perceptions of their resilience assessments’ 
institutional impacts, further complemented our findings regarding the adaptive capacity impacts of resilience 
assessments. Findings suggest that organizers of future assessments should strategize how to transcend 
anticipated stakeholder-related obstacles early in the process.  
 
Steering Committee Engagement: 
The research was supported by a steering committee composed of members from ERDC (Margaret Kurth and 
Katherine Chambers) and CISA (Jevon Daniel and Sandra Pinel).  
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Publications: 
The research that supported the Hazard Resilience Guide is featured in the following publications during this 
revie period: 

1. Kalaidjian, E., Becker A., & Pinel, S. (In Revision). Operationalizing resilience planning, theory, and 
practice: Insights from U.S. Seaports. Frontiers in Sustainability 

2. Kalaidjian, E., Becker A., & Pinel, S. (In Review). Insights from Ten Seaport Resilience Assessment 
Interventions. An Annex to the Resilience Guide for Ports and the Marine Transportation System. 

3. Kalaidjian, E. (2021). Institutionalizing resilience: Insights from assessment initiatives at 10 U.S. 
seaports. Open Access Master's Theses. 

 
Presentations: 
The research that supported the Hazard Resilience Guide was featured in the following presentations: 
 
Becker, A., (2022), Coastal Resilience Research Overview. USGS Panel Discussion on Coastal Social 
Science, July 12. 
Becker, A., (2022), An assessment of port resilience assessments. PIANC Annual Conference, June 15. 
Becker, A., (2022), Port challenges to climate change. 18th Biennial National Harbor Safety 
Committee Conference: Maritime Strong: Navigating Diverse Growth and Change, June 13-15. 
Becker, A., (2022), Insights from Seaport Resilience Assessments. DHS Center of Excellence for 
Coastal Resilience Annual Meeting. March 29. 
Becker, A., (2022), Resilience initiatives at the Port of Providence: 2010 – present. Envision Resilience 
Rhode Island, Feb. 2. 
Becker, A., Kallaidjian, E. (2021), Resilience planning for transportation organizations: Insights from 
the U.S. Seaport Sector. 34th Rhode Island Transportation Forum, Oct. 29. 
Becker, A., Kallaidjian, E. (2021), Resilience planning for transportation organizations: Insights from 
the U.S. Seaport Sector,” Maritime Transportation System Resilience Assessment Guide Workshop- 
Oct. 5 and Oct. 7. 
Becker, A. Hallisey, N. (2021), Geospatially Inventorying Critical Coastal Infrastructure: A Case 
Study in the Caribbean. CARIGEO Webinar # 3, Best Practices on Data Sharing, Sept. 21. 
Becker, A. Session Moderator, (2021), Assessing Resilience: Case Studies and a Path Forward for the 
Marine and Inland Waterborne Transportation System. Webinar presented by PIANC and the World 
Ocean Council. Aug. 25. 
Other: 
Ellis Kalladjian, the graduate student on this project, graduated and was awarded an ORISE Fellowship with the 
Engineer Research and Development Center. 
 
A Landscape Study of Social Equity Data Needs and its Access and Availability to 
Support the Disaster Resilience of Marginalized Communities 
 
Principal Investigator Name/Institution: Cassandra R. Davis (PI), Miyuki Hino (Co-PI), & Philip Berke (Co-PI) 
| The University of North Carolina at Chapel Hill 
 
Short Project Description:   
Federal agencies have noted the increase in worrisome trends surrounding climate change, particularly 
wildfires, hurricanes, and flooding. One of the most enduring findings in disaster and climate change research is 
that socially marginalized communities are disproportionally more at risk from environmental hazards and thus 
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less likely to recover fully and quickly. This report aims to provide evidence on how federal agencies can 
improve the measurement of outcomes for marginalized groups to help guide resilience and disaster recovery 
planning. To achieve this, we developed a social equity framework tailored specifically for the decision makers 
that deal with community adaption and mitigation to disasters and climate change. We also reviewed relevant 
literature, identified case study sites, explored the historical context, reviewed hazard mitigation and 
comprehensive plans, assessed the efficacy of existing vulnerability metrics, and defined community voice. 
 
Key Findings:  
• Our literature review showed little work on including equity within planning on the national landscape. 

Within the last decade, more attention to equity has emerged but is found in comprehensive plans.   

• Conceptual approaches invested in social justice use equity as a foundation, not an add-on. With few 
examples of equity within the realm of community resilience to disasters, the team used literature from 
multiple disciplines such as education, economics, urban planning, public health, philosophy, and business. 
Our review of 30 different equity frameworks revealed that most (80.0%) included a mission that clearly 
stated a commitment to the issue surrounding equity. Our findings also showed that equity was used as a 
foundation for establishing change.  

• Using multiple quantitative and qualitative data sources can inform an emergency management framework 
invested in social justice. Based on the extensive literature review on equity frameworks, the team 
constructed a conceptual framework (Figure 1) for the decision makers that deal with community adaption 
and mitigation to disasters and climate change. We established the following mission, “to measure, monitor, 
and determine progress to advance equitable and resilient outcomes for marginalized populations.” Our 
framework contains three stages; (1) Identify inconsistencies, (2) Identify consistencies and build metrics, 
and (3) Reach an equitable approach. Within each stage, we focus on four subjects of analysis - historical 
content, plan-based indicators, social vulnerability indicators, and community voice.   

 
Figure 1. Equity Framework for the Emergency Management Community  
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Using the first stage of the conceptual framework, we focused on the four subjects of analysis: historical 
context, planning documents (e.g., hazard mitigation and comprehensive plans), vulnerability metrics, and 
literature on community voice. Here we provide our findings related to each subject. 
 
• The historical context shapes issues of oppression and injustices. In our review of the four NC case study 

sites, the team noticed conflicting historical narratives and instances of clear winners and losers. Each site 
(i.e., Buncombe, Burke, Edgecombe, and Mecklenburg Counties) generated great wealth from the 
exploitation and dependence of free labor from indigenous populations, enslaved and free Blacks to 
construct roads and railroads.   

• There is wide variability in the use of equity indicators amongst hazard mitigation plans (HMPs) and 
comprehensive plans (CPs). As expected, our results showed that HMPs include more Disaster Impact & 
Recovery indicators (Figure 2). We also noted wide variability in the use of Social Vulnerability indicators 
between HMPs and CPs as well as the difference between rural and urban sites. HMPs in all case study sites 
did not include indicators about the legacies of discrimination. Overall, the research team determined that 
siloed plans cause missed opportunities to assess inequalities in disaster risks and how events impacted 
marginalized groups. 

Figure 2. Disaster Impact and Recovery Indicators  
 

 
 

• Quantitative data from the U.S. Census, CDC’s Social Vulnerability Index, and Justice40 yield conflicting 
results on social vulnerabilities, which may inform resource allocations. Existing metrics provide little 
empirical basis for which to use and when. The team noted when comparing the CDC SVI to J40; the results 
amounted to disagreement on who was disadvantaged (Figures 3 & 4). Both tools identify groups as 
disadvantaged or vulnerable that do not appear to be disadvantaged or vulnerable in the other tool; thus, 
using one tool to assess marginalized groups will likely mean leaving out others. We then reviewed FEMA 
Individual Assistance data to assess income distributions of eligible and ineligible applicants. Our findings 
showed that a large proportion of ineligible applicants’ represented households with income of less than 
$15,000.  
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• Collecting divergent community voices strengthens the disaster planning process. Emergency management 
spaces tend to lack representation from social and ethnic groups directly impacted by hazardous events, 
allowing a monolithic perspective to speak for all. Rather unintentional or intentional, excluding other 
voices perpetuates racist and oppression practices that inhibit communal growth. The literature suggests that 
it is vital to identify the counter-narratives – the voices of those who are historically left out and who tend 
to not be in positions of power. 

Accomplishments: Our project officially started in the late fall of 2021, giving us about nine months of 
exploring the literature, collecting data, and identifying major themes. Although we have limited 
accomplishments between the July 2021 – June 2022 period, we’ve had continued and new interest from DHS, 
FEMA – National Advisory Council (NAC), NIST, and groups unrelated to the federal government. The 
research team has been invited to submit two manuscripts documenting our research process and social equity 
aimed at resilience. We also intend to submit additional manuscripts around the quantitative and qualitative 
results. 
 
Major Obstacles: Our most significant obstacle is the issue of time.  We have worked on this research study for 
nine months and just beginning to see how the data interact with one another. With more time and resources, we 
will have the opportunity to explore new areas of our quantitative and qualitative findings.  

Spring 2022 Speakers Series Seminar at UNC-Chapel Hill 

The CRC, in partnership with the Department of City and Regional Planning at UNC-Chapel Hill, continued to 
support the Natural Hazards Resilience graduate certificate program during Year 7. As part of the program, 
CRC Program Manager Anna Schwab coordinated and served as lecturer for the Spring 2022 Speakers Seminar. 
 
Seminar Overview:  
Invited practitioners and scholars discussed a range of topics in the field of natural hazards resilience, including 
research findings, experience in practice, and policy-making. Speakers represented federal, state, and local 
jurisdictions; scholars from pertinent fields of study, including physical and social scientists; private and non-

Figure 3. CDC’s Social Vulnerability 
  

Figure 4. Climate and Economic Justice 
Screening Tool (beta version)  

http://planning.unc.edu/
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profit sector representatives, including environmental and social justice advocates; community leaders; and 
members of relevant professional associations. 

Course Objectives: 

1. Gain insights from natural hazards and disaster scholars and practitioners, including applied practice-
based knowledge, awareness of career opportunities, and introduction and discussion of some of the 
most pressing issues in the field, including social equity. 

2. Gain a greater understanding of the link between the state of our natural environment and the effects of 
natural hazards and disasters on human settlements 

3. Gain a greater understanding of the management of natural hazards and disasters, including how nations, 
cities, communities and organizations prepare for, respond to, mitigate against, adapt to, and recover 
from extreme weather events.  

4. Gain an awareness of some of the underlying socioeconomic conditions that can cause disparate impacts 
of disasters on under-represented and marginalized communities.  

Speakers and Topics: 
 

1. Dr. William (Bill) Hooke, Emeritus, Associate Executive Director and Senior Policy Fellow, American 
Meteorological Society: Reaching for Resilience in the Era of Climate Change  

2. Kory Wilmot, Hazard Mitigation and Recovery Section, American Planning Association: The Role of Planners in 
Enhancing Community Resilience to Natural Hazards  

3. Dr. Cassandra Davis, Research Associate Professor, Department of Public Policy, UNC-Chapel Hill: Social 
Equity in Disaster  

4. Dr. Kathie Dello, NC State Climatologist and Director of the NC State Climate Office: Role of the State 
Climatologist  

5. Dr. Todd Bridges, Senior Research Scientist for Environmental Science, U.S. Army Engineer Research and 
Development Center (ERDC), U.S. Army Corps of Engineers: Engineering with Nature for Enduring Resilience  

6. Dr. Christopher Zarzar, Assistant Professor, Environmental, Earth and Geospatial Sciences, NC Central 
University: The Role of Meteorologists in Enhancing Community Resilience  

7. Adam Stein, Senior Policy Advisor, NOAA Office for Coastal Management: The Role of NOAA in Natural 
Hazards Resilience  

8. Dr. Shintaro Bunya, Research Scientist, Center for Natural Hazards Resilience, UNC-Chapel Hill: Response to 
the 2011 Tohoku Earthquake and Tsunami by Government and Industry in Japan  

9. Dr. Shannon van Zandt, Executive Associate Dean and Professor, Department of Landscape and Urban Planning, 
Texas A&M University: Climate Change and Housing  

10. Michele Steinberg, Wildfire Division Director, National Fire Protection Association: Reducing Community Risk 
to Wildfire  

11. Holly White, Principal Planner and Kate Jones, Senior Environmental Planner, Town of Nags Head, NC: 
Resilience Policy at the Local Level in a Coastal Community  

12. Dr. Michelle Dovil, Visiting Assistant Professor, Department of Sociology and Criminology, Howard University: 
Experience of Marginalized Communities in the Disaster Context  

Following each speaker, students prepared a blog about their learning experience. A complete list of speakers 
and their topics, as well as blog posts from students can be found on the CRC website. 
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 Integrating ADCIRC Prediction System™ Output into Hazus 

Please refer to Rick Luettich’s Year 7 Annual Report in the following section for discussion of the project titled 
Integrating ADCIRC Prediction System™ Output into Hazus. 

 

IV. YEAR 7 CORE PROJECT REPORTS  

The CRC research projects span three major themes: 1) the Coastal Infrastructure Resilience project focuses 
on ways to improve damage prediction and loss estimates due to coastal hazards and develop a framework for 
new design methodologies for near-coast structures; 2) the Building Resilient Communities theme focuses on 
developing tools to help communities integrate hazard resilience into local planning efforts; conducting studies 
of preparedness in underrepresented neighborhoods; developing a coastal hazards analysis, modeling, and 
prediction system for emergency management and response; and connecting universities for resilience research; 
and 3) the Coastal Hazards Modeling-themed projects emphasize advancing computer modeling capabilities 
for predicting storm surge, waves, and flooding associated with severe weather events along the U.S. East and 
Gulf Coasts and communicating the results of these predictions to improve coastal resilience.   
 
Through the fourth theme, CRC addresses Education and Workforce Development by formulating and 
delivering resilience-oriented undergraduate and graduate courses, concentrations, minors, certificates, and 
training, with strong emphasis on Minority Serving Institutions. Focus areas in education include coastal and 
computational engineering, computer science, social science, coastal infrastructure, disaster science, natural 
hazards resilience, and community resilience through education and training.  
 
Performance reports for each CRC project are in the section that follows, organized by theme.  
Project PIs were asked to take a retrospective look at activities undertaken and milestones achieved during Year 
7, with emphasis on the cumulative progress made to date.  
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COASTAL INFRASTRUCTURE RESILIENCE THEME 
 
 

COX, OSU 
VAN DE LINDT, CSU 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I.INTRODUCTION 

 
Project Title: Experimental and Numerical Study to Improve Damage and Loss Estimation due to Overland 
Wave and Surge Hazards on Near-Coast Structures: Evaluation of Building Fragilities and Mitigation 
Alternatives for HAZUS-MH, including Engineering with Nature for Surge and Wave Attenuation 
 
Principal Investigator Name/Institution: Dan Cox (Oregon State University), John van de Lindt (Colorado State 
University 
 
Additional Research Participants/Partners: 
 
Robert Twilley, LSU Carol Friedland, LSU 
Ismael Pagan-Trinidad, UPRM Carla Lopez, UPRM 
 
Short Project Description (“elevator speech”):   
We will demonstrate the effectiveness of the new damage functions developed in Year 1-6 for predicting 
hurricane surge and wave impacts to residential and commercial structures. We will validate with observed 
damage data from Hurricane Michael impacts to Mexico Beach, Florida. We will collaborate with LSU and 
UPRM to incorporate Engineering with Nature (mangroves) in mitigation planning and stakeholder engagement 
 

II.PROJECT NARRATIVE 
 

1. Project overview:   
 
We will build on our Year 1-6 effort to create physics-based damage and loss functions for residential and 
commercial structures to improved damage and loss models such as Hazus-MH. We are assembling a hindcast 
for the Mexico Beach, Florida, community impacted by Hurricane Michael in 2018. The data set includes 
detailed descriptions of buildings (structural properties, first floor elevations, assessed value and) and hurricane 
conditions (surge, wave, wind). The activities will a detailed hindcast to validate the new fragilities at each 
parcel of land. We will aggregate the results and compare to existing Hazus-MH methodology and quantify the 
uncertainty and improvements with the new method. We will consider mitigation alternatives to illustrate the 
decision-support capability of the improvements to HAZUS-MH. The following mitigation alternatives will be 
considered: 
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Alternative 1: Structural improvements such as the elevation of structures to current code and proposed code 
changes to ASCE 7-22 
Alternative 2: Engineering with Nature alternatives such as the establishment of coastal greenbelts (e.g., 
mangroves) to reduce surge and wave effects 
Alternative 3: A hybrid approach of green/gray infrastructure combining Alt 1 and 2. Alternative 4: Zoning 
changes, such as construction setbacks and buyouts 
  
These alternative scenarios will be conducted in collaboration with other members of the center, including 
Robert Twilley (LSU), who will provide expertise on the parameters for the mangroves such as mangrove type, 
density, and expected growth, and survivability to large storms and Carol Friedland (LSU) to quantify the 
average annual losses to estimate the risk reduction benefits. The team will work with Ismael Pagan-Trinidad 
(UPRM) and Carla Lopez (UPRM) for SUMREX students and engineering with nature for hazard mitigation. 
The team will work with members of the center who are working with ADCIRC to quantify surge reduction due 
to mangroves. SWAN and/or XBeach will be used to quantify the wave reduction 
 

2. Results:  
 
Primary results were  

• Synthesis of data sets for building damage for Mexico Beach Hindcast 
• Synthesis of observed high water level marks for hindcast, initial comparison with ADCIRC  
• Level 1 and Level 2 hindcast with HAZUS 
• Model-data comparisons at individual building level for surge and wave damage 

 
Detailed building information about a sample of buildings (400 buildings) within Mexico Beach, FL was 
collected. This includes building occupancy, first-floor elevation, foundation type, and construction material. 
The collected building data was linked was the field-collected damage data from RAPID, STEER, and other 
reconnaissance research groups (e.g., Kennedy et al.). The field-collected data includes geospatial information 
for each building along with the damage state for the different building components (e.g., walls, foundation, 
roof, content, etc.). Also, in this project, field data for building damage was collected using Google Street Map 
View to be compared with the other collected-field data. A portfolio of building archetypes was mapped to each 
building within the community based on the building characteristics. 
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Figure 1:  The study area in Mexico Beach, FL with buildings color-coded based on their archetype. 
 
 

 
Figure 2: (left) High water marks observed by USGS at Mexico Beach following Hurricane Michael.  
Maximum surge depths are approximately 22.5 ft. (right) Comparisons of high water marks with FEMA 100-
year and 500-year flood hazard level, USGS high water marks, and ADCIRC.  Figure shows that Hurricane 
Michael exceeded the 500-year flood level and that the preliminary ADCIRC model runs compared well to the 
observed data.   
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Figure 3:  (left) Observed building damage in Mexico Beach.  Red indicates complete damage, orange is major 
damage, yellow is minor damage, and green is no damage.   (right) Predicted damage using HAZUS-MH.  
Figure shows that observed damage pattern has greater damage closer to the coastline and that HAZUS damage 
pattern is more uniform. 
 

 
Figure 4:  Detailed comparisons of observed and predicted damage for residential structures for each damage 
state (0 = no damage, 4 = complete collapse).  The comparison shows that the wind model significantly 
overpredicts the number of buildings in damage state 3.   On the other hand, the flood model gives reasonable 
prediction. 
 
 

3. End users:   

• Jesse Rozelle: NHRAP/Hazus Program Manager, Risk Management Directorate Rozelle is the lead for 
the Hazus program and will serve as the primary point of contact. 
Requirements for this project including documented hindcast and comparison with existing Hazus-MH 
methodology. 
• Duncan Bryant: USACE-ERDC Coastal Hydraulics Laboratory; Bryant is a research engineer 
investigating the use of Engineering with Nature for hazard mitigation. 
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4. Transition: 
 
Transition plan with Hazus Team:   We will develop a detailed transition plan with the Hazus team.   The plan 
will include 
 

• Break-down of costs, capabilities, and systems that would be required for FEMA to support ongoing 
post-grant operation and maintenance of the hurricane wave/surge damage functions integrated into 
FEMA’s HAZUS-MH model.  This will enable FEMA to plan resources to enable future updates. 

• Intellectual property assessment of the tool.  For example, assess whether there is any IP not owned by 
OSU or CSU. 

 
Transition milestones are added to the table below.  No change in cost because meetings will be held virtually. 
Because the fragility functions will be made compatible with Hazus, no additional costs that would be required 
for FEMA to support the operations. 

 
5. Project Impact:  

Nothing to report yet. 

6. Unanticipated Problems:  

Work on hazard mitigation has not been completed.  We have had several productive meetings with Robert 
Twilley and Carol Friedland, LSU, but have not completed the work yet. 

7. Student Involvement and Awards:  

Number of Students: 

• OSU:  one student (Jaimlyn Sypniewski) was funded on this project.   
• CSU:  one post-doc (Omar Nofal) was partially funded on this project 

Student Role in Research: 

• OSU:  Student played a lead role in synthesizing data sets and HAZUS hindcast and writing up the 
results 

• CSU:  Post-doc developed datasets for thousands of buildings included in the testbed including 
assigning fragilities and conducting damage analysis 

 

III. RESEARCH ACTIVITIES AND MILESTONES 

Status as of 6/30/2022 

Research Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

Activity 1 Description: Finalize hindcast data set for 
Hurricane Michael/Mexico Beach 

9/1/2021 100  
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Activity 2 Description: Hindcast, comparisons with Hazus 1/15/2022 100  

Activity 3 Description: Workshop (likely virtual) with OSU, 
CSU, LSU, and Hazus team to discuss progress 

3/15/2022 50 Series of meetings were 
held jointly with OSU, 
CSU, and LSU.  In-
person meeting planned 
for Q2 of 2022, however 
plans were dropped due 
to spike in covid 

Activity 4 Description: Alternative scenario investigations 4/30/2022 50 Work continues but has 
not been completed. 

Research Milestone    

Full dataset for Hurricane Michael/Mexico Beach 
constructed 

9/1/2021 100%  

Technical paper for peer review developed on hindcast 2/15/2022 95% Manuscript awaiting 
final edits before 
submission 

Datasets passed to Hazus team 5/15/2022 0% Work with Hazus team 
to be proposed for Fall 
2022 

    

 

IV. RESEARCH PRODUCTS AND DELIVERY   

N/A 

V. PUBLICATIONS  
 
Sypnewski J, DT Cox, O Nofal, J van de Lindt, M Amini, T Do (2022) HAZUS-MH “Flood Validation 
Study for Building Damage at Mexico Beach, Florida, from Hurricane Michael in 2018,”(in preparation 
for Natural Hazard Review.) 
 

VI. PERFORMANCE METRICS 
 

 

 

 

 

 



 
32 

YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where 

indicated) 

Internships hosted  0  

Undergraduate students who received tuition / fee 
support / stipend  

0  

Graduate students who received tuition / fee support 
/ stipend   

1  

Undergraduates who received HS-related degrees 
 

0  

Graduate students who received HS-related degrees 
 

0  

Graduates who obtained HS-related employment 
 

0  

Journal articles submitted  0  

Journal articles published  0  

Conference presentations  1  

Other presentations, interviews, webinars 0  

Patent applications filed  0  

Patents awarded  0  

Trademarks/copyrights filed  0  

Requests for assistance/advice from DHS agencies  0 Brief description 

Requests for assistance/advice from other federal 
agencies or levels of government 

0 Brief description 

Total dollar amount of external funding Approx. 
50k 

(NIST 
l

 

How much was from DHS? 
How much was from 
other sources?  Brief 
description of each. 

Total number of milestones for reporting period  3  

Accomplished fully  1  

Accomplished partially  1  

Not accomplished  1  
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BUILDING RESILIENT COMMUNITIES THEME 
 

BERKE / UNC-CH 
MASTERSON / TAMU 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

 
Project Title:  
An Extension of the Plan Integration for Resilience Scorecard™ (PIRS): Coupling PIRS™ with Plan Quality 
Evaluation Tools 
 
Principal Investigator Name/Institution:  
Jaimie Hicks Masterson, Texas A&M University  
 
Additional Research Participants/Partners: 
Philip Berke, University of North Carolina 
 
Short Project Description:   
During Years 1-6 we developed a Plan Integration for Resilience Scorecard™ (PIRSTM) to assists local 
practitioners to assess the degree to which networks of plans integrate resilience policies that target 
geographic areas that are most physically and socially vulnerable too hazards. During Year 7, we partnered 
with two low-capacity communities (Rockport, Texas and Rio Grande City, Texas) to explore the 
intersection of PIRS™ with a well-established plan quality evaluation protocol designed to guide 
development of high-quality individual plans. When used in tandem, both tools aim to build local capacity 
to create high-quality plans that are well-integrated with the community’s network of plans. 
 
Two unexpected additional activities were conducted during Year 7 that include: 1) training local officials 
to apply PIRSTM in a group of Louisiana communities and, 2) extending PIRSTM to evaluate the degree to 
which plans mitigate vulnerability to urban extreme heat in the City of Boston. 

 
II. PROJECT NARRATIVE 

 
1. Project overview:   

 
Planners and hazard mitigation specialists increasingly emphasize the importance of proactive planning. 
Communities that invest in planning are more resilient as they are better able to anticipate and adaptively 
respond to extreme events, to rapidly recover, and to reduce future vulnerability.  
 
Prior research clearly demonstrates that two critical obstacles limit the influence of plans in support of 
community resilience. One is poor integration of local networks of plans (infrastructure plans, hazard 
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mitigation plans, climate resilience plans, economic development plans) that influence the land use and 
development in hazard areas. A second obstacle is the poor quality of individual plans characterized by, for 
example, an inadequate fact base, vague policies that lack spatial specificity, and a weak implementation 
element. 

 
For Year 7, our work focused on partnering with local communities to apply two plan evaluation tools that, 
when used in combination, can guide the development of a high-quality plans that are well-integrated with 
the community’s network of plans. The tools include (1) the American Planning Association’s best practice 
standards, which comprise the foundation for a comprehensive plan designed to achieve sustainable places; 
and (2) the Plan Integration for Resilience Scorecard, which spatially identifies the level of integration 
among networks of plans and provides information to help resolve conflicts across plans and support 
resilience in different geographic areas.  
 
Due to COVID, unspent travel funds at UNC were used to support testing an extension of PIRSTM to 
from a primary focus on flood hazards to urban heat resilience. The combination of climate change and 
the urban heat island (UHI) effect is increasing the number of dangerously hot days and the need for all 
communities to equitably plan for urban heat resilience.  
 
Finally, at the request of FEMA Region 4, the Texas A&M team has engaged in training of 15 FEMA 
staff for application in 3 parishes on how to use PIRSTM.  These communities are at high-risk too 
flooding and sea level rise, and are recovering from Hurricane Laura.  

 
2. Results:  

 
The results for Year 7 work are generated from four projects. 
 
Project #1. Our university team at Texas A&M continued to collaborate with the City of Rockport, Texas 
to demonstrate the combined use of the APA and PIRSTM tools. The objective was to assist the city in 
creating a high-quality and well-integrated comprehensive plan to guide the rebuilding to achieve a more 
resilient and sustainable community after a catastrophic hurricane disaster. We focused on the 
comprehensive plan because it has legal standing in regulating development that gives it prominence 
among all types of local plans in supporting community resilience. 
 

Using the APA’s sustainability plan quality assessment tool, Rockport planners regularly evaluated the 
evolving drafts of the comprehensive plan. Planners identified gaps across chapters, determined strengths 
and weaknesses, and identified opportunities for improving the quality of the plan content. City officials 
concurrently applied PIRS™ to determine the degree of policy integration across the city’s network of 
plans, including the downtown master plan, heritage district zoning overlay, county recovery plan, county 
hazard mitigation plan, and county floodplain management plan. The PIRS analysis revealed opportunities 
to significantly improve integration in the soon-to-be-adopted Rockport Strong comprehensive plan. Policy 
adjustments include adoption 10 new flood vulnerability reduction policies in the comprehensive plan that 
were drawn from other plans (e.g., tax abatement to encourage property owners to install flood mitigation 
improvements, building elevation requirements, conservation overlay regulations, and zoning to limit 
development in flood hazard areas).  

 
Project #2. The university team initiated a partnership with Rio Grande City, Texas to apply the APA and 
PIRSTM tools to development of the city’s comprehensive plan. The city is located along the Texas-Mexico 
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border and is at risk to flooding, wildfires, and extreme heat. Results to date (July 2022) include evaluating 
16 plans and ordinances to the draft comprehensive plan. During the initial scan of existing plans, it was 
found that most of the plans with mentions of Rio Grande City are regionally oriented, resulting in lack of 
focused directed effort within the municipality. It was determined by the research team that local ordinances 
may be able to bridge some of this gap and provide an overview on the current policies. To summarize and 
keep track of the plans and ordinances, a summary sheet was prepared. The summary sheet acts as both 
inventory and investigative checklist to determine relevant plans and ordinances for administering PIRS™ 
protocol. It can be a living inventory which informs planning at local and regional levels. The team used 
PIRS™ after the comprehensive plan was drafted, using the insights to amend incongruent policies. In this 
case, using PIRS™ acts as a catalyst in proposing amendments for unfavorable conflicting policies in other 
plans within the network of plans. The draft comprehensive plan is now being assessed using the APA 
Sustaining Place plan quality assessment tool to strengthen the comprehensive plan and determine other 
gaps and opportunities.  

 In addition, the university team is also conducting a PIRS assessment focus on public health in Rio 
Grande City. This was the request from RGC because their comp plan has a health focus (and the development 
of the plan is funded by the CDC). 
 
Project #3. FEMA CPCB Region 4 contacted us to provide technical assistance as they applied PIRS in 3 
parishes in southern Louisiana. The team conducted 1 webinar training for 15 FEMA staff and conducted 4 
additional technical assistance calls. FEMA tested PIRS in Terrebone Parish. FEMA utilized Google Forms to 
inventory the large number of plans and policies to maximize team efficiency and increase the speed of the 
evaluation. The team assessed policies across the parish as it intersected with FEMA flood insurance rate maps 
and 2-foot projected sea level rise. The team then created hot zones of physically vulnerable and socially 
vulnerable areas of the community. Currently, FEMA staff is evaluating result to inform and have conversations 
with the parish. They will develop PIRS tables and maps in 2 additional parishes recovering from Hurricane 
Laura. The research team is monitoring progress, particularly how the large team is creating efficiencies in the 
process to increase the speed of evaluations.  
 
Project #4. The UNC team adapted PIRSTM to evaluate extreme heat mitigation policies in networks of local 
plans. The project focused on two neighborhoods in the City of Boston -- Dorchester and East Boston. Parts of 
these neighborhoods are particularly vulnerable to extreme heat, in terms of both physical exposure and social 
vulnerability (poor, people of color). Results from this analysis reveal that the network of plans in the two 
neighborhoods is well-integrated, with many plans that reference each other and overall goals that are not in 
conflict with one another. However, the PIRSTM analysis reveals a major weakness. Mitigation policies in the 
network of plans fail to target the hottest and most socially vulnerable geographic areas in each neighborhood. 
Results will be distributed to the Boston Planning and Development Agency this Fall-2022. 
 
Overall, our Year 7 work produced results that provided 1) guidance for the efficient application of APA’s 
sustainability best practice standards and PIRSTM, including a crosswalk of linkages, 2) a case study write-up 
with lessons learned, 3) additional PIRS training materials to be used in coordination with APA training 
modules, 4) a web page with resources and materials from the research project, and 5) a presentation of 
findings at two national conferences. The ultimate project goal is to demonstrate the power of well-
coordinated and integrated high-quality plans. 
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3. End users:   
 

-Local government officials in Rockport, Rio Grande City, Terrbone Parish and 2 adjacent parishes recovering 
from Hurricane Laura in Louisiana.  
-FEMA Region IV in Louisiana and Matt Campbell from FEMA HQ. 
-We worked closely with the American Planning Association’s (APA) research staff (Joseph DeAngelis) and 
educational staff (Kimberley Jacques) charged with the development of the APA Professional Training and 
Certification Program for the Plan Integration for Resilience Scorecard TM 
-Planning staff, Boston Planning and Development Agency 

4. Transition: 
 

--Collaborated with APA to track and ensure quality control in the development of course aimed at training and 
certification of planners and other local officials (emergency managers, public works, and fire department 
personnel). APA has adopted PIRSTM as their national standard and resource for building local capacity to 
integrate resilience across planning sectors. 
 
--Successfully coupled PIRS with APA’s sustainability best practice standards for comprehensive planning. The 
aim is to achieve the dual goals of creating a well-coordinated and integrated high-quality plan. 
 
--Initiated development of a website, Plan Integration Hub: A Dynamic Website for the Plan Integration for 
Resilience Scorecard. The hub will serve as a central source of networking and information exchange among 
researchers and practitioners active in contributing to the evolution of PIRS in research, community engagement 
and training. 
--In response to aa request by city planners in the Boston Planning and Development Agency the UNC extended 
application of PIRSTM to a urban heat extremes in 2 highly vulnerable neighborhoods. 
 

5. Project Impact: 
--Documented actual changes hazard mitigation and resilience planning practices and outcomes in five 
communities. Publications that document changes: 

Berke, P, J Masterson, M Malacha, A Torres, and S Yu. 2022. Improving the Quality of  
Individual Plans and Integration of Networks of Plans: An Application to a Low-capacity 
Community Vulnerable to Disasters and Climate Change, paper presented at the Association of 
the Collegiate Schools of Planning, Oct. 7 [online]. 

Berke, P, J Kates, M Malecha, J Masterson, P Shea, and S Yu. Using a Resilience  
Scorecard to Improve Local Planning for Vulnerability to Hazards and Climate Change: An 
Application in Two Cities. Cities 119. doi.org/10.1016/j.cities.2021.103408 
 

--APA adopted PIRS as a national standard and resource for building local capacity to integrate resilience 
across planning sectors. 
 
--In collaboration with APA, our team contributed to the development of the APA Professional Training and 
Certification Program for the Plan Integration for Resilience Scorecard TM.  The program consists of five 
modules that support (to be released late July 2022). 
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--FEMA Community Planning and Capacity Building division requested training of PIRS for 
communities in southern Louisiana. The team, of more than 15 staff have applied PIRS in one 
community exposed to significant flooding and will complete it in two other counties.   

 
--PIRS applied in Rio Grande City, TX was used to assess network of plans. This data is being used to 
develop strategies and policies in their first comprehensive plan. The draft plan is being assessed for 
plan quality utilizing the APA Sustaining Places resource. Currently the plan is 90% complete.  

6. Unanticipated Problems:  

--Due to Covid we could not use of travel funds at UNC. We used the funds to support a part-time 
graduate student to work on extending PIRS to address urban heat extremes. The student’s work focused 
on Boston. 

7. Student Involvement and Awards:  
Number of Students: 
--One masters student, UNC Department of City & Regional Planning 
--One doctoral student, Texas A&M Department of Landscape Architecture and Urban Planning 
--One masters student, Texas A&M Department of Landscape Architecture and Urban Planning, 

Student Roles: 

--UNC student to work on a project aimed at extending PIRS to urban heat extremes. 
--Texas A&M student to work on project aimed at extending PIRS to public health. 
Degrees attained:  
--Lauren Jenson, MCRP, UNC City & Regional Planning 
--Malini Roy, URSC, Texas A&M Dept. of Landscape Architecture & Urban Planning  
--Tanner Fuller, MUP, Texas A&M Dept. of Landscape Architecture & Urban Planning 

 Student Awards: 
--Laruen Jenson received the UNC Department of City & Regional Planning, Best Masters 
Project Award for 2022  
Jobs Secured by Students: 
 
--Lauren Jenson, UNC MCRP, was selected as a Presidential Management Fellowship and will 
work for a federal agency (to be determined) related climate science and policy. 

 
8. Theses and Dissertations: 

--Jenson, Lauren. University of North Carolina, Adapting the Plan Integration for Resilience Scorecard 
to Evaluate Extreme Heat Mitigation in a Network of Local Plans in Boston. 2022, Department of City 
& Regional Planning, P Berke (chair) 
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9. Involvement in DHS Summer Research Teams for Minority Institutions Program 

N/A 
 
 

III. RESEARCH ACTIVITIES AND MILESTONES 

YR 7 RESEARCH ACTIVITIES and MILESTONES  

Status as of 6/30/2022 

Research Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

Activity 1: Partner with 1-2 communities to apply PIRS and 
well-established plan quality evaluation protocol - 
American Planning Association’s (APA) Comprehensive 
Plan Standards for Sustaining Places  

9/1/2021 80% Covid limited progress 
on one of the 
communities. 

    

Research Milestone    

Establish community partnerships and working 
relationships. 

9/1/2021 100%  

Develop core teams of pertinent city staff and train them 
on PIRS and both plan evaluation protocols through in-
person and virtual formats. 

10/1/2022 100%  

Evaluate network of community plans for plan integration, 
hazard mitigation plan, and comprehensive plan. Track the 
effects of the evaluation through use of a logic model. 
Provide technical assistance as necessary. Facilitate 
conversations with core city teams to determine 
opportunities for plan quality and plan integration 
improvement. 

1/30/2022 75% Covid limited progress 
on one of the 
communities. 

    

Activity 2: Develop materials, guidance, and case study 
write-ups to articulate the value of the measuring plan 
quality and integration. Document outcomes and share 
knowledge gained in various formats. 

6/30/2022 80% Covid limited progress 
on one of the 
communities. 

Milestone    
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Develop guidance for the efficient application of plan 
quality tools and PIRS, including a crosswalk of linkages 
between plan quality tools and PIRS. 

3/1/2022 90% Covid limited progress 
on one of the 
communities. 

Develop case study write-ups of the process and lessons 
learned when working with partner communities. 

4/1/2022 50% Covid limited progress 
on one of the 
communities. 

Incorporate this information into the training materials we 
have developed for PIRS, such as the guidebook and 
resources developed under APA. 

5/30/2022 50% Covid limited progress 
on one of the 
communities. 

Update website (mitigationguide.org) to include new 
resources and materials related to the project. 

5/30/2022 50% Covid limited progress 
on one of the 
communities. 

Present findings at one national conference linked to 
associations that represent professional practice that deal 
with mitigation (e.g., APA conference, ICMA conference, 
ASFM conference, National Hurricane Center Conference) 
or at a workshop organized by FEMA. 

6/30/2022 100% Findings presented at 
two national 
conferences: APA 
National Planning 
Conference 
(practitioners); 
Association of the 
Collegiate School of 
Planning (researchers). 

 
IV. RESEARCH PRODUCTS AND DELIVERY   
 

YEAR 7 RESEARCH PRODUCTS AND DELIVERY 
Product Title Product 

Type (select 
from list 
above) 

Brief Product 
Description 
(include 
Function / 
Purpose) 

Date 
Delivered 

(or 
projected 

date of 
delivery) 

 

Transition 
Method / 
Activity 

Malecha, M., Masterson, J.H., Yu, S. & 
Berke, P. 2019. Plan Integration for 
Resilience Scorecard™ Guidebook: 
Spatially evaluating networks of 
plans to reduce hazard 
vulnerability – Version 2.0. College 
Station, Texas: Texas A&M 
University. http://mitigationguide.org/wp-
content/uploads/2018/03/Guidebook-
2020.05-v5.pdf 
 

Method Integrate PIRS 
with APA best 
practice 
sustainability 
standards for 
comprehensive 
plans 

Update of 
version 
3.0, April 
2023 

Placed on Plan 
Integration Hub 
website 
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Jenson, L and P Berke. 2022. Application 
of PIRS to mitigate effects of urban heat 
extremes: Boston, MA 

Method Extend PIRS to 
urban heat 

Summary: 
Findings 
& lessons 
learned: 
June 2022 

Placed on Plan 
Integration Hub 
website 

APA professional training and certification 
program for the Plan Integration for 
Resilience Scorecard TM 
 

Result/Concept Web-based 
training module 

July 2022 Placed on 
American 
Planning 
Association 
website 

 
 

V. PUBLICATIONS  

Peer Reviewed 
Berke, P, J Kates, M Malecha, J Masterson, P Shea, and S Yu. Using a Resilience  

Scorecard to Improve Local Planning for Vulnerability to Hazards and Climate Change: An 
Application in Two Cities. Cities 119. doi.org/10.1016/j.cities.2021.103408 

 
Non-peer reviewed publication 

Berke, P, J Masterson, M Malacha, A Torres, and S Yu. 2022. Improving the Quality of  
Individual Plans and Integration of Networks of Plans: An Application to a Low-capacity 
Community Vulnerable to Disasters and Climate Change, paper presented at the Association of 
the Collegiate Schools of Planning, Oct. 7 [online]. 
 

Malecha M, S Yu, M Roy, N Brand, P Berke. 2022. Ch. 14: 
Plan evaluation for flood-resilient communities: The plan integration for resilience scorecard, 
Coastal Flood Risk Reduction, Elsevier Press: 177-191  

 
Presentations (invited):  
 

- American Meteorological Society Workshop on the Workforce in Climate + Urban   Planning, May 5, 
2022 [online] 
 
-National Planning Conference, May 10, 2022 [online]  
 
-Association of Collegiate Schools of Planning, Oct. 7, 2022 [online] 

 
VI. PERFORMANCE METRICS 

 
 
 
 
 
 

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=jMEA5yMAAAAJ&sortby=pubdate&citation_for_view=jMEA5yMAAAAJ:4Yq6kJLCcecC
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YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where 

indicated) 

Internships hosted  0  
Undergraduate students who received tuition / 
fee support / stipend  

0  

Graduate students who received tuition / fee 
support / stipend   

0  

Undergraduates who received HS-related degrees 
 

0  
Graduate students who received HS-related 

  
3  

Graduates who obtained HS-related employment 
 

1  
Journal articles submitted  1  
Journal articles published  1  
Conference presentations  2  
Other presentations, interviews, webinars 1  
Patent applications filed    
Patents awarded    
Trademarks/copyrights filed    
Requests for assistance/advice from DHS agencies  yes Training 15 fed agency 

staff currently working in 
Louisiana after hurricane 

Requests for assistance/advice from other federal 
agencies or levels of government 

 Brief description 

Total dollar amount of external funding  How much was from DHS? 
How much was from 
other sources?  Brief 
description of each. 

Total number of milestones for reporting period  8  
Accomplished fully  2  

Accomplished partially  6  
Not accomplished  0  
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PI: Becker/University of Rhode Island 
DHS COASTAL RESILIENCE CENTER 

RESEARCH PROJECT 
YEAR 7 ANNUAL REPORT 
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

 
Project Title: Coastal Hazards Analysis, Modeling, and Prediction System for Emergency Management and 
Response 
 
Principal Investigator Name/Institution: Austin Becker, University of Rhode Island (URI) Marine Affairs 
 
Additional Research Participants/Partners: Pam Rubinoff (URI Coastal Resources Center); Christopher 
Damon (URI Environmental Data Center); Isaac Ginis (URI Graduate School of Oceanography); Peter 
Stempel (Penn State University); Sam Adams (Asst. Director of URI Public Safety and MAF PhD student) 
 
Short Project Description (“elevator speech”):  
The Year 7 project delivers a real-time Rhode Island Coastal Hazards Analysis Modeling and 
Prediction (RI-CHAMP) system (www.RICHAMP.org) for hurricanes and nor’easters in Rhode Island (RI) 
that incorporates end-user concerns. RI-CHAMP can be used by emergency managers in an Emergency 
Operations Center (EOC) during a storm event or for planning exercises. Our RI-CHAMP system integrates 
end-user concerns regarding storm impacts with the ADCIRC-Surge Guidance System to provide 
predictions of the consequences of extreme weather impacts to critical infrastructure (e.g., wastewater 
treatment facilities, hospitals, police stations, and seaports). By the end of Year 7, the pilot system will be 
ready for transition to operations in Rhode Island’s State EOC. 

 
II.  PROJECT NARRATIVE 

 
1. Project overview:  

Emergency managers need access to relevant, local-scale, actionable information about the potential 
consequences of extreme storm events in advance of a storm’s landfall. In Years 1-6, with the Ginis project, 
we developed, tested, and refined a novel approach to collect storm consequence data (Witkop et al. 2019) 
and coupled it with ADCIRC high-resolution storm model outputs (Stempel et al. 2018). In Year 3, we 
piloted our approach in Westerly, RI, where we collected 102 “hazard consequence thresholds” from 11 
critical infrastructure facilities. A “hazard consequence threshold” includes six primary components: the 
asset, its location, the hazard of concern (flood, wind, or wave), a threshold, consequences if the threshold is 
exceeded, and an estimated recovery period.  
 
In Year 5, we expanded and refined our approach in RI’s capital city (Providence) in close collaboration 
with a steering committee consisting of local, state, and federal level end users. Throughout this project, a 
steering committee provided feedback regarding data collection protocols, facilities to include in data 
collection, and helped engage and encourage facility managers to participate. In Providence, our research 
team identified 306 “hazard consequence thresholds” (for wind, surge, flooding) collected from 45 critical 

http://www.richamp.org/
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infrastructure facilities located in the city’s 500-year floodplain (Becker et al. 2021). Through focus groups 
conducted in partnership with end-user agencies, including the RI Emergency Management Agency 
(RIEMA), the RI Department of Health (RIDOH), and Providence Emergency Management Agency 
(PEMA), we vetted the methodology for collecting local and regional consequences of infrastructure 
damage, at site-specific scale, and for integrating these data with the type of real-time predictive storm 
models already in use at EOCs around the country (e.g., ArcGIS Enterprise and WebEOC).  
 
In Year 6, we developed the RI Coastal Hazards, Analysis, Modeling Prediction System (RI-CHAMP) 
system, a protype real-time hazard and impact prediction online dashboard for major storm events in RI that 
can be used in the State EOC. We also developed a web-based geospatial reporting tool using Survey123 
(an ESRI web and mobile survey application), to collect the “Hazard Consequence Threshold” (HCT) data 
from facility managers, along with training materials for accessing, using, and managing collected data with 
Survey123. Survey123 allows for streamlined data collection through real time geolocation and recording of 
assets through a user-friendly online survey form. In addition, we scaled data collection to two infrastructure 
sub-sectors statewide: Wastewater Treatment Facilities and Maritime Transportation Systems.  
 
In Year 7, we are preparing the RI-CHAMP system to be operationalized for use in Rhode Island’s State 
EOC. Our research team worked with state emergency managers to develop resources and guidance 
documents to facilitate the adoption and handling of the RI-CHAMP system as part of RIEMA’s emergency 
planning framework. Guidance documents include instructions for intended use of the RI-CHAMP system, 
data handling and management, and steps for data sharing of key information from the system. In addition, 
we completed a virtual training workshop with RIEMA and other key end-users in January 2022. During the 
training workshop, emergency managers were given access to the dashboard viewer and were led through 
guided exercises that highlighted the key components of the dashboard. After the training, feedback from 
the emergency managers was collected and used to make modifications to the dashboard to improve its 
usefulness for emergency managers. We have also developed a transition plan for handoff to RIEMA so that 
the system may be operationalized at the conclusion of DHS funding support. 
 

2.  Results 
Activity 1 – Prepare system to be operationalized, including user manual, data protocols, and identify 
potential funding streams for system handoff and institutionalization with RIEMA 
During Years 1-6 a reliable, efficient method was developed to couple ADCIRC model outputs with the 
database of HCTs elicited from emergency managers and to generate high resolution inundation maps using 
an interactive web-based dashboard system. This effort has been integrated into a Rhode Island Coastal 
Hazards Analysis Modeling and Prediction (RI-CHAMP) system for hurricanes and nor’easters in Rhode 
Island. 
 
In Year 7, the data collection training materials developed during Year 6 (Appendix 1) were reviewed by the 
URI research team and our RIEMA partners. Reviewers suggested that a shorter field operating guide for 
quick guidance in the field or in an EOC should also be developed in addition to a comprehensive manual 
(see Appendix 4 and Appendix 5). The data collection field operating guides and four training videos 
(Figure 1 and at https://tinyurl.com/26mvhens) were sent to facility managers who requested to add 
additional consequence threshold points at their facility.  
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Figure 2 - Training videos available at https://tinyurl.com/26mvhens 

Staff in URI’s own Office of Emergency Management used the tool to collect data for a hazard mitigation 
plan at the URI Bay Campus, piloting this approach for potential replication by other facilities or municipal 
applications for hazard mitigation planning. We received positive feedback on the ease of the tool and the 
data collection process, inspiring confidence that the tool is ready for greater deployment statewide for 
autonomous data collection by critical infrastructure facility managers.  
 
A main accomplishment of this activity in Year 7 is the transition of the RI-CHAMP system from a 
demonstration project to an operational resource within the SEOC in coordination with the Ginis/Stempel 
project (Figure 2). The analysis scripts developed in Years 1- 6 were refined according to end-user needs 
and translated from the “R” programming language to the Python programming language to better integrate 
them with the State of Rhode Island’s Enterprise GIS System. This work has furthered the testing and 
refinement of the RI-CHAMP dashboard. The types of impacts analyzed have been expanded, and processes 
have been adjusted to suit end-user needs. In addition, a more efficient method for storing large amounts of 
elevation data for inundation analysis has been devised and implemented as part of the system. The software 
translation and refinements fill a fundamental role in integrating ADCIRC and end-user concerns with 
widely used GIS systems. 
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Figure 3 - Schematic diagram of the Rhode Island Coastal Hazards Analysis Modeling and Prediction (RI-

CHAMP) system. 

Activity 2 – Integrate, test, and vet the system for real time readiness, in collaboration with Ginis 
ADCIRC modeling team, RIDOT, and RIEMA 
In January 2022 of Year 7, we completed a RI-CHAMP End-user Training Workshop titled “Using the 
Dashboard” (See Appendix 1 and 2). Twelve attendees from RIEMA, Providence Emergency Management 
Agency, RIDEM, RIDOH, FEMA, and DHS participated in the workshop. Feedback on the usability of the 
dashboard tool and example scenario exercises guided subsequent dashboard layout and content 
improvements. 
 
In collaboration with our partners, we developed a draft “transition plan” that identifies the tasks necessary 
for a handoff to operations (Table 1). We are currently working with RIEMA leadership to identify funding 
support for this transition at the conclusion of the DHS supported project (post Year 8). A detailed 
breakdown of tasks can be found in Appendix 3 of this report. 
 

Table 1 - Transition to operations tasks 

Task Development tasks  
(funded by DHS) 

Production tasks  
(beyond scope of DHS funding) 

1: Hosting and server 
administration and 
technical support 

Development environment for RI-
CHAMP components (IACT database, 
FME server, ArcGIS interface) on URI's 
own servers 

Maintain the production (i.e., live/ongoing) server 
environment for the RI-CHAMP components on the 
State Enterprise GIS server 

2: Maintain and 
develop the 
Infrastructure Asset 
Consequences 
Thresholds (IACT) 
database 

Develop the IACT database and 
populate with pilot data (e.g., 
wastewater treatment and maritime 
transport facilities) 

Maintain the IACT database and administer user 
accounts; Modify and enhance IACT database to 
capture new and update existing data as needed; Assist 
Facility Managers with periodic data verification and 
modifying the database and collection tool when new 
critical infrastructure sectors are added to the RI-
CHAMP system 

3: Maintain and 
update the RI-CHAMP 
end-user interface 

Design/build the ArcGIS dashboard 
interface for end users, including 
dashboard deployments for real and 
simulated storms during the 

Populate dashboards for new real-time storm events, 
updating as new forecasts are issued and modeled by 
RI-CHAMP; Add dashboards for new “reference storms” 
scenarios beyond those already created as part of the 
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development period covered by the 
DHS grant 

DHS project (i.e., to support new planning and exercise 
scenarios) 

4: Maintain and 
manage the RI-
CHAMP on-demand 
hurricane forecasting 
system 

During the DHS-funded development 
period, generate ADCIRC storm models 
on the RENCI system including custom 
storm simulations for hazard 
mitigation planning purposes 
(“reference storms”) and trigger near-
real-time modeling when RIEMA is 
preparing for an actual hurricane event 

Continue to perform these tasks beyond the scope of 
the DHS project; Manage/maintain links for RI-CHAMP 
to pick up ADCIRC output files and ensure on-demand 
storm dashboards are updated and functioning properly 
during actual hurricane events 

5: General project 
management 

During the DHS-funded development 
period, manage and administer the RI-
CHAMP components including end-
user support; Serve as a point of 
contact for Facility Managers, Sector 
Leads, and local Emergency Managers 
seeking assistance with RI-CHAMP 
implementation; Develop and deliver 
RI-CHAMP training materials 

Administer and manage the RI-CHAMP system beyond 
the DHS-funded timeframe; Serve as RI-CHAMP's point-
of-contact for all stakeholders; Update RI-CHAMP 
training materials to reflect ongoing system 
enhancements 

6. Trainings and 
institutionalization 

Initial training materials created; SOP 
created 

Conduct trainings with sector leads, facility managers, 
and other end users; Integrate RI-CHAMP data 
collection with existing risk assessment protocols and 
procedures 

 
 
During the Fall of 2022, Hurricane Henri made landfall on Rhode Island’s coast. This storm presented an 
opportunity to test the RI-CHAMP system for near real-time readiness. This included the running of storm 
models using ADCIRC by the GINIS team which were then shared with emergency managers at RIEMA 
through web accessible maps and dashboards. Challenges to near real-time reporting focused specifically on 
the turn-around time for online web maps, visualization tools, and digital impact reports. Since the 
Hurricane Henri demonstration was being conducted in real-time as the event unfolded, the exercise 
provided a perfect opportunity to “stress test” the analysis methodology to ensure that all required 
operations were accounted for, and to identify specific sections of the workflow that were causing 
processing bottlenecks or consuming an excessive amount of time. As a result of these efforts, the research 
team optimized existing scripts and models to read and write data in a much more efficient manner, and the 
underlying RI-CHAMP database was redesigned to streamline how web maps and dashboards are 
created/updated. Combined, these modifications reduced turn-around time by more than two hours, in the 
most extreme cases, and prepared the system for full automation. 
 
Activity 3 – Expand hazard consequence thresholds data collection to additional critical 
infrastructure sectors through development of trainings and outreach to Critical Infrastructure and 
Key Resource (CIKR) leads 
Our team expanded data collection to the URI’s Office of Emergency Management and reviewed existing 
hazard consequence thresholds in the Infrastructure Asset Consequence Threshold (IACT) database. This 
secure database is hosted and managed on the RI State Enterprise GIS system. To date, we have collected 
575 hazard consequence thresholds for 374 assets of concern (Table 2 and Figure 3). These include hazard 
consequence thresholds collected during the Providence Pilot in Year 5, the statewide expansion of the 
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Wastewater Treatment and Maritime Transportation sectors in Year 6 which continued into Year 7, 
consequences added by facility managers in Year 7 as they reviewed past data from Years 5 and 6, and 
consequences collected by URI Emergency Managers at the URI Bay Campus in Year 7 for inclusion into 
their Hazard Mitigation Plan. 
 

Table 2. Summary of RI-CHAMP data collected as of June 2022 

 
 

 
Figure 4. Map of RI-CHAMP data collected by sector (as of June 2022) 
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Activity 4 – Incorporate other existing GIS layers (e.g., RISCON 800 MHz public safety radio system, 
evacuation routes) 
To pilot the adoption of our approach into “generalized” hazard consequence thresholds statewide, we 
selected two statewide GIS datasets in consultation with our steering committee (Figure 4): Fire Stations 
and Hurricane Evacuation Routes.  
 
The Fire Stations dataset is publicly available at the Rhode Island Geographic Information Systems website 
(RIGIS 2017). For the Fire Stations dataset, we created an online survey and administered it to fire chiefs 
statewide. The survey was designed to obtain a set of “standard” consequences the stations could experience 
during a major storm event. The consequences included flooding that prevents emergency response vehicles 
from leaving or entering a station, flooding of backup generators, flooding that requires the temporary 
relocation of operations, wind speeds that prevent vehicles from operating, and wind that damages antennas. 
We consulted with local emergency managers and previous consequences collected during the Providence 
and Westerly pilot studies to develop these “standard” consequences. We then developed a survey for RI 
fire chiefs to gather data on the thresholds for each consequence. We are currently partnering with the RI 
Association of Fire Chiefs to gather an adequate sample of thresholds from fire stations across RI. Once 
collected, we will analyze the data the assign a threshold to each “standard” consequence.  

 
The Hurricane Evacuation Routes dataset is available at the Homeland Security Infrastructure Foundation-
Level Data website (HSIFLD 2007). We conducted a low-point analysis of evacuation routes (roads) to 
identify areas vulnerable to flooding under modeled storm conditions. For the low points analysis we 
assessed the elevations along RI evacuation route road segments. For each road segment we extracted the 
point along the segment with the lowest elevation. The points were filtered to remove those at elevations 
less than 5ft to remove artificial low points near bridges and points with an elevation more than 35 ft, for 
which storm surge flooding would not occur. The points were also filtered to segments greater than 500ft to 
reduce bunching of points along short segments of road. Each low point was assigned a threshold of 8 
inches for flooding (obtained from conversations with the steering committee and previous pilot projects as 
the point at which emergency vehicles could no longer pass), with the consequence that roads may be 
flooded and impede evacuation of vehicles. The threshold is then used to determine where flooding would 
occur along roads during the modeled storm event. 
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Figure 5 - GIS Datasets Fire Stations (left) and Hurricane Evacuation Routes (right) 

To date, we have developed a preliminary dashboard incorporating the two new GIS layers as additional 
tabs on the online mapper. Work is ongoing to include the data as a component of the near-real-time 
processing of modeling data so as to display when storm hazards are projected to exceed thresholds and 
trigger consequences.  
 
Activity 5 – Development of Incident Command System reporting system to push consequences to 
sector leads and/or facility managers in advance of an event 
We created templates for printable “Consequence Prediction Reports” filtered by municipality, facility, and 
Emergency Support Function (ESF). The format is based on an existing “Situation Report” format familiar 
to many emergency response end-users. The prediction reports are generated as PDF files that EOC staff 
can upload to their WebEOC system or email directly to stakeholders who do not have direct access to RI-
CHAMP. The report templates have been finalized and will be functional once the necessary dashboard 
configuration is complete (Figure 5).  
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Figure 6 - Consequence Prediction Reports 

Activity 6 – Dashboard and database improvements, based on feedback and in collaboration with 
RIDOT 
We received feedback from the steering committee on the usability and presentation of the pilot dashboard 
during the January 2022 dashboard training workshop. We used this feedback to make edits to the 
dashboard interface, including displaying consequences in chronological order for impact starting time, 
emphasizing the contact information in the asset popups, cleaning up pop ups to remove blank information, 
and including lifeline sectors. As most of these changes were initially made on a dashboard on URI’s 
ArcGIS Online, work is ongoing to ensure that the changes will function once transferred over to the State 
of RI ArcEnterprise server. 
 
In May 2022, we participated as observers in the Southern New England Tabletop Exercise 
(https://www.weather.gov/box/SNE_tabletop) at RIEMA. The event was hosted by the National Weather 
Service (NWS) with participation from New England state emergency management agencies, the US Army 
Corps, and the Coast Guard. Participation allowed us to gain perspective on the real-time use of model 
forecasts and introduced us to some newer NWS products. An additional follow-up meeting via zoom 
between the RI-CHAMP team and NWS Boston forecasters in June 2022 allowed us to inform NWS on the 
RI-CHAMP process and output products. The meeting resulted in a new action item to develop a means to 
also provide the local NWS office with RICHAMP output during storm events, further ensuring the use of 
our modeling efforts. 
Activity 7 – Perform intellectual property assessment of tool 
We reviewed all aspects of the RICHAMP system with the Office of Intellectual Property & Economic 
Development at URI and determined that no patentable inventions were created in the conduct of the 
project. Original computer code was written in Python, e.g., to integrate consequence threshold data with 
storm model outputs. URI grants non-exclusive, royalty-free use of all such code under a permissive BSD-
style license. Licenses obtained from third parties for the project are listed in Table 3. 
 
 

https://www.weather.gov/box/SNE_tabletop
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Table 3 - IP Assessment 

Software 
or tool 

Brief description 
of function 

IP 
assessment Notes 

ArcGIS 
Enterprise 

Web based 
mapping and data 

visualization 

Annual 
licensing 
required 

RIEMA is a client of the State ArcGIS Enterprise system, and as such 
regularly contributes to the annual licensing and maintenance fees. RI-

CHAMP was built specifically to be fully compatible with, and reside 
within, the State's GIS and IT infrastructure. 

FME 
Server 

Model automation 
and notification 

Annual 
licensing 
required 

FME Server is the software that automatically triggers additional 
impact modeling and dashboard updates when new forecasts are 
released by the National Weather Service. We were requested by 

managers of the RI Enterprise System to specifically use this software 
for automation as they already rely on this application to support other 

State initiatives. 

Python Analysis of storm 
models 

No licenses 
required 

Python is an open-source software distributed under the "Python 
Software Foundation License". This is a no-cost, permissive license that 

does not place limits on derivations or proprietorization. 

Anaconda 
Repository 

Provision of 
software modules 
used for analysis 

No licenses 
required 

Access to the repository and all software is provided free without 
license for non-commercial use. 

 
 

3. End users: 

Our research project engaged with a steering committee comprised of emergency managers at the federal, 
state, and municipal level. In Year 7, we worked with the previously established steering committee and our 
five previous key partners (RIEMA, PEMA, RIDOH, DHS, CISA), plus a new sixth key partner (RIDOT) 
(see Table 4). RIDOT has selected this project as a testbed for rollout of its new Statewide ESRI Enterprise 
GIS system and has dedicated staff time and technical support from ESRI to ensure project success. RIEMA 
partners provided staff time and access to technical support from ESRI to ensure project success. Key 
partners provided regular input and guidance, including direction with respect to technical requirements of 
the database system and interface. The established steering committee and key partners lend the project 
credibility and ensure all project activities and final products are end-user focused.  

Table 4 - Steering committee members 

Organization Name Title Role 

Rhode Island Emergency 
Management Agency (RIEMA) 

Tom Guthlein 
Christine Willet 
Joe Dwyer 
Alexander Potts 

Operations Section Chief 
Crisis Information Management Key Partner 

Rhode Island Dept. of Health 
(RIDOH) Nick Larmore Chief of Center for Emergency 

Preparedness and Response (CEPR) Key Partner 

Providence Emergency 
Management Agency (PEMA) Clara Decerbo Director Key Partner 

Department of Homeland 
Security Erik Ulman 

Protective Security Advisor, RI District, 
DHS Cyber Security and Infrastructure 
Security Agency 

Key Partner 

Rhode Island Dept. of 
Transportation (RIDOT) 

Steve Sawyer 
Steve Kut 

GIS Supervisor 
GIS Program Analyst Key Partner 
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Rhode Island Dept. of 
Environmental Management 
(RIDEM) Office of Water 
Resources 

Bill Patenaude Principal Engineer 

Steering 
committee, 
sector lead, 
provided data, 
tested results, 
attended 
training 

URI Office of Emergency 
Management Sam Adams Director Key Partner 

 

Testimonials from selected Key End-User Partners 
End-users have given our project an enthusiastic reception and are excited about the potential contribution 
that our tools can make for emergency response and decision making. They wished to include the following 
testimonials for this report: 

“As Rhode Island's wastewater sector learned twelve years ago during the floods of 2010, advance 
warning of approaching threats is crucial for reducing the impacts of those treats to physical 
infrastructure and, most importantly, to the men and women who operate and maintain wastewater 
collection and treatment systems. There is no doubt that URI’s Real Time 3-D Storm Impact Modeling 
Program will help the wastewater sector--and the people of Rhode Island who rely on wastewater 
services--to minimize the effects of approaching storms. URI and the team assembling this system 
are to be commended for envisioning this program and making it a reality.” Bill Patenaude, Principal 
Engineer, RIDEM 
 
“URI’s Real Time 3-D Storm Impact Modeling Program will provide Coast Guard Captain of the Port 
Southeastern New England critical data to support the decision-making process in determining Port 
Conditions and addressing the potential impacts to commercial vessels and facilities throughout the state.” 
Kevin Blount, Marine Transportation Recovery Specialist, USCG 
 
“Work to date on this critical modeling and impact analysis tool is incredible. When fully functional, this 
tool has the potential to transform the very nature of emergency management relating to storm surge and 
other coastal inundation events. This project, even in its current unfinished state, has introduced 
capabilities that have long been sought yet remained unfulfilled due to a lack of understanding and belief 
that such a product could be made. It would be a travesty, and detrimental to the protection of the 
homeland if this project were to remain unfinished. Future funding for completion of this project is an 
absolute imperative.” Erik P. Ulmen, PMP, Protective Security Advisor, Rhode Island, US Department of 
Homeland Security, Cyber and Infrastructure Security Agency (CISA) 
 
“URI’s Real Time 3-D Storm Impact Modeling will allow Emergency Managers to determine the potential 
impacts to critical infrastructure. It also will allow states to strategically plan to mitigate those storm 
impacts.” Tom Guthlein, Executive Administrator, RIEMA 
 
“Over the past six months, RIDOH has worked to support the University of Rhode Island's important Hazard 
Consequence Threshold Modeling project, coordinating with facility operators of healthcare and public 
health critical infrastructure throughout the State. While work to complete the project is ongoing, RIDOH 
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and its partners in the Healthcare Coalition of Rhode Island have deepened their understanding of the 
hazards and consequences that face this infrastructure. RIDOH and its partners are eager to continue 
participation in this project and to explore ways to leverage the data collected in support of Rhode Island's 
healthcare system.” Nicholas Larmore, Center for Emergency Preparedness and Response, RIDOH 
 

4. Transition: 
 
A focus of Year 7 activities was the adoption of the data collection protocol and RICHAMP dashboard to 
RIEMA as part of their emergency management protocol during a major storm event. Activities in Year 7 
that supported transfer of the RI-CHAMP system for use by RIEMA included development of guidance 
documents, training materials, and exercises on integration of the dashboard and associated materials for use 
in the State EOC. In addition, our research team hosted a training exercise with emergency managers that 
serve in the State EOC for planning purposes or during a major storm event.  
 
Once fully operationalized, the RI-CHAMP system can be used for near real-time application during the 
hurricane season in Rhode Island or for training exercises. This training curriculum also provides a 
foundation for the RIEMA staff to use for training municipal EOC personnel. Potential avenues of funding 
to support maintenance and expansion of the RI-CHAMP system are being identified through the RIEMA 
channels and our research team is working closely with RIEMA to identify the best path forward. While 
transition of the RI-CHAMP has taken longer than expected, RIEMA plan to use the system in its EOC 
during this summer’s hurricane season in Rhode Island.  
 
5.Project Impact: 
 
Our RI-CHAMP system advances current storm hazard impact prediction systems used by emergency 
managers during a major storm event by leveraging high-resolution storm models generated by the Ginis 
modeling team paired with localized information regarding storm impacts. This gives emergency managers 
access to relevant, actionable, and contextualized information that can be used to support emergency 
management and response. Our RI-CHAMP system can predict potential storm impacts hours before a 
storm makes landfall, giving emergency managers additional time and capacity to respond to storm impacts 
before they occur. Advanced warning has the potential to save lives, reduce storm impacts, and save money 
from storm damage while also increasing the operational capacity of emergency managers to plan for and 
respond during a major storm event. This project also ties into statewide efforts to integrate new outside data 
sources and systems into the newly adopted Statewide Enterprise GIS system, a pilot activity being worked 
on between RIDOT and RIEMA. RIDOT and RIEMA view this system to support and champion the 
implementation of the newly acquired Statewide Enterprise GIS systems. 

6.Unanticipated Problems:  

During Year 7, we experienced unexpected challenges that caused delays to research activities. The specific 
challenges experienced are addressed below: 
a) We did not receive initial Year 7 funding until 12/30/21 resulting in a 6-month delay in our ability to 

begin various aspects of the project. We continued to work with our steering committee and other key 
end-users while we waited for funding support. 
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b) Our project relies heavily on the active engagement of a steering committee that consists of high-level 
decision makers in Rhode Island. Due to COVID, scheduling meetings took much longer than originally 
anticipated, thus we were not always able to move as quickly on action items as we had planned.  

c) Two of our main action items involve end-user workshops and trainings. Scheduling of these has been 
pushed back due to the COVID-related strains on staff and resources at our partner agencies. 

d) Integration of the web-accessible dashboards and near real-time reporting system on state infrastructure 
requires coordination with multiple state agencies and the Division of Information Technology (DoIT) 
to ensure computing infrastructure and software match URI development resources. URI has no special 
leverage with these groups and requests cannot always be addressed in a timely manner. 

7.Student Involvement and Awards:  
Number of Students  

Five graduate students were involved on this project, with one being fully supported, one being partially 
supported, and the other three being supported with leveraged funding. 

Role of Students 

• Sam Adams, a PhD student in the Marine Affairs program at URI, aided with developing the training 
materials and procedures, including the design and content of the Consequence Prediction Report 
templates. In addition, Sam led a guided training with emergency managers at RIEMA on the 
dashboard and data collection. Sam also facilitated the autonomous data collection of new 
consequence threshold data by URI Office of Emergency Management staff. 

• Kyle McElroy, a PhD Student in the Marine Affairs program at URI, led the drafting of the training 
materials (a training manual, videos, and field operating guides). She also led the incorporation of the 
GIS layers activity by completing the low point analysis on the RI evacuation routes and creating a 
survey to collect general thresholds for consequences through the RI Association of Fire Chiefs. 
Additionally, she assisted in completing Activity 5 by providing necessary guidance materials and 
coordinating the autonomous collection of new data by a few facility managers and emergency 
managers from URI. Kyle also helped complete dashboard improvements and continues to assist URI 
EDC with tasks related to improving the IACT database structure on the Rhode Island State 
Enterprise. 

• Noah Hallisey, a PhD Student at URI, supported the drafting of training materials for the RIEMA 
handover. In addition, he supported identifying and integrating additional GIS layers into the 
dashboard. Noah also aided in the drafting of a journal article that was recently published in the 
Journal of Homeland Security and Emergency Management. 

• Rosemarie Fusco, a PhD student at URI, supported various activities, including assisting with data 
collection and meeting facilitation.  

• Emma Shanahan, a Master of Environmental Science and Management student at URI supported 
recruitment for and development of workshop materials for the guided training with emergency 
managers at RIEMA. Additionally, she assisted with creating the data collection training videos.  

Degrees Attained 
    N/A 
Awards Achieved 

   N/A 
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Jobs Secured 
   N/A 
 

8. Theses and Dissertations Completed in Y7 
 N/A 
 
9.  Involvement in DHS Summer Research Teams for Minority Institutions Program 
  N/A  
 

III. RESEARCH ACTIVITIES AND MILESTONES 

 

Activity 

 

7/1/2021 – 6/30/2022 

% Complete 

(Expected 
completion 

date) 

Explanation of why activity/milestone 
was not 100% completed 

Activity 1 – Prepare system to be operationalized, 
including user manual, data protocols, and 
identify potential funding streams for system 
handoff and institutionalization within RIEMA. 

 

 

 

 

 

 

 

 

 

 

 

 

Activity 1A: 

A plan will be developed with the partners to ensure 
the handoff is successful. Identifying funding streams 
and agency roles will be essential for a successful 
institutionalization 

 

 

Activity 1B: 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

75% 
 

04/23 
 
 
 
 
 
 

Training materials for data collection have 
been tested and are in the final draft 
stages (videos, field operating guides, and 
main training manual), and the dashboard 
use training materials are drafted. We are 
waiting on the implementation of the 
dashboard on the RI State Enterprise 
system to finalize access and usage details, 
and thus to finalize the documents. 

Transition planning and discussions 
ongoing with RIEMA. Budget created for 
estimate of continual contract with URI to 
optimize and refine RI-CHAMP tool and 
collect more data. 

 

 

 

 

A transition plan draft has been created 
and discussions for identifying funding 
streams and roles with RIEMA to overtake 
the RI-CHAMP system are ongoing. 

 

 

 

We have developed training materials, 
including a training manual, video, and 
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Resources, including a guidance document to 
facilitate the adoption of data collection and handling 
of the RI-CHAMP system as part of RIEMA’s 
emergency planning framework, will be developed. 
RI-CHAMP Guidance documents 

 

Activity 1C:  

Finalize training materials developed in Year 6 for 
use by RIEMA trainers for future use. This includes 
tool specific instructions (e.g., dashboards, survey 
tool, presentations/videos), as well as workshop and 
tabletop exercise curricula. 

Activity 1D: 

Develop cost estimates for operations and maintenance 
outside side of grant funding. This activity developing a 
plan to transition operations and maintenance of the RI-
CHAMP system from the University of Rhode Island to 
our RIEMA and RIDOT partners. A break-down of costs, 
annual workforce hours, capabilities, and systems that will 
be required for operations and maintenance outside of 
grant funding. The EDC will help develop estimates for 
technical requirements for maintaining the system on the 
RI State Enterprise System, including the estimated hours 
for personnel to operate and update systems. The URI team 
will also help provide estimates on workforce hours and 
effort required to perform annual reviews of the existing 
database consequence threshold.  

For all Activity 1: 

a) What homeland security enterprise capabilities it will 
serve: 

This activity serves: Planning, Operational 
Communications; Risk and Disaster Resilience 
Assessment; Long-term Vulnerability Reduction; 
Situational Assessment; Threats and Hazards 
Identification 

b) How it will be accomplished and by whom: 

This activity will be overseen by Austin Becker, Sam 
Adams, and Pam Rubinoff, in coordination with 
RIEMA partners who work on sector-based initiatives. 
Assistance will we be provided by graduate student 
research assistants. This activity will be conducted with 
guidance from the RIEMA and the steering committee. 
The developed transition plan (and required resources) 
will be approved formally acknowledged by RIEMA 
and RIDOT partners. 

c) What homeland security enterprise capabilities will it 
serve: 

The activity contributes to information sharing 
capabilities to provide RIEMA and other state agencies 

 
 

75% 
 

04/23 
 
 
 

85% 
5/2023 

 
 
 

75% 
04/23 

 
 
 
 
 

presentation, that are currently being 
updated to reflect feedback from a 
training exercise with RIEAMA and other 
key end users, as well as updates based on 
changes and improvements to the RI-
CHAMP system. 

 

We are currently working on finalizing 
training materials developed in Year 6 
based on comments/feedback provided by 
RIEMA and other key end-users. 

 

 

We are currently working with leaders at 
RIEMA to determine the resources and 
staff needed for transitioning and 
maintaining the RI-CHAMP system. 
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with information to protect local communities during 
extreme storm events. It supports that adoption of tools 
that can be used by emergency services professionals to 
prevent, protect, respond, and recover from natural 
disasters. 

d) Specific outcomes or deliverables: 

Materials developed will clearly define individual pieces 
of the system and how they interact with one another, in 
addition to providing guidance for how the database, 
modeling tools, and visualization systems integrate into 
decision- maintenance during a real-time storm event. 

e) Means by which those outcomes or deliverables will be 
placed into practice: 

RIEMA will be provided with a plan to adopt this within 
their existing Emergency Management Framework and 
integrate with existing procedures of the EOC and the 
associate Emergency Support Functions 

 

Activity 1Milestones 

1. Guidance and partner agreements are delivered in 
partnership with end-users for incorporation into 
RIEMA’s EOC operation. 

2. Training toolbox delivered to RIEMA. RIEMA will be 
provided with a plan to adopt this within their existing 
Emergency Management Framework and integrate with 
existing procedures of the EOC and the associate 
Emergency Support Functions 

3. Transition plan developed and accepted by RIEMA and 
RIDOT for continued operations and maintenance of RI-
CHAMP system 

4. Guidance and partner agreements are delivered in 
partnership with end-users for incorporation into 
RIEMA’s EOC operation 

5. Draft training materials have been tested and utilized in 
trainings 

6. Transition planning underway 
 

 

1. Currently in draft form 
2. In development 
3. In draft form 
4. TBD by RIEMA 
5. 100% Complete 
6. 100% Complete 
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Activity 2 – Integrate, test, and vet the system for 
real time readiness, in collaboration with Ginis 
ADCIRC modeling team, RIDOT, and RIEMA 

A) Description: 

Activity 2 will position the RI-CHAMP system from a 
demonstration project to an operational resource within 
the RIEMA EOC. Two primary components of the 
system (consequence database; interactive dashboards 
and reporting tools) will wholly reside on RI State IT 
infrastructure and be coupled to allow the system to 
evaluate the complete asset database for each storm run. 
This will be completed within the File Manipulation 
Engine (FME) software within the State Enterprise 
System at the RIDOT. 

ADCIRC Prediction System (APS)TM generated model 
results (NetCDF files) using the Ginis enhanced model 
mesh for Southern New England will be accessed and 
used to generate visualizations of storm surge layers and 
triggered consequences using integrative scripts that 
generate necessary inundation maps and analyses. The 
initial versions of these scripts were generated in Y1-6. 
Continued development and customization will be 
conducted by Co-PI Stempel as part of the Ginis 
proposal. 

Integration of Incident Command reporting tools (Activity 
5) will summarize predicted outcomes by sector and pass 
this information directly to lead officials and/or facility 
managers for awareness and action. RI-CHAMP is 
designed to operate in both automatic and manual modes 
to accommodate both real time and training scenarios. 

b) How it will be accomplished and by whom: 

The URI Environmental Data Center (EDC) will 
coordinate the transition in close cooperation with 
RIDOT and RIEMA (State IT architecture) and Ginis 
(ADCIRC modeling) and Stempel (integrative scripting). 
It is expected that the inclusion of automatic operations 
will require modifications to the underlying network 
permissions and scripting that allow individual RI-
CHAMP components to communicate. The EDC will 
work directly with team members to resolve issues as 
they arise and to ensure visualization products accurately 
reflect the latest storm forecast parameters. 

c) What homeland security enterprise capabilities it will 
serve: 

This activity serves: Planning, Public Information and 
Warning; Operational Communications; Risk and 
Disaster Resilience Assessment; Long-term Vulnerability 
Reduction; Situational Assessment; Threats and Hazards 
Identification. It supports RIEMA and other state 
agencies in fulfilling their mission to protect communities 
during extreme storm events by supporting the function 

60% 

 

4/1/2023 

The system has been developed for near-real 
time predictions of storm impacts. The GINIS 
ADCIRC modeling team is working on reducing 
the length of model runs, improving post 
model-run sub-setting, and transitioning the 
model to work on additional computing 
clusters. Our team, in conjunction with 
Stempel from the Ginis ADCIRC modeling 
team, and the URI Environmental Data Center 
(URI EDC) have developed high speed scripts 
to process the HCT database that is 
compatible with the State Enterprise System 
and are improving script that improves the 
processing speed of the storm inundation 
surfaces while making them compatible with 
the State Enterprise System to display hem in 
the online web maps.  
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of the RI-CHAMP system. It fills a fundamental role in 
integrating APS TM and end-user concerns with widely 
used GIS systems and is thus has applications for similar 
systems. 

d) Specific outcomes or deliverables: 
A secure database system, housed and maintained by 
RIDOT and RIEMA, capable of displaying consequence 
threshold data in near real-time in conjunction with the 
ADCIRC storm forecasting products. The database will 
support tiered user access and will directly integrate with 
incident visualization tools. 
• ADCIRC modeling outputs from the APS system 
written to a central location on the State Enterprise 
network for direct read access by RI-CHAMP. 
• Automatic updates to the RI-CHAMP 
visualization tools (maps; dashboards) when new 
ADCIRC forecasts are released. Updates will be 
triggered at a periodic interval during RT events (i.e., 
every 6 or 12 hours), or manually for training events. 
• Software scripts supporting expanded data sets 
and end users; refinements to software scripts 
improving functionality in the context of the State 
of Rhode Island’s enterprise GIS system. These 
outcomes are highly connected to activities 1, 2, 3, 
and 6 of PI Becker’s proposal 

e) Means by which those outcomes or deliverables will be 
placed into practice: 

• Integration of RI-CHAMP will be combined with 
training and workshop sessions to ensure RIEMA 
personnel are proficient with the system and capable 
of evaluating outputs. 
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Activity 2 Milestone: 
The back-end scripts supporting the RI-CHAMP system 
support expanded data sets and end users. Testing of the 
system during a real-time event within RIEMA’s WebEOC 
system. 

60% 

 
4/1/2023  (See above) 

 

Activity 3 – Expand consequence thresholds data 
collection to additional critical infrastructure 
sectors through the development of trainings and 
outreach to Critical Infrastructure and Key 
Resource (CIKR) leads 

a) Description: 

This activity will deliver the survey development tool 
developed in Year 6 to additional critical infrastructure 
sectors and facilities, such as utilities or the health sector. 
The Year 6 survey tool will be refined and modified for the 
new sectors with input from CIKR leads. 
Training materials created on the data collection 
methodology developed during Year 6 will be used to 
transition the methodology towards autonomous data 
collection and management by facility managers. Facility 
managers may collect and revise data on their own using 
training materials as reference materials, with no site visit 
performed by a URI researcher. URI researchers will 
provide assistance as needed and revisions will make 
revisions to Year 6 training materials based on feedback 
and observations as facility managers work through the 
data collection and management. Transitioning to 
autonomous data collection is to help optimize data 
collection processes as they transfer over RIEMA. Data 
management and permissions levels and groups for 
ensuring appropriate data sensitivity will be tested and 
vetted with RIEMA, appropriate sector CIKR leads, and 
facility managers. 

b) How it will be accomplished and by whom: 

This will be completed by Dr. Austin Becker with 
assistance from a graduate student research assistant. CIKR 
leads will be engaged in recruiting facility managers 
statewide to participate in the expanded data collection, as 
well as vetting data collection training materials for clarity, 
completeness, and usability. 
 
Survey tools will be developed and managed within the 
EDC with assistance of Chris Damon and Aimee 
Mandeville. 

c) What homeland security enterprise capabilities it will 
serve: 

The consequence threshold database and its integration with 
the RI State Enterprise GIS Portal contributes to 
Information Sharing capabilities, continuing to provide 
RIEMA and other state agencies with information needed to 

  

While data collection is still an ongoing 
activity, the team has developed and 
vetted the existing data collection training 
materials (and performed outreach) with 
other facility managers, URI emergency 
managers, and other emergency managers 
from the steering committee. 

URI emergency managers autonomously 
used the survey tool and collected the data 
with only the training videos and some 
written documents for guidance. 

RIDEM is collecting new data during 
summer 2022. 
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protect local communities during extreme storm events. 

d) Specific outcomes or deliverables: 

Facility survey instrument(s) expanded and tailored for 
additional critical infrastructure sectors and facilities. 

Revised and vetted training materials (videos and 
manuals) for data collection and data management. 
These materials are interrelated to deliverables in 
Activity 4. 

e) Means by which those outcomes or deliverables will be 
placed into practice: 

This activity refines methods and tools to increase practical 
field application of survey tool data collection and 
management through continuous vetting, testing, and 
feedback from engaged end-users (facility manages and the 
Steering Committee). Existing tools are already placed into 
practice, but primarily facilitated by the URI researchers. 
Year 7 will focus on expanded use of existing tools to 
facility managers and other agency end-users. 
 

Activity 3 Milestone: 

One or more CIKR sector leads are engaged and 
using the system to collect data from their facilities. 

 
100% 
7/2022 

 

Activity 4 – Incorporate other existing GIS layers 
(e.g., RISCON 800 MHz public safety radio system, 
evacuation routes) 

a) Description: 

In Year 1-6, this project focused on collecting qualitive data 
through expert elicitation. In Year 7, we will integrate other 
existing GIS layers for critical infrastructure, such as 
evacuation routes and communication networks, into the 
secure database developed in Year 6. We will work with 
pertinent entities in identifying key datasets of critical 
infrastructure assets and the potential consequence 
thresholds for storm impacts. GIS layers will be integrated 
with storm models and be visualized using the interactive 
dashboard and reporting tools. 

b) How it will be accomplished and by whom: 

This activity will be overseen by Austin Becker. 
Integration of existing GIS layers into the consequence 
threshold database will be completed by the EDC with the 
support of a graduate student research assistant. We will 
also work with RIDOT to ensure the successful transfer of 
data into the database stored on the 

RI State Enterprise GIS System. Modifications to integrative 
scripts to accommodate new data types will be further 
supported by Co-PI Stempel as part of the Ginis proposal. 

c) What homeland security enterprise capabilities it will 
serve: 

The addition of existing GIS data supports the sharing of 
information across traditional organizational boundaries and 

1/15/2022 

The team selected two layers (RI fire station 
and Hurricane Evacuation Route low points). 
A survey was sent out to collect general 
threshold data from RI fire chiefs. Due to 
slow survey response rates, data collection 
for this activity was extended for the team to 
conduct more outreach to increase 
participation. 
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provides emergency managers with additional information 
and tools to better serve and protect local communities. 

d) Specific outcomes or deliverables: 

Consequences threshold data for additional critical 
infrastructure and assets utilizing statewide GIS data 
will be integrated into the prediction system and will 
be readily available for emergency managers in the 
EOC for emergency response and planning activities. 

e) Means by which those outcomes or deliverables will be 
placed into practice: 

This activity leverages existing databases and tools and 
methodologies developed in Year 6 to further expand the 
utility of the RI-CHAMP system that will be adopted by 
emergency managers in Year 7. 

 

Activity 4 Milestone: 

Database includes GIS layers withing the RI-CHAMP 
dashboard. 

 90% 

04/2023 

Two existing GIS layers have been 
identified and are being incorporated into 
the IACT database to be including in the RI-
CHAMP dashboard 
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Activity 5 – Development of Incident 
Command System reporting system to push 
consequence prediction reports to sector 
leads and/or facility managers in advance of 
an event 

a) Description: 

  f end users in Year 6, this activity will develop a 
 ng system” that produces PDF reports by facility, 

 tructure Sector, or Emergency Support Function. 
  f these reports will be based on existing templates 

  d users (ex., RIEMA’s Situation Report Form) to 
 uence predictions to state and local emergency 

 ctor leads, and/or facility managers. 

b) How it will be accomplished and by whom: 

This activity will be overseen by Austin 
Becker and Sam Adams, in coordination 
with RIEMA partners who work on 
sector-based initiatives. Assistance will 
be provided by graduate student research 
assistances. 

c) What homeland security enterprise capabilities it 
will serve: 

This activity will support the sharing of information 
and communication among and across traditional 
organizational boundaries during major storm 
events. 

d) Specific outcomes or deliverables: 

The Incident Command System reporting 
function will provide emergency managers with 
consequence prediction reports that can be 
shared with statewide sector leads and facility 
managers, including those who may not have 
direct access to the RICHAMP dashboard. 
e) Means by which those outcomes or 
deliverables will be placed into practice:  
 
 

90% 

12/2022 

Feedback provided and noted for improvements. 
Completion of this Activity is related to automating the 
RICHAMP systems and understanding ESRI’s capabilities. 
Discussions are occurring with ESRI technical assistance. 
Feedback provided and noted for improvements. 
Completion of this Activity is related to automating the 
RICHAMP systems and understanding ESRI’s capabilities. 
Discussions are occurring with ESRI technical assistance, 
and the system is being re-written to work within the 
State Enterprise System.    

Activity 5 Milestone: 

Draft Incident Command report created and 
reviewed by End Users during January 2022 Training 
Workshop.  

100% 

1/2022 
 

Activity 6 – Dashboard and database 
improvements, based on user feedback and in 
collaboration with RIDOT 

a) Description: 

This activity will build upon the database and 
dashboard development activities in Year 6. Direct 
feedback from users will be used to modify system 
workflows, dashboard displays and reporting tools 
to ensure visualizations and metrics are clear, 

80% 

04/2023 

All improvements are based on feedback from a January 
2022 dashboard training workshop that used a 
temporary dashboard on the URI ArcGIS Online server. 
These improvements have been made on the URI 
dashboard, however, final completion of the task is 
related to automating RICHAMP systems and creating 
the dashboard for the RI State Enterprise. How some 
improvements are carried out may be slightly different. 
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useful and actionable. 

b) How it will be accomplished and by whom: 

Implementation will be an iterative and 
collaborative effort between Rubinoff, Adams, 
Stempel, and the EDC. Recognizing that not all 
requested modifications will be feasible, 
Rubinoff/Adams will be responsible for recording 
user feedback during hands-on training and 
workshop sessions. The EDC will review the 
requests and modify database structure and 
visualization tools to implement the modifications. 
Requests that are not able to be addressed due to 
technical limitations or project timeframe will be 
documented in a “wish list” for future development. 

c) What homeland security enterprise capabilities it 
will serve: 

This activity serves: Planning, Operational 
Communications; Risk and Disaster Resilience 
Assessment; Long-term Vulnerability Reduction; 
Situational Assessment; Threats and Hazards 
Identification 

d) Specific outcomes or deliverables: 

An improved RI-CHAMP system designed by users, 
for users, that delivers RT impact and storm forecast 
products in a clear and concise manner. 

e) Means by which those outcomes or deliverables 
will be placed into practice: 

The database and dashboard viewer will be 
adopted by RIEMA for use in the Statewide EOC 
for emergency response and planning. Requested 
changes or additions to the user interface or 
information provided will be cycled back to the 
user community to ensure the intended goals are 
met prior to final implementation. 
. 

Activity 6 Milestone: 

Evaluation mechanism established and employed 
100% 

4/2022 

 

 

Activity 7 – Perform intellectual property 
assessment of tool 

a) Description: 

Perform an intellectual property assessment of the 
tool to assess IP ownership of system components 
and whether there may be licenses or service fees 
required to operate the tool on RIEMA and 
RIDOT’s internal systems. 

b) How it will be accomplished and by whom: 

Austin Becker will oversee this activity in 

100% 

7/2022 

7/20 

7 

 

 

Our research team worked with University of Rhode 
Island’s Office of Intellectual Property and 
Commercialization and determined there are no 
intellectual property of the system and associated 
materials 
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coordination with the URI legal team, EDC, and 
RIEMA and RIDOT partners 

c) What homeland security enterprise capabilities it 
will serve: 

This activity serves: Planning, Operational 
Communications; Risk and Disaster Resilience 
Assessment; Long-term Vulnerability Reduction; 
Situational Assessment; Threats and Hazards 
Identification 

d) Specific outcomes or deliverables: 

A document detailing a break-down of 
intellectual property conflicts and how those 
conflicts are to be addressed. This will 
accompany the transition plan developed on 
Activity 6. 

e) Means by which those outcomes or deliverables 
will be placed into practice: 

Activity 7 Milestone: 

Intellectual Property Assessment 

100% 

7/2022 
 

 
IV. RESEARCH PRODUCTS AND DELIVERY 
 

Product Title Product 
Type  

Brief Product Description (include Function / 
Purpose) 

Date 
Delivere
d  

Transition 
Method / 
Activity 

Dashboard Training 
Materials 
(Manual, videos, field 
operating guide, slides 
and lesson plan from the 
dashboard training) 

Result / 
Concept: 
Training 
curriculum 
materials 

Resources to facilitate the adoption of the RI-
CHAMP system by RIEMA for use in its EOC; 
application for training municipal EOC members 
in the future 

04/2023  

Data collection Training 
materials (Manual, 
videos, field operating 
guide) 

Result / 
Concept: 
Training 
Materials 

Resources to facilitate the adoption of the data 
collection protocol and data handling 

05/2023  

Interactive dashboard on 
the RI State Enterprise Software 

Interactive tool that visualizes the HCT database 
and storm model outputs to support emergency 
management during a major storm event 

9/2022  

www.RICHAMP.org 
Other  
Project 
website 

Our project website can be viewed at In Year 7, 
we developed training materials including a 
training document and associated video of the 
RI-CHAMP system. The training materials, as well 
as an overview of the project can be found on 
the RI-CHAMP website (www.RICHAMP.org) 

1/2022  

Infrastructure Asset 
Consequence Thresholds 
(IACT) Database 

Data 

As of Year 7, we collected 575 hazard 
consequence thresholds that contain storm 
impact information useful to the emergency 
management community in Rhode Island.  

6/2023  

http://www.richamp.org/
http://www.richamp.org/
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The IACT database has been expanded in Year 7, 
consisting of statewide hazard consequence 
thresholds across critical infrastructure sectors 
for use by emergency managers for storm 
preparation and response. The database has 
been migrated to the secure RI Statewide 
Enterprise System. 

Hazard Consequence 
Thresholds Data 
Collection Methodology 

Method 

A methodology for collecting quantitative and 
qualitative storm impacts for use by emergency 
managers during a major storm event, including 
a web and mobile based data collection tool. 
Details of the methodology can be found in our 
published paper (Becker et al., 2022). 

3/2022  

 
V. PUBLICATIONS  

Publications: 
 
Becker A., Hallisey, N., Kalaidjian, E., Stempel, P., & Rubinoff. (2022). The Hazard Consequence Prediction 
System: A Participatory Action Research Approach to Enhance Emergency Management. Journal of Homeland 
Security and Emergency Management, 19(1), 1-25. https://doi.org/10.1515/jhsem-2021-0013 
 
Stempel, P., Becker, A., (2021). Is it scientific? Perceptions of semi-realistic 3D storm surge visualizations. 
Cartographica. 
 
Presentations: 
 
DHS Partner Presentations 
 
Becker, A., (2022), Coastal Resilience Research Overview. USGS Panel Discussion on Coastal Social 
Science, July 12. 
 
McElroy, K., Damon, C., Becker, A. (PI), Ginis, I., Stempel, P., Mandeville, A., Hallisey, N., Adams, 
S., Rubinoff, P. (2022). “Rhode Island Coastal Hazard, Analysis, Modeling, and Prediction System 
(RICHAMP).” Poster Presentation at ESRI User Conference, San Diego, CA, July 11 – 15. 
 
Becker, A., (2022), Port challenges to climate change. 18th Biennial National Harbor Safety Committee 
Conference: Maritime Strong: Navigating Diverse Growth and Change, June 13-15. 
Becker, A., (2022), Resilience initiatives at the Port of Providence: 2010 – present. Envision Resilience 
Rhode Island, Feb. 2. 
 
Becker, A. Session Moderator, (2021), Assessing Resilience: Case Studies and a Path Forward for the 
Marine and Inland Waterborne Transportation System. Webinar presented by PIANC and the World 
Ocean Council. Aug. 25. 
 
Becker, A. (2021), Port Adaptation and Resiliency: Key Issues for Business and Investment. World 
Ocean Council Port Coastal Adaptation Working Group Meeting, Aug. 4. 
 

https://doi.org/10.1515/jhsem-2021-0013
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Adams, S., Becker, A. (PI), (2022). “Rhode Island Coastal Hazard, Analysis, Modeling, and Prediction 
System.” Guest Presenters for DHS Cybersecurity & Infrastructure Security Agency (CISA) Region 1 
All-Hands Meeting on 4/13/2022. East Greenwich, RI.  
 
Adams, S., McElroy, K., Becker, A. (PI), (2022). “Rhode Island Coastal Hazard, Analysis, Modeling, 
and Prediction System.” Guest Presenters for LEPC2: Local Emergency Planning Committee Meeting 
on 6/14/2022. Providence, RI. 
 
McElroy, K., Becker, A., Hallisey, N.*, Ginis, I., Damon, C., Rubinoff, P., Adams, S. (2021). “Rhode 
Island Coastal Hazard, Analysis, Modeling, and Prediction System (RICHAMP).” 46th Annual Natural 
Hazards Workshop, Virtual Event, July 11-14. 
 

DHS CRC presentations 
 
Becker, A. (2022). “Rhode Island Coastal Hazard, Analysis, Modeling, and Prediction System 
(RICHAMP) Year 7 Report.” Center of Excellence in Coastal Resilience Annual Meeting, March 29. 
 
Becker, A. (2022). “Rhode Island Coastal Hazard, Analysis, Modeling, and Prediction System 
(RICHAMP) Year 8 Proposal.” Center of Excellence in Coastal Resilience Annual Meeting, March 29. 
 
McElroy, K., Hallisey, N., Adams, S., (2022). “Rhode Island Coastal Hazard, Analysis, Modeling, and 
Prediction System (RICHAMP).” Center of Excellence in Coastal Resilience Annual Meeting, March 
29. Video presentation HERE. Coastal Hazards Analysis, Modeling, and Prediction System for 
Emergency Management and Response - YouTube 
 
Media Mentions 

• One woman’s amazing effort to help coastal communities defend themselves from rising seas. 
Providence Journal, April 15, 2022. 

• Actionable Information, Aboard GSO Magazine, Spring 2022 
• Knowing What's Possible, Aboard GSO Magazine, Spring 2022 
• Researchers look to prepare coastal New England for future storms, Connecticut Public Radio, 

November 16, 2021 
• Tropical Storm Henri provides opportunity to test ADCIRC Prediction System™ real-time storm 

modeling capabilities, Coastal Resilience Center of Excellence, August 24, 2021 
• Climate change could cause more powerful hurricanes, URI researcher says, WPRI-TV, July 21, 

2021 
• Surge Mentality: Warning sounded about Providence’s widespread flood risks, Providence 

Business News, May 14, 2021 
•  “Worst-Case Scenario: Big Storm Could Unleash Problems on Port of Providence Area.” 

EcoRI, Aug. 9, 2021 

 
Steering Committee/End-user Meetings 

Meeting Date Attendees Purpose 

DHS/URI Steering 
Committee 07/07/2021 

Austin Becker (URI), Aimee Mandeveille 
(URI), Alex Potts (RIEMA), Bill Patenaude 
(RIDEM), Clara Decerbo (PEMA), Christine 
Willet (RIEMA), David Savastano (FEMA), 
Joe Dwyer (RIEMA), Stephen Kut (RIDOT), 

Project updates, determine 
additional GIS layers to include 
in the database, and planning 
for the workshop and training 
exercise with RIEMA 

https://youtu.be/wAfbdEZEppQ
https://www.youtube.com/watch?v=wAfbdEZEppQ
https://www.youtube.com/watch?v=wAfbdEZEppQ
https://www.providencejournal.com/story/news/columns/2022/04/15/pam-rubinoff-helps-rhode-island-coastal-flooding-fight-rising-seas-climate-change/6898199001/
https://web.uri.edu/gso/publications/aboard-gso/actionable-information-sp22/
https://web.uri.edu/gso/publications/aboard-gso/knowing-whats-possible-sp22/
https://www.ctpublic.org/2021-11-16/climate-change-research-new-england
https://coastalresiliencecenter.unc.edu/2021/08/tropical-storm-henri-tests-adcirc-storm-modeling-capabilities/
https://coastalresiliencecenter.unc.edu/2021/08/tropical-storm-henri-tests-adcirc-storm-modeling-capabilities/
https://www.wpri.com/weather/weather-week/climate-change-could-cause-more-powerful-hurricanes-uri-researcher-says/
https://pbn.com/surge-mentality-warning-sounded-about-providences-widespread-flood-risks/
https://pulitzercenter.org/stories/worst-case-scenario-big-storm-could-unleash-problems-port-providence-area?utm_medium=Social&utm_source=Twitter&utm_campaign=StormsPortProvidence
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Steven Sawyer (RIDOT), Tom Guthlein 
(RIEMA), Erik Ulman (DHS), Sam Adams 
(URI), Kyle McElroy (URI), Noah Hallisey 
(URI), Rosemarie Fusco (URI) 

RI-CHAMP End User 
Training Workshop 01/26/2022 

Pam Rubinoff (URI), Austin Becker (URI), 
Alex Potts (RIEMA), Chris Damon (URI), 
Clara Decerbo (PEMA), Christine Willet 
(RIEMA), David Savastona (FEMA), David 
Schnell (RIEMA), John Washburn (RIEMA), 
Melinda Hopkins (RIEMA), Rosemarie 
Fusco (URI), Sam Adams (URI), Samantha 
Lawton (RIEMA), Stephen Kut (RIDOT), 
Tom Guthlein (RIEMA), Erik Ulmen (DHS), 
Kye McElroy (URI), Noah Hallisey (URI) 

Training to familiarize endusers 
with the dashboard and to 
prepare endusers to teach 
course to other emergency 
managers in preparation for 
operationalization of RICHAMP 
with RIEMA and other EMA 
partners 

Steering 
Committee/RI-
CHAMP Workplan 
Meeting 

02/08/2022 

Pam Rubinoff (URI), Austin Becker (URI), 
Aimee Mandeville (URI), Alex Potts (URI), 
Bill Patenaude (RIDEM), Chris Damon 
(URI), Clara Decerbo (URI), David 
Savastano (FEMA), Samantha Lawton 
(RIEMA), Steven Sawyer (RIDOT), Stephen 
Kut (RIDOT), Tom Guthlein (RIEMA), Erik 
Ulman (DHS), Sam Adams (URI), Kyle 
McElroy (URI), Noah Hallisey (URI) 

Updates on Year 7 efforts, 
including real-time storm and 
impact consequence modeling 
capabilities for using in EOC 

RICHAMP RIEMA 
Transition Meeting 03/18/2022 

Pam Rubinoff (URI), Austin Becker (URI), 
Alex Potts (URI), Bill Patenaude (RIDEM), 
Chris Damon (URI), Steven Sawyer (RIDOT), 
Tom Guthlein (RIEMA), Erik Ulman (DHS), 
Sam Adams (URI), Kyle McElroy (URI), Isaac 
Ginis (URI), Noah Hallisey (URI) 
 

The URI research team met with 
RIEMA to discuss transition 
activities and to identify funding 
options to support the adoption 
and integration of the RI-
CHAMP system into RIEMA 
operations and for maintaining 
and expanding the database and 
dashboard tool 

Hurricane Thompson 
TTX 5/24/2022 Austin Becker (URI), Isaac Ginis (URI), Sam 

Adams (URI), Deb Crowley (URI) 

A tabletop training hurricane 
exercise with the National 
Weather Service for 
Connecticut, Rhode Island, and 
Massachusetts. Members of the 
URI research team attended to 
observe the exercise with the 
goal of developing relationships 
with NWS for consideration of 
the RI-CHAMP system for future 
training exercises. 

RICHAMP RIEMA 
Transition Meeting 06/24/2022 

Pam Rubinoff (URI), Austin Becker (URI), 
Alex Potts (URI), Chris Damon (URI), Steven 
Sawyer (RIDOT), Steve Kut (RIDOT), Tom 
Guthlein (RIEMA), Erik Ulman (DHS), Sam 
Adams (URI), Kyle McElroy (URI), Isaac 
Ginis (URI) 

The research team worked with 
the steering committee and 
other key-endusers to 
determine key steps for 
transitioning the RI-CHAMP to 
RIEMA 
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VI. PERFORMANCE METRICS 

 
YEAR 7 PERFORMANCE METRICS 

Metric 
Numb
er 

Description (where 
indicated) 

Internships hosted    

Undergraduate students who received tuition / fee support / stipend    

Graduate students who received tuition / fee support / stipend  2  

Undergraduates who received HS-related degrees (number)   

Graduate students who received HS-related degrees (number)   

Graduates who obtained HS-related employment (number)   

Journal articles submitted  2  

Journal articles published  2  

Conference presentations  3  

Other presentations, interviews, webinars 4  

Patent applications filed    

Patents awarded    

Trademarks/copyrights filed    

Requests for assistance/advice from DHS agencies    

Requests for assistance/advice from other federal agencies or levels 
of government 

 See below. 

Total dollar amount of external funding $550k We received $550,000 from 
DOD to conduct a Military 
Installation Resilience Review of 
Naval Station Newport. This 
project took place between 
August 2020 and August 2022. It 
leveraged work from our DHS 
funded project. 

Total number of milestones for reporting period  12  

Accomplished fully  8  

Accomplished partially  4  

Not accomplished    
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PI: Wie Yusuf/Old Dominion University 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I.  INTRODUCTION 

 

Project Title: Connecting Universities for Resilience Research Accessible to End Users (CUR2ATE) 
Principal Investigator Name/Institution: Dr. Juita-Elena (Wie) Yusuf, Old Dominion University 
 
Additional Research Participants/Partners: Dr. Marina Saitgalina, Old Dominion University; Dr. Khairul A. 
Anuar, Old Dominion University 
 
Short Project Description (“elevator speech”):   
This project connects university resources – faculty and staff expertise, student interest and learning capacity – 
with coastal resilience needs of community partners (government agencies, nonprofit and volunteer 
organizations, businesses, neighborhoods or communities). The project will create and disseminate a 
comprehensive toolkit for use by university faculty, staff, and students, and partner organizations or groups to 
pursue collaborative university-community projects focused on addressing coastal resilience issues. The toolkit 
will include resources to support engagement efforts throughout project development and execution (such as 
establishing and communicating requirements and expectations), provide examples of successful collaborative 
projects, and highlight best practices for university and community partners to work together on the topic of 
coastal resilience. 
 
II. PROJECT NARRATIVE 

 
1. Project overview:  

 
Increasingly universities are seeking to better engage with their communities while also enhancing 
students’ learning experiences and increasing the value, applicability, and utility of academic research. 
Simultaneously, government agencies, nonprofit organizations, businesses, and grassroots collectives are 
looking to universities to provide expertise and cutting-edge knowledge to fill gaps or expand capacity 
for addressing a variety of on-the- ground issues and problems. Coastal resilience issues such as 
environmental sustainability, preparedness for and response to hazards such as hurricanes, development 
in the floodplain, and nuisance flooding, are examples of areas where university-community 
collaborations can help address challenges and build resilience. These community-university 
collaborative projects take many forms, including but not limited to, engaged faculty and student 
research, short-term student community service events, in-class projects, directed research or 
independent study, and practicums and internships. 
Making the connection between community needs and university activities can be challenging for both 
universities and community partners. Building capacity for making these connections through providing 
supportive resources and improving the interface between universities and community partners can 
significantly contribute to efforts to not only leverage university resources to meet community needs but 
also build synergies across community partners and university resources. This project seeks to improve, 
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build on, and expand the connection between university resources (including research expertise, 
faculty/staff expertise, and student knowledge and time) with needs of end users, such as community and 
government organizations working in the coastal resilience domain. The project’s deliverable, a toolkit 
that includes resources such as best practices, templates, and checklists, videos, information sheets, 
sample agreements/learning contracts, and other materials, will be an easily accessible and usable 
resource for community partners and university faculty, staff, and students pursuing collaborative 
projects. 
 

2. Results: 
 
During Year 7, interviews were conducted with more than 20 representatives from universities and community 
organizations to develop understanding of issues and challenges faced by university faculty, staff, and students, 
and those of end users in coming together to partner for university-community collaborative projects that focus 
on coastal resilience issues. Findings from these interviews were documents in white papers that will be 
available on the project website. Five example projects were selected for in-depth case study analysis and 
project success factors were identified. A survey of resources available for university and community partners 
was conducted and supplemental resources were identified and posted to the project website. Other products are 
still under development.    
 

3. End users:   

• John Bateman, Regional Planner, Northern Neck (Virginia) Planning District 
Commission (regional rural planning organization) 

• Ben McFarlane, Senior Regional Planner, Hampton Roads Planning District Commission 
(regional urban planning organization) 

• Robin Dunbar, Deputy Director for Education, Elizabeth River Project (environmental 
nonprofit) 

• Joe Rieger, Deputy Director of Restoration, Elizabeth River Project (environmental 
nonprofit) 

• Skip Stiles, Executive Director, Wetlands Watch (education and advocacy nonprofit) 
• Kyle Spencer, Resilience Officer, City of Norfolk 
• Carolyn Heaps, Resilience Officer, City of Hampton 
• Brian McNamara, US Coast Guard 

 
4. Transition: 

 
In Year 7, we developed a website (https://sites.wp.odu.edu/cur2ate/) that will be used to disseminate project 
results. This website will house the CUR2ATE toolkit and other project materials, and will be the primary 
mechanism for disseminating resources to endusers and university stakeholders. We have also shared 
information about the project (previewing the project) at various venues including the Hampton Roads 
Adaptation Forum and the NASPAA (Network of Schools of Public Policy, Affairs, and Administration) annual 
meeting. Proposals were submitted for presentation at conferences in Fall 2022 and Spring 2023.  

 

https://sites.wp.odu.edu/cur2ate/


 
73 

5. Project Impact: 
 

This project provides guidance and tools to help community organizations and endusers better connect 
and partner with universities to leverage university resources to more efficiently address issues and 
questions that can help DHS component agencies achieve their missions. For example, collaborative 
community-university projects can help the emergency management component of DHS identify and 
undertake research that can be directly implemented on the ground. Alternatively, student GIS and spatial 
analysis projects in partnership with rural, under-resourced communities can help these communities plan 
for flooding and coastal hazards with more up-to-date information and models. The CUR2ATE toolkit 
provides the resources to facilitate these collaborative projects more effectively and efficiently.  

6. Unanticipated Problems: None.  

7. Student Involvement and Awards:  

Number of Students 
One graduate student partially supported this project. 

Role of Students 
The graduate student helped transcribe and summarize interviews.  

Degrees Attained 
None 

Jobs attained or higher education pursued 
This student has been offered a post-doctoral position as a CLIR Fellow for Community Data 
with the Carnegie Mellon University Libraries.  

 
8. Theses and Dissertations: 

None 
 

9. Involvement in DHS Summer Research Teams for Minority Institutions Program 
Not applicable.  

 
 

III. RESEARCH ACTIVITIES AND MILESTONES 
 

Status as of 6/30/2022 

Research Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

Activity 1: Determine challenges faced by and needs of 
university faculty, staff, and students in connecting, 
engaging, and collaborating with community partners 

A. Submit human subjects research protocol to 
ODU IRB for Activities 1 and 2. Work with 

8/15/2021 98% Human subjects research 
approval through ODU 
IRB was not received 
until November 2021. 
White paper is 
completed but 
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CRC to submit packages to the OUP and for 
subsequent review.  

B. Conduct interviews with university faculty, 
staff, and students to understand the 
challenges of working on community-
engaged projects; analyze interviews to 
identify key issues and themes; write white 
paper 

C. In person, telephone, or web interviews or 
focus groups conducted by PI/Co-PI 
(supported by the project manager/graduate 
student) 

D. Interview/focus groups will identify 
barriers and challenges to university- 
community partnership for coastal 
resilience 

E. White paper on barriers and 
challenges faced by university 
faculty, staff, and students that will 
inform identification of resources to 
be developed and included in the 
toolkit (disseminated via project 
website) 

undergoing internal 
review before being 
posted to the project 
website.  

Activity 2: Determine needs of end users and 
issues and challenges in matching their projects 
and needs to university resources 

A. Conduct interviews and focus groups with end 
users to understand their issues and challenges 
of working with university partners on coastal 
resilience projects; analyze interviews and 
focus groups to identify key issues and 
themes; write white paper 

B. In person, telephone, or web interviews or 
focus groups conducted by PI/Co-PI 
(supported by the project manager/graduate 
student) 

C. Increases capacity of community partners by 
identifying issues and challenges that prevent 
connecting with and effective collaboration 
with university resources 

D. Interview/focus groups will identify 
barriers and challenges to university- 
community partnership for coastal 
resilience 

9/15/2021 98% Human subjects research 
Human subjects research 
approval through ODU 
IRB was not received 
until November 2021. 
White paper is 
completed but 
undergoing internal 
review before being 
posted to the project 
website. 
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E. White paper on barriers and 
challenges faced by end users that 
will inform identification of resources 
to be developed and included in the 
toolkit (disseminated via project 
website) 

Activity 3: Develop sample lessons learned, case 
studies, information sheets, and other resources by 
analyzing examples of successful university-
community partnerships from among CRC projects 

A. Identify CRC projects as examples of 
successful university-community 
partnerships; collect and analyze data to 
develop resources that address the barriers, 
challenges, and issues identified from 
Activities 1 and 2; develop sample resources 
based on these examples 

B. Analysis and resource development by 
PI/Co-PI and project manager/graduate 
student 

C. Assesses factors contributing to 
effectiveness of CRC projects in engaging 
end users via educational and research 
activities 

D. 3-5 sample resources (case studies, 
information sheets, etc.) to populate the toolkit 
that can be used to solicit feedback from end 
users and academics regarding the usefulness 
of the toolkit’s resources 

E. Sample resources available on project website 
for review and feedback 

Dec 1, 
2021 

20% This activity requires 
completion of activities 
#1 and #2. Example 
CRC projects have been 
identified. 

Activity 4: Provide sample resources for trial use and 
feedback by end users, and refine the resources based on 
feedback 

A. Solicit review of and feedback on sample 
resources (developed in Activity 3) from end 
users and faculty, staff, and students; refine the 
sample resources and use them to develop 
templates for additional resources 

B. Review, feedback, and refinement by 
PI/Co-PI and project manager/graduate 
student 

C. Ensures educational resources meet the needs of 
and are accessible to end users 

Apr 30, 
2022 

0% This activity requires 
completion of activities 
#1, #2,  and #3.  
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D. Refined sample resources available for 
use; reviewed and tested templates for 
resources to be included in the Toolkit 

E. Refined sample resources available on 
project website for use 

Activity 5: Develop additional resources using the 
tested templates and drawing from a wider range of 
community-university collaborative projects 

A. Identify examples from PI/Co-PI’s network of 
coastal resilience collaborative projects in 
Virginia; collect and analyze data to develop 
resources that address the barriers, challenges, 
and issues identified from Activities 1 and 2; 
develop resources based on these examples 
using the template from Activity 4 

B. Analysis and resource development by 
PI/Co-PI and project manager/graduate 
student 

C. Assesses factors contributing to success of a 
diverse pool of collaborative projects to build 
capacity for more effective educational and 
engaged research products 

D. 10 to 12 resources to complete the Toolkit 
and to broaden the applicability of the 
Toolkit to wide range of coastal resilience 
projects 

E. Resources available on project website for 
use 

May 30, 
2022 

80% This activity requires 
completion of activities 
#1, #2,  #3, and #4. Five 
example projects have 
selected and success 
factors identified. 
Supplemental resources 
have been identified and 
posted to the project 
website. Project case 
study write-ups are in 
development.  

Activity 6: Compile the CU2RATE Toolkit and 
disseminate to end users 

A. Compile white papers, resources, and other 
materials collected during Activities 1-5 into a 
comprehensive web-based Toolkit; disseminate 
information about the Toolkit through the CRC 
network, the PI/Co-PI’s existing network, and 
through other channels (university groups, 
professional associations, etc.) 

B. Compilation and dissemination by PI/Co-PI and 
project manager/graduate student 

C. Ensures the Toolkit reaches a wide and diverse 
audience of end users and university faculty, 
staff, and students to encourage use of resources 
and build capacity for community-university 

June 30, 
2022 

20% This activity requires 
completion of activities 
#1, #2, #3, #4, and #5.  
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collaborative projects 

D. Comprehensive web-based CU2RATE Toolkit 
completely developed 

E. Web-based CU2RATE Toolkit available on 
project website; announcements about the 
Toolkit disseminated through CRC network 
and other pathways 

F. Presentation at conferences for university and 
end user audiences (e.g., Natural Hazards 
Research and Applications Workshop, FEMA 
Emergency Management Higher Education 
Symposium, Social Coast Forum) 

Research Milestone    

White paper on barriers and challenges faced by university 
faculty, staff, and students 

Aug 15, 
2021 

100%  

White paper on barriers and challenges faced by 
community partners 

Sep 15, 
2021 

100%  

List of tentative resources for development Oct 15, 
2021 

100%  

Draft information sheets, successful project highlights, 
learning contracts as sample resources  

Nov 1, 
2021 

70% Resources are still under 
development. 

Project website designed and developed Nov 1, 
2021 

100%  

Develop feedback instrument for evaluation of sample 
resources 

Dec 1, 
2021 

100%  

Sample resources available on project website for review 
and feedback 

Dec 1, 
2021 

0% Resources are still under 
development. 

Feedback on sample resources compiled Feb 1, 
2022 

0% Resources are still under 
development. 

Supplemental resources developed Apr 30, 
2022 

100%  

Refined sample resources available on project website for 
use 

Apr 30, 
2022 

50% Resources are still under 
development. 

Resources available on project website for use May 30, 
2022 

20% Resources are still under 
development. 

Web-based CU2RATE Toolkit available on project website Jun 15, 
2022 

 Can only be completed 
once all resources are 
developed. 

Presentation about project and CU2RATE Toolkit at 
academic and professional conferences 

June 30, 
2022 

0% Can only be completed 
once the CU2RATE 
Toolkit is available. 
Waiting on acceptance 
notices for conferences.  



 
78 

Announcements about the Toolkit disseminated through 
CRC network and other pathways 

Jun 30, 
2022 

0% Can only be completed 
once the CU2RATE 
Toolkit is available.  

 

IV. RESEARCH PRODUCTS AND DELIVERY   
 

Product Title Product Type 
(select from 
list above) 

Brief Product 
Description 
(include Function 
/ Purpose) 

Date 
Delivered 

(or 
projected 

date of 
delivery) 

Transition Method / 
Activity 

Collaborative 
University-
Community 
Projects for 
Coastal 
Resilience: 
Barriers and 
Challenges 
Identified by 
University 
Partners 

Result / 
Concept 
 

White paper on 
barriers and 
challenges faced 
by university 
faculty, staff, and 
students 

6/30/2022 Project website 

Collaborative 
University-
Community 
Projects for 
Coastal 
Resilience: 
Barriers and 
Challenges 
Identified by 
Community 
Partners 

Result / 
Concept 
 

White paper on 
barriers and 
challenges faced 
by community 
partners 

6/30/2022 Project website 

 

V. PUBLICATIONS  
N/A 

VI. PERFORMANCE METRICS 
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YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where 

indicated) 

Internships hosted  0  

Undergraduate students who received tuition / fee 
support / stipend  

0  

Graduate students who received tuition / fee support 
/ stipend   

0  

Undergraduates who received HS-related degrees 
 

0  

Graduate students who received HS-related degrees 
 

0  

Graduates who obtained HS-related employment 
 

0  

Journal articles submitted  0  

Journal articles published  0  

Conference presentations  0  

Other presentations, interviews, webinars 0  

Patent applications filed  0  

Patents awarded  0  

Trademarks/copyrights filed  0  

Requests for assistance/advice from DHS agencies  0 Brief description 

Requests for assistance/advice from other federal 
agencies or levels of government 

0 Brief description 

Total dollar amount of external funding 0 How much was from DHS? 
How much was from 
other sources?  Brief 
description of each. 

Total number of milestones for reporting period  11  

Accomplished fully  6  

Accomplished partially  3  

Not accomplished  4  
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COASTAL HAZARDS MODELING THEME 
 

PI: Robert R. Twilley/LSU 
DHS COASTAL RESILIENCE CENTER 

RESEARCH PROJECT 
YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I.  INTRODUCTION 

 
Project Title: Integrating ADCIRC Prediction System Tools to Support Hazus Damage Assessments and 
Planning: Evaluating Mitigation Alternatives using Ecosystem Design for Surge/Wave Attenuation 
 
Principal Investigator Name/Institution: Robert R. Twilley, Professor, Oceanography & Coastal Science, LSU 
 
Additional Research Participants/Partners: 
Carol Friedland, Associate Professor, Construction Management, LSU 

 
Short Project Description:   
We will build on previous research integrating ADCIRC Prediction System results with Hazus flood exposure 
and damage modeling techniques to evaluate the impact of natural hazards to improve planning. The final phase 
of this effort considers ecosystem design as a mitigation alternative, yielding new information about the value of 
mangrove ecosystems and further illustrating the decision-support capability of the improved Hazus estimates 
using ADCIRC input. Collaborative ecosystem design strategies support mitigation alternatives by defining the 
value of coastal greenbelts in reducing storm surge and wave effects. 
 
II. PROJECT NARRATIVE 

 
1. Project overview:   

Communities need clear guidance to identify and prioritize vulnerable infrastructure and populations that 
may be threatened and/or protected to optimize pre-disaster planning and rapid response efforts. Accurate 
estimates of how natural coastal greenbelt ecosystems can protect communities will support both long-range 
planning and crucial land use and redevelopment decisions during initial stages of recovery. High-resolution 
visualization and quantification of flood exposure and associated damage within an innovative 
communication platform integrates and leverages community-specific data and fine-scale modeling of flood 
exposure to facilitate innovative design and planning approaches. Within the context of a communication 
platform, decision-makers are provided with typically unavailable, high-resolution, actionable, community-
specific information about avoiding loss and rebuilding for maximum future risk reduction. 
The Year 7 effort considered ecosystem design as a mitigation alternative to derive new information about 
the protective value of mangrove ecosystems and further illustrate the decision-support capability of the 
improved Hazus estimates using ADCIRC input. The development of ecosystem designs in establishing 
coastal greenbelts as a mitigation alternative will be in collaboration with other members of the CRC, 
including Dan Cox of OSU and John Van de Lindt of CSU. They will characterize the ecosystem features of 
coastal wetland ecosystems, providing expertise on the anticipated storm surge and wave effect reduction 
functions that may be anticipated through various ecosystem design mitigation strategies. 



 
81 

• This team effort within CRC uses tools connecting ADCIRC and Hazus to quantify surge reduction 
estimates of ecosystem designs using mangrove-dominated coastal landscapes (greenbelts). 

• SWAN and/or XBeach will be used to quantify wave reduction. Hazus coastal flood model economic 
loss results will be correlated with mangrove forest structure input to provide functions showing loss 
reduction as a result of designing mangrove forest greenbelts. 

• Further, FEMA’s Flood Assessment Structure Tool (FAST) will be used for a smaller case study to 
determine the impacts of mangrove forest characteristics on individual structure damage, which will 
be used to translate Hazus census block results to an individual consumer level. 

• The collaboration with Cox and Van de Lindt is planned for Mexico Beach, FL, impacted by 2018 
Hurricane Michael, depending on consultation with other CRC collaborators and stakeholders. 

There are three specific strategies that will focus the efforts during YR7 to develop ecosystem designs to 
complement previous efforts to integrate ADCIRC Prediction System into Hazus flood exposure and 
damage modeling techniques to improve mitigation planning. 

• Ecosystem Design Strategy 1: Develop functions to describe how the structure of root systems 
(prop root and pneumatophore systems) can be defined with basal area estimates of mangrove forest 
structure to predict impacts of these greenbelts on surge and wave reduction. 

• Ecosystem Design Strategy 2: Estimate how different landscape designs in mangrove ecosystem 
structure (using tree density, distribution, and growth) will reduce surge and wave exposure to 
coastal regions during a storm event. 

• Ecosystem Design Strategy 3: Use surge and wave damage cost reduction estimates using Hazus and 
higher resolution tools (e.g., FAST) to describe the economic mitigation value of mangrove ecosystem 
designs as coastal greenbelts. 

 
2. Results:  

 
Ecosystem Design Strategy 1: Measurements of individual red mangrove trees were needed to quantify the 
structural surface area of their root systems. To aid in these measurements, we used a portable and rapid-scan 
terrestrial laser scanning (TLS) system in South Florida (Figures 1A and 1B). The TLS system uses LiDAR, 
Light Detection and Ranging, which is a remote sensing method that uses light in the form of pulsed laser to 
measure ranges. The TLS system generates precise, three-dimensional information about the shape and surface 
of the mangrove root trunk and roots (Figure 1). We took four scans around each tree at 90-degree increments. 
The four scans are combined to make a complete 360-degree representation of the trunk and roots. Our sites 
where at J.N. “Ding Darling” National Wildlife Refuge in Sanibel Island and Rookery Bay National Estuarine 
Research Reserve in Naples. Rookery Bay is a majority red mangrove forest. The forest was quite dense with 
multiple trees having intertwined roots. Ding Darling is a mixed forest with red, black, and white mangrove 
trees; therefore, it was much easier to find an isolated red mangrove.  

Scanning these individual trees has allowed me to find a preliminary correlation between the trunk and the 
volume of the roots (Figure 2). The point cloud image is a hollow three-dimensional image of the surface of the 
tree. The voxel and mesh representation fill in the hollow points in order to find the volume of the trunk and 
roots.  
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Figure 1A. The TLS scanning an individual tree.   

 
Figure 1B. A single TLS scan of the tree above that has been flattened out. 

 
 
Figure 2. Voxel and mesh representation of point cloud based on terrestrial lidar scans of mangroves in Rookery 
Bay, Florida.  
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Figure 3. Relation in trunk diameter (diameter at breast height, DBH) and root volume based on lidar scans of 
trees in Rookery Bay National Estuarine Research Reserve.  

 
Figure 4. Projected area relative to height used to generate the drag of mangrove root architecture on water flow.  
 

 
 These representations are also used to find the projected area per unit height of the trees (Figure 3). The 

interaction of mangrove trunks and roots with the water creates a hydraulic resistance. This hydraulic resistance 
controls the tidal inundation. A single scan is flattened out to find the forest density and trunk diameters of the 
surrounding red mangroves. This will be used in the next step to find the structural surface area of the roots 
system to certain basal area forest and estimate surge and wave reduction as the waves move through that forest. 
 
Ecosystem Design Strategy 3:  
 The Hurricane Michael Hazus-MH analysis results for Mexico Beach, Florida, completed by the Oregon 
State University team, were translated from the census block level to the individual building level using 
FEMA’s Flood Assessment Structure Tool (FAST). Our team further investigated anomalous results generated 
by Hazus based on storm surge levels.  
 The LSU team modified the open-source Python FAST code to speed up computational time by 
improving flexibility of the GUI software used to run loss modeling of multiple buildings located in different 
flood zones with customized depth-damage functions without restructuring the building data. 
 The economic mitigation value of a mangrove ecosystem for Mexico beach buildings was quantified by 
analyzing Hurricane Michael surge depth data with FAST. The wave reduction effect of mangroves reduces 
economic building loss by decreasing wave effects and changing the wave regime, considered through the use 
of flood zone depth damage functions with decreasing severity (Figure 5). For example, areas exposed to wave 
environments greater than 3 feet are analyzed using V Zone depth damage functions; where the wave 
environment is reduced below 3 feet, A Zone depth damage functions are used. 
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Figure 5. a) Observed flood zones based on wave height (Hurricane Michael); b) revised “effective” flood zones 
based on 50% wave reduction. 
 

a) b)  
 
 
The surge reduction effect of mangroves, although limited, further reduces flood loss for buildings. Two 
approaches to modify the surge and wave hazard were considered (Figure 6): change in the surge elevation-
return period relationship intercept without change in slope and change in the surge elevation-return period 
relationship slope without change in intercept. Average annual losses were also estimated for these structures, 
which showed significant wave and surge reduction effects of mangroves in reducing losses (Figure 7).   
 
Figure 6. a) change in Base Flood Elevation (BFE) due to wave and surge reduction in Approach 1; b) change in 
Base Flood Elevation (BFE) due to wave and surge reduction in Approach 2. 
 

a)  b)  
 
Figure 7. AAL reduction as a function of surge reduction, considering 10% wave reduction, for Approaches 1 
and 2.  
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3. End users:   
The primary stakeholders for this project continue to include the Hazus modeling team at FEMA. In addition, 
we will work with planners and community leaders in Mexico Beach, FL, in how greenbelt investments as 
part of the mitigation planning effort will assist in flood damage reduction. We will include additional 
stakeholders at the USACE Engineering and Research Development Center (ERDC) leading the Engineering 
with Nature (EWN) program. 

The LSU team will commit to the following activities for education and workforce development: 

• EWN Working Group: The LSU team will coordinate with OSU and CSU in supporting the 
Engineering with Nature (EWN) working group and hold six monthly webinars with approximately 
30 to 50 attendees. The team will work with the presenters to develop a white paper on research 
gaps for EWN for overland flow and hazard mitigation. 

• The LSU team will work with the Coastal Resilience and Green Infrastructure initiative within the 
National Sea Grant Office to distribute findings across the 34 Sea Grant programs nation- wide 
(including Puerto Rico and Guam). Susan Morlock in the National Sea Grant Office will be the 
point of contact to assist in guiding research progress and outcomes to NOAA line offices 

 
4. Transition:  

 
• Biweekly meetings were held during Year 7 by LSU investigators and students with Dan Cox and 

students at Oregon State University and John van de Lindt and students of Colorado State University to 
discuss how the measures of mangrove root architecture would benefit estimates of surge and wave 
reduction during events providing better estimates of annualized damage estimates of residential 
structures.  

 
5. Project Impact:  

 
• The results of research on mangrove prop roots surface area will be used to estimate field conditions of 

the benefits of mangrove forest in flood protection. The mangrove forest provides significant flood 
damage reduction to the communities behind them. 

6. Unanticipated Problems:  

• The amount of time is takes to clean up a raw point cloud to get single out an individual tree.  

7. Student Involvement and Awards:     

• Elizabeth Bogan, MS Degree, Coastal and Ecological Engineering, LSU. Fully supported by 
CRC funding.  

• Md Adilur Rahim, PhD degree, Engineering Science, LSU. Fully supported by CRC funding 
Role of Students 

• Bogan: Measuring the mangrove trees to find a relationship between the trunk and roots. This 
relationship will be used to estimate the amount of wave attenuation through a mangrove forest.  

• Rahim:  Developed methodologies to relate the mangrove wave and surge reduction to building 
level flood loss reduction. These methods will be used to estimate loss reduction as a result of 
surge and wave hazard reduction. 
 



 
86 

Degrees Attained 

• Rahim – attained Master of Science in Civil Engineering 
 

8. Theses and Dissertations: 
N/A 
 

9. Involvement in DHS Summer Research Teams for Minority Institutions Program  
 

Title of the summer research project: “Evaluation of a low salinity tolerance eastern oyster line for 
oyster reef living shoreline application” 
Members of the team and their home institution  

• Dr. Chunlei Fan, Morgan State University, Faculty 
• Tameka Taylor, Morgan State University, Graduate Student 

Brief description  
 
To address the above compelling research and education needs, this “DHS Summer Research Team 
Program for Minority Serving Institutions” project aims to evaluate the suitability of a low salinity 
tolerance eastern oyster line in the living shoreline applications and enhance the scientific leadership at 
Morgan State University in research areas that support the missions and goals of DHS and the Coastal 
Resilience Center.  

 
We have identified the following objectives to guide us through the implementation of this project: 
 
1) Participate in the Summer Institute in Coastal Ecosystem Design at Louisiana State University to 
enhance our knowledge of living shoreline design from integrative ecological and engineering 
perspectives. 
2) Compare the larval settlement and spat recovery rates of the LST oysters with the wild oyster stock in 
the laboratory. 
3) Conduct a small-scale oyster reef living shoreline deployment and monitor the oyster growth and 
survival in the reef community. 
4) Provide education and research opportunities to faculty and students at MSU. 
 
What was achieved during the project period? 

 
• Dr. Fan and Ms. Taylor participated in seminar and discussions with LSU Summer Institute 
• Experimental oyster spat of LST oysters was tested at sites on Patuxent River Estuary.  
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III. RESEARCH ACTIVITIES AND MILESTONES 

Year 7 Research Activities and Milestones 

Status as of 6/30/2022 

Research Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

1. The primary stakeholders for this project continue 
to include the Hazus modeling team at FEMA. In 
addition, we will work with planners and 
community leaders in Mexico Beach, FL, in how 
greenbelt investments as part of the mitigation 
planning effort will assist in flood damage 
reduction. We will include additional stakeholders 
at the USACE Engineering and Research 
Development Center (ERDC) leading the 
Engineering with Nature (EWN) program. 

The LSU team will commit to the following activities for 
education and workforce development: 

• EWN Working Group: The LSU team will 
coordinate with OSU and CSU in supporting 
the Engineering with Nature (EWN) working 
group and hold six monthly webinars with 
approximately 30 to 50 attendees. The team 
will work with the presenters to develop a white 
paper on research gaps for EWN for overland 
flow and hazard mitigation. 

• The LSU team will work with the Coastal Resilience 
and Green Infrastructure initiative within the National 
Sea Grant Office to distribute findings across the 34 
Sea Grant programs nation- wide (including Puerto 
Rico and Guam). Susan Morlock in the National Sea 
Grant Office will be the point of contact to assist in 
guiding research progress and outcomes to NOAA 
line offices 

January 15, 
2022 

90% Biweekly meetings of 
LSU, OSU and CSU 
were held during the 
year to discuss EWN 
techniques that would 
reduce flooding 
exposure associated with 
mangroves. Connections 
with Sea Grant were not 
completed during this 
annual reporting.  

Activity 2 Description: Estimate how different 
landscape designs in mangrove ecosystem structure 
(using tree density and basal area) convert root system 
structures to surge and wave reduction. 

a) the proposed work: Designs of greenbelt 
infrastructure in Mexico Beach will be simulated using 
spatially explicit mangrove models that simulate (based 
on Activity 1; Twilley et al. 1999) surge and wave 
reduction under different area configuration (alongshore 
and inland distributions of mangrove greenbelts with 
different tree density). 

b) how it will be accomplished and by whom: 
Graduate student will used surge and wave reduction 
functions with mangrove tree growth from Activity 1 
into landscape explicit models of mangrove forest 
structure with time (growth with time) to develop 

March 30, 
2022 

75% Documentation of 
projected area of 
mangrove forests in 
Florida were completed 
during the year using 
terrestrial lidar scanning 
techniques. The 
development of drag 
coefficients from field 
measures took longer 
than expected. The 
initial development of 
surge and wave 
reductions in numerical 
flumes is being done 
presently using field 
measures in 
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estimates of reduced flooding exposure that 
can be incorporated into Activities below. Scenarios 
will include three different landscape patterns (shore 
length and inland zonation) to test greenbelt designs. 

c) what homeland security enterprise capabilities it 
will serve: Disasters and Resilience DHS enterprises 
in support of hazard mitigation using coastal greenbelt 
infrastructure. 

d) the specific outcomes or deliverables it will 
produce: Landscape scale estimates of reduced 
surge and wave exposure during storm event at 
three different greenbelt designs. 

e) the means by which those outcomes or 
deliverables will be placed into practice: The 
estimates of reduced flood exposure relative to 
three mangrove greenbelt designs will be used in 
Activity 3 to estimate value to mitigation strategies. 

collaboration with Dr. 
Chris Kees of LSU. The 
landscape models of 
mangrove forests are 
underway to include the 
root architecture 
parameters from this 
research project (post-
doc funded on another 
collaborative research 
project).  

Activity 3:  

a) the proposed work: Describe the economic 
mitigation value of mangrove ecosystem designs 
achieved through surge and wave damage cost 
reduction quantified as a function of mangrove 
characteristics. 

b) how it will be accomplished and by whom: Activity 
3 will be accomplished using Hazus and higher 
resolution loss estimation tools and methods (e.g., 
FAST), as needed, to quantify the economic value of 
mangrove ecosystems. Carol Friedland is responsible 
for this activity. To quantify the reduction in damage 
cost, the following tasks will be undertaken: 

1. Perform Level 2 Hazus coastal flood loss 
estimation at the census block- level using the site-
specific flood hazard data for each mangrove 
scenario from Activity 2. 

2. Assign building archetypes to individual structures 
in the study area as defined by Nofal and van de 
Lindt (2020); perform FAST structure-level flood 
loss estimation for each scenario using archetype-
specific depth- damage functions (DDFs). To 
supplement the archetype-specific DDFs to account 
for wave effects, multi-hazard wind, wave, and 
surge damage state fragility functions developed 
using ADCIRC+SWAN model output (Massarra et 
al., 2020) will be used as required by hazard 
conditions. 

3. Compare Hazus and FAST results to understand 
the improvement in flood loss estimation 
capability derived through per-building analysis 
and archetype-specific loss functions using 
consistent flood hazard data. 

4. Quantify and characterize mangrove scenario-
based reduction in FAST- estimated coastal flood 

June 30, 
2022 

85%  Methodologies to 
estimate flood average 
annual loss and to relate 
flood loss reduction 
based on wave and surge 
reduction were 
developed. The FAST 
tool was modified and 
used to estimate reduced 
flood loss for different 
mangrove wave and 
surge reduction 
scenarios. Now that we 
have a link of mangrove 
surge and wave 
reduction with the 
reduction of flood loss, 
the final step is to link 
flood loss reduction with  
mangrove characteristics 
pending completion of 
Activity 2.  
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loss. Where return periods can be assigned to flood 
scenarios through the Flood Insurance Study (FIS) 
or other means, loss scenarios will be used to 
return average annual loss (AAL) values 

c) what homeland security enterprise capabilities it 
will serve: Disasters and Resilience DHS enterprises in 
support of hazard mitigation using coastal greenbelt 
infrastructure 
d) the specific outcomes or deliverables it will 
produce: This activity will produce 1) numerical 
comparison of Level 2 Hazus and structure-specific, 
FAST-derived loss estimates and 2) numerical 
quantification of loss reduction associated with 
mangrove ecosystem designs, estimated at the structure 
level. 
e) the means by which those outcomes or 
deliverables will be placed into practice: Disasters and 
Resilience DHS enterprises in support of hazard 
mitigation using coastal greenbelt infrastructure. 

    

Research Milestone    

Activity 1: Functions of mangrove structure that 
estimate surge and wave reduction 

January, 
2022 

90%  

Activity 2: Landscape estimates of reduced surge and 
wave exposure for three greenbelt designs (shoreline 
length and inland zonation) 

March, 
2022 

75%  

Activity 3: Comparison of Hazus and FAST loss 
estimates. Loss reduction as a function of mangrove 
ecosystem 

May, 2022 

June, 2022 

100% 

85%  

 

    

 
IV. RESEARCH PRODUCTS AND DELIVERY   
 

Product Title Product Type 
(select from 
list above) 

Brief Product 
Description 
(include Function 
/ Purpose) 

Date 
Delivered 

(or 
projected 
date of 

delivery) 
 

Transition Method / 
Activity 

TLS Scans of 
Mangroves 

Data  Three-dimensional 
point cloud data set of 
the trees.  

  

Could compare  Software  Used to clean up raw 
point could data.  

  

AutoCAD/Inventor Software Using field 
measurements to fill in 
missing point cloud 
data from TLS scanner.  
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FAST model output Data The data include flood 
loss of individual 
buildings.  

  

Flood Average 
Annual Loss (AAL) 
Estimation 

Method Estimate the flood 
AAL of individual 
buildings.  

  

FAST approach Method Quantify effects of 
mangroves in reducing 
flood loss of buildings 
for individual storms 
like Hurricane Michael. 

  

AAL approach  Method Quantify effects of 
mangroves in reducing 
flood loss for a 
specified time horizon. 

  

Modified FAST 
Python code 

Software Modified the code of 
FAST tool to increase 
the flexibility and batch 
computation time. 

  

     
 

V. PUBLICATIONS  
1. Gnan, E., Friedland, C.J., Mostafiz, R.B., Rahim, M.A., Gentimis, T., Rohli, R.V., and Taghinezhad, A. 

(2022). Economically optimizing elevation of new, single-family residences for flood mitigation via life-
cycle benefit-cost analysis. Accepted at Front. Environ. Sci. – Water and Wastewater Management.   

2. Gnan, E., Friedland, C.J., Rahim, M.A., Mostafiz, R.B., Rohli, R.V., Orooji, F., Taghinezhad, A., and 
McElwee, J. (2022). Improved Building-specific Flood Risk Assessment and Implication of Depth-
damage Function Selection. In revision at Front. Water – Water and Hydrocomplexity.   

3. Rahim, M.A., Friedland, C.J., Mostafiz, R.B., Rohli, R.V., and Bushra, N. (2022). Estimates of building-
specific average annual loss reveal insights into U.S. property flood risk. In review at Water Resources 
Research.  

 
VI. PERFORMANCE METRICS 

YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where 

indicated) 

Internships hosted    
Undergraduate students who received tuition / 
fee support / stipend  

  

Graduate students who received tuition / fee 
support / stipend   

2  

Undergraduates who received HS-related degrees 
 

  
Graduate students who received HS-related 

  
2  

Graduates who obtained HS-related employment 
 

  
Journal articles submitted  3  



 
91 

Journal articles published  2  
Conference presentations    
Other presentations, interviews, webinars   
Patent applications filed    
Patents awarded    
Trademarks/copyrights filed    
Requests for assistance/advice from DHS agencies   Brief description 

Requests for assistance/advice from other federal 
agencies or levels of government 

 Brief description 

Total dollar amount of external funding  How much was from DHS? 
How much was from 
other sources?  Brief 
description of each. 

Total number of milestones for reporting period    
Accomplished fully  1  

Accomplished partially  2  
Not accomplished  0  
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GINIS / URI 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

 
Project Title: Modeling the combined coastal and inland hazards from high-impact hurricanes 
 
Principal Investigator Name/Institution: Isaac Ginis, University of Rhode Island (URI), Graduate School of 
Oceanography (GSO) 
 
Additional Research Participants/Partners: 
 
Participants: Tetsu Hara, URI/GSO, David Ullman, URI/GSO, Pam Rubinoff, URI Coastal Resources Center, 
Peter Stempel (PSU).  
Partners: Austin Becker, URI Marine Affairs, PI on another DHS/CRC project,  
Jason Fleming, Seahorse Coastal Consulting, PI on another DHS/CRC project.  
Collaborators: Avichal Mehra, Andre van der Westhuysen, and Ali Abdulali, NOAA National Centers for 
Environmental Prediction/Environmental Modeling Center,  
Saeed Moghimi, NOAA National Ocean Service. 
 
Short Project Description:   
This project advances the modeling capabilities of the real-time ADCIRC Prediction System for predicting 
hazards and potential impacts from tropical and extratropical cyclones on critical infrastructure and 
communities in the U.S. to meet the requirements of their primary users within federal agencies, including users 
within FEMA, USACE, and NOAA NWS, and decision-makers at state and municipal levels. The primary 
focus is on improving wind, coastal ocean circulation, and wave modeling of combined multiple hazard 
impacts, including coastal flooding due to storm surges and inland flooding due to rainfall. 
 
II. PROJECT NARRATIVE 

 
1. Project overview:   

 
The primary goal of this project is to develop and transition to operations new and improved modeling 
capabilities for the real-time ADCIRC Prediction System (APS).  In Years 1-6, we developed an ADCIRC mesh 
with very high resolution in the Southern New England region and demonstrated its utility in simulating storm 
surge and riverine flooding for selected historical and synthetic tropical and extratropical storms. In Year 6, we 
further modified the ADCIRC mesh in the upland areas around the major rivers in the region to enhance the 
model's capability to interface with observations and forecasts of river discharge to better simulate the flooding 
resulting from the combination of wind/wave-driven surge and high river discharge. The APS is currently based 
on the coupled ADCIRC-SWAN framework. In Year 6, in collaboration with NOAA scientists, we 
implemented on the RENCI computer cluster a flexible coupling application for ADCIRC with the 
WAVEWATCH III (WW3) wave model, ADCIRC-WW3-NWM-NEMS (Moghimi et al. 2020), recently 
developed at NOAA.  This was the first successful implementation of the ADCIRC-WW3-NWM-NEMS 
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coupled framework outside the NOAA high-performance computing machines. In Year 7, the ADCIRC-WW3-
ATM modeling system development and evaluation continued, and it will be transitioned to the real-time 
ADCIRC Prediction System (APS). 
 
In Year 1-6, we have also been developing a new modeling system for predicting surface wind during hurricane 
landfall based on the URI Hurricane Boundary Layer (HBL) Model. The HBL source code is currently being 
evaluated for implementation into the APS in collaboration with the Fleming project. In Year 7, significant 
advancement has been made in improving the HBL skill in surface wind forecasting during landfall.  
 
In Years 1-6, we developed, tested, and refined a novel approach to collecting storm consequence data and 
coupling it with ADCIRC high-resolution storm model outputs in partnership with the Becker project. In Year 
6, in collaboration with RI Emergency Management Agency (RIEMA), we created a prototype of the Coastal 
Hazard Analysis, Modeling, and Prediction System (richamp.org) for Emergency Management and Response 
that can be used in Emergency Operations Centers. In Year 7, this project delivers a real-time Rhode Island 
Coastal Hazards Analysis Modeling and Prediction (RI-CHAMP) system for hurricanes and nor’easters in 
Rhode Island. By the end of Year 7, the pilot system will be ready for the transition to operations in Rhode 
Island’s State EOC. 
 

2. Results:  
 
Activity 1: Advancing the storm surge-wave coupling in ADCIRC to improve coastal flood predictions 
This activity continues the development, implementation, and transition to the operational ADCIRC Prediction 
System (APS) a more advanced wave coupling framework based on the ADCIRC-WAVEWATCH III (WW3) 
that was installed and implemented successfully on RENCI high performance computers in Year 6. This effort 
is conducted in close collaboration with the scientists at the NOAA National Centers for Environmental 
Prediction/Environmental Modeling Center who created the ADCIRC-WW3-ATM (AWA) coupled framework. 
An important advantage of the ADCIRC-WW3-ATM coupling, which is based on the Earth System Modeling 
Framework (ESMF) and the National Unified Operational Prediction Capability (NUOPC), is its capability to 
use separate grids in the storm surge, wave, and atmospheric models. This allows for optimal grid resolution in 
each model and maximal computational efficiency and scalability to run on a large number of computational 
nodes. This is particularly important for real-time forecast applications.  
In Year 7, we successfully installed, compile, and ran a scalable version of the coupled ADCIRC-WW3-ATM 
model system, newly developed by our NOAA partners, at the RENCI computer clusters of the University of 
North Carolina. This new coupled model system is significantly faster than the old version that was installed 
and run in Year 6 and is essential for the efficient and fast execution of model simulations and forecasts. Using 
this new coupled system, we performed simulations of Hurricanes Florence in 2018 and Sandy in 2012. The 
results of these simulations were compared to observations and to results from ADCIRC/SWAN, ADCIRC 
standalone, WW3 standalone, and ADCIRC/WW3 (old version) simulations.  

In Year 7, we also investigated the sea-state dependent wind stress and the drag coefficient in tropical cyclone 
conditions by combining field observations of upper ocean currents and coupled ocean-wave simulations under 
five historical storms. The primary focus of this work is to improve the existing parameterizations of the wind 
stress and drag coefficient in the ADCIRC system.  

Activity 2: Advancing the atmospheric component of ADCIRC-WW3-ATM 
 
The ADCIRC-WW3-ATM (AWA) coupled framework enables its components, atmospheric, wave, and storm 
surge models, to communicate seamlessly, and efficiently to run in massively parallel environments (Moghimi 
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et al., 2020). The coupling between the models is based on the Earth System Modeling Framework (ESMF) and 
the National Unified Operational Prediction Capability (NUOPC) technologies. Currently, the NOAA’s version 
of AWA includes NUOPC compliant caps to read Hurricane Weather Research and Forecasting Model (HWRF) 
generated forcing fields. We are developing NUOPC compliant caps to read other atmospheric products, 
including the parametric wind model currently used in the operational ADCIRC Prediction System (APS) and 
the URI Hurricane Boundary Layer Model (HBL).  In Year 7, significant advancement has been made in the 
development of the HBL with a focus on improving surface wind forecast during landfall, including the updates 
of the hurricane vortex generation procedure, model resolution, and land roughness.  These updates were 
evaluated for two major North Atlantic hurricanes: Hurricane Irma in 2017 and Hurricane Florence in 2018. 
Details of this activity are provided in the report Appendix.   
 
Activity 3: Introducing two-way atmosphere-wave coupling into ADCIRC-WW3-ATM 
Accurate modeling of surface winds during hurricane landfall is critical for predicting power outages and 
infrastructure damage over land and coastal flooding due to storm surges. Our recent study (Chen et al. 2020) 
shows that the drag coefficient (surface roughness) can be significantly modified due to complex surface wave 
fields (i.e., strongly sea-state dependent) under a storm in shallow waters. To investigate the potential impact of 
the sea-state dependent surface roughness on the near surface wind during hurricane landfall we are working to 
introduce a two-way coupling between WW3 and HBL in the AWA system. This requires building new 
NUOPC compliant caps for the WW3 and HBL models. This activity is still in progress.    
 
Activity 4: Transitioning ADCIRC-WW3-ATM to real-time ADCIRC Prediction System.  
This activity is conducted after all the new coupling components in the ADCIRC-WW3-ATM discussed in 
Activities 1-3 and implemented and evaluated in historic hurricanes.  The main priority of this activity is to 
work with the ADCIRC developers and the Fleming project to integrate the AWA capability into the APS. This 
activity is still in progress.  
 
Activity 5: Application of ADCIRC for impact analysis of sea level rise on coastal flooding during 
extreme storms 
Sea level rise (SLR) due to climate change is exacerbating storm impacts. Coastal resiliency projects require an 
understanding of storm surge under future climate conditions. Important factors that need to be considered are 
the changing inundation depth, wave impacts, and flood pathways under different SLR scenarios. In this 
activity, we utilize the very high-resolution mesh in the Southern New England region for the ADCIRC-SWAN 
system developed in Years 1-6 to demonstrate its capability to model the combined effects of storm surge and 
SLR.  
In Year 7 we simulated Hurricane Sandy (2012) for the present sea level and with 1ft, 3ft, and 5 ft of SLR and 
conducted a comprehensive comparison with observations and analysis of the impact of SLR on the predicted 
water elevation and waves in the Rhode Island coastal area.   
 
In New England, nor’easters are the most common type of storm event that has significant coastal hazards.  
These storms are characterized by strong winds and heavy precipitation and have the potential for significant 
coastal erosion. The wind, storm surge, and wave impacts from nor’easters have become more severe and cause 
growing concerns for emergency management communities. In a companion project funded by National Park 
Service, we demonstrated high skill in predicting water levels that serve as the indicator of coastal flooding 
during nor’easters using the New England regional high-resolution mesh with upland inflows from 12 rivers 
developed by our team for ADCIRC under DHS funding. 
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We have conducted simulations of a powerful Nor’easter that occurred in January 2018 which resulted in 
widespread coastal flooding and peak water levels across New England.  We simulated this event for the present 
sea level and with 1 m SLR.  The ADCIRC-SWAN simulation for present sea level was validated through 
comparisons of predicted versus observed significant wave heights and water levels which showed that the 
model recreated the storm impacts well (Figure 1).   

 
Figure 1. Examples of ADCIRC-SWAN prediction and validation of January 2018 Nor’easter in New England.  
 
Analysis of the modeling results showed that the differences in predicted water level do not exactly match the 
increment of SLR added.  The difference is time and location specific and is strongly influenced based on the 
nearshore waves.  The analysis also showed that nearshore wave heights at a given location changed due to the 
increased bathymetry and that the degree of change was related to the wave heights.  The effect of SLR on 
storm impacts on the total water level and the inundated area was further along a wave dominated coast of Cape 
Cod, MA. An example of this simulation and a 3D visualization of inland flooding in Eastham, MA is shown in 
Figure 2. Additional simulations were run with and without wave coupling and with and without SLR. This set 
of simulations allowed us to evaluate the influence of waves and wave generated setup on the water levels at the 
coast and to further evaluate how SLR affects the waves. Details of this activity are provided in the report 
Appendix.   
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Figure 2. 3D visualization of a simulated inundation in Eastham, MA during January 2018 Nor’easter with no 
(top) and 1 m sea level rise (bottom). The flooding is overlaid on computer-generated depictions of 
commercial and residential structures. 
 
Activity 6: Integrating, testing, and vetting the system for real time readiness, in collaboration with 
Becker project and RIEMA 
During years 1-6 a reliable, efficient method was developed to couple ADCIRC model output with databases of 
consequence thresholds elicited from emergency managers and to generate high resolution inundation maps 
using an interactive web-based dashboard system.  This effort has been integrated into a Rhode Island Coastal 
Hazards Analysis Modeling and Prediction (RI-CHAMP) system for hurricanes and nor’easters in Rhode Island 
(Figure 3). 
 

 
Figure 3. Schematic diagram of the Rhode Island Coastal Hazards Analysis Modeling and Prediction (RI-
CHAMP) system. 
 
The main accomplishment of this activity in Year 7 is the transition of the RI-CHAMP system from a 
demonstration project to an operational resource within the RIEMA EOC. The analysis scripts developed in 
Years 1- 6 were refined according to end-user needs and translated from the “R” programming language to the 
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Python programming language to better integrate them with the State of Rhode Island’s enterprise GIS System. 
This work has furthered the testing and refinement of the RI-CHAMP dashboard. The types of impacts analyzed 
have been expanded, and processes have been adjusted to suit end-user needs in accordance with activities 2,3, 
and 6 of the Becker project. In addition to this, a more efficient method for storing large amounts of elevation 
data for inundation analysis has been devised and implemented as part of the system. The software translation 
and refinements fill a fundamental role in integrating ADCIRC and end-user concerns with widely used GIS 
systems. 
As part of our work on preparing for RI-CHAMP real-time readiness, one element which has been developed is 
a means to include the forecasted river boundary conditions.  As part of that effort, simulations of the March 
2018 Nor’easter were performed both with and without the inclusion of river flow forcing.  Details of this work 
are provided in the report Appendix.  
In August 2021, when Hurricane Henri formed in the Atlantic and was predicted to make landfall in New 
England, we had the opportunity to test the RICHAMP workflow. During this event, we coordinated with UNC 
and Seahorse Coastal Consulting (SCC) to integrate the URI New England mesh and model application within 
the suite of simulations executed by UNC using the ASGS system on the Renci high performance computer.  
 
The results of the forecasts were processed with scripts developed to subset the forecasted model output and 
provide input to the RICHAMP system.  We also developed scripts to perform a cursory quality assurance 
check of the forecasted simulation results through generating mapped output and time series at select points in 
the domain.  This output was shared with the Providence Emergency Management Agency (PEMA).  
 
The model results were also provided to the Becker team to evaluate assets in RICHAMP.  The asset status 
along with the inundation depths at upland locations above mean high water were posted in the dashboard 
viewer. Immediately following the storm, the Becker team developed an ArcGIS story map, which hosted 
forecasted results along with aerial imagery taken by NOAA's Remote Sensing Division. Figure 4 shows the 
story map with the results from the ADCIRC forecast associated with NHC Advisory 24 along a coastline in 
Newport, RI.  The forecast matched the observations well, with predicted inundation approximately matching 
the areas below the wrack line.    Additional details on the Henri ADCIRC forecasts and their evaluation are 
provided in the report Appendix.   
 
In January 2022, a RI-CHAMP end-user Training Workshop was held titled “Using the Dashboard” (led by the 
Becker team). Twelve attendees from RIEMA, Providence Emergency Management, RI DEM, RIDOH, FEMA, 
and DHS participated in the workshop. Feedback on the usability of the dashboard tool and walking through 
example scenario exercises guided dashboard layout and content improvements. 
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Figure 4. ArcGIS Story Map hosting NOAA post-storm aerial imagery along with ADCIRC predicted results 
for NHC Advisory 24.  The image is focused on part of the coastline in Newport RI where aerial imagery was 
taken.      

In May 2022, we participated as observers in the Southern New England Tabletop Exercise 
(https://www.weather.gov/box/SNE_tabletop) at RIEMA.  The event was hosted by the National Weather 
Service (NWS) with participation from New England state emergency management agencies, the US Army 
Corps, and the Coast Guard. Participation allowed us to gain perspective on the real-time use of model forecasts 
and introduced us to some newer NWS products.  An additional follow-up meeting via zoom between the RI-
CHAMP team and NWS Boston forecasters in June 2022 allowed us to inform NWS on the RI-CHAMP process 
and output products. The meeting resulted in a new action item to develop a means to also provide the local 
NWS office with RICHAMP output during storm events, further ensuring the use of our modeling efforts.  

3. End users:   

Federal Partners: NOAA National Centers for Environmental Prediction/Environmental Modeling Center, 
NOAA National Ocean Service, NOAA National Weather Service (NWS) Northeast, FEMA Region 1, US 
Coast Guard, NOAA National Weather Service (NWS) Northeast,  
 
State and Municipal Partners: RIEMA, RIDOH, RIDEM, RIDOT, PEMA, 
In Year 7, we worked with the previously established steering committee and our five previous key partners 
(RIEMA, PEMA, RIDOH, DHS, CISA), plus a new sixth key partner (RIDOT). RIDOT has selected this 
project as a testbed for rollout of its new Statewide ESRI Enterprise GIS system and has dedicated staff time 
and technical support from ESRI to ensure project success. RIEMA partners provided staff time and access to 
technical support from ESRI to ensure project success. Key partners provided regular input and guidance, 
including direction with respect to technical requirements of the database system and interface. The established 
steering committee and key partners lend the project credibility and ensure all project activities and final 
products are end-user focused.  
 
 

https://www.weather.gov/box/SNE_tabletop
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Testimonials from our End-User Partners 
“URI’s Real Time 3-D Storm Impact Modeling will allow Emergency Managers to determine the potential 
impacts to critical infrastructure. It also will allow states to strategically plan to mitigate those storm impacts.”  
Tom Guthlein, Executive Administrator, RIEMA 

 
“Thank you for supporting our preparations for Tropical Storm Henri with your modeling scenarios and 
inundation projections. They were very helpful in informing our decision making during the preparations and 
response to Henri and it was exciting getting to use them for a real-world storm!”  
Clara Decerbo, Providence Emergency Management Agency (PEMA) Director 

 
4. Transition: 
 

In collaboration with the Becker project, we transferred the RI-CHAMP system for use by RIEMA including the 
development of guidance documents, training materials, and exercises on the integration of the dashboard and 
associated materials for use in the state EOC. In addition, our research team hosted a training exercise with 
emergency managers that serve in the State EOC for planning purposes or during a major storm event. Once 
fully operationalized, the RI-CHAMP system can be used for near real-time applications during hurricanes and 
nor’easters. We will continue to provide technical support to RIEMA as they apply RI-CHAMP within their 
emergency response systems. This post-transition support is critical to end-user success, as they develop new 
workflows, identify resources to support/maintain the tool, and move the application from URI’s servers onto 
the RI Statewide Enterprise GIS system. 
 

5. Project Impact: 
 
Our project advances current technologies by providing emergency managers with access to real-time high-
resolution storm hazard and impact data that can be used to increase emergency response operational efficiency 
during a major storm event, potentially saving lives and reducing storm impacts. In Years 6-7, we implemented 
a flexible coupling application for ADCIRC with the WAVEWATCH III (WW3) wave model, ADCIRC-WW3 
system, recently developed at NOAA. This is the first successful implementation of the ADCIRC-WW3 coupled 
framework outside of NOAA. The coupled ADCIRC-WW3 system allows for the incorporation of new surface 
wave impacts on storm surge that are not currently accounted for in the ADCIRC-SWAN system. An important 
advantage of the ADCIRC-WW3-ATM coupling is its capability to use separate grids in the storm surge, wave, 
and atmospheric models. This allows for optimal grid resolution in each model and maximal computational 
efficiency and scalability to run on a large number of computational nodes, which is particularly important for 
real-time forecast applications.  
 
This project will advance not only the operational ADCIRC Prediction System but will also improve the 
modeling capabilities at NOAA’s National Weather Service as indicated in the following statements provided 
by our NOAA colleagues. 
“I am pleased to provide support and guidance whenever possible to this project. We are interested in 
advancing the ADCIRC-WW3 coupled system and research on the combined effects of storm surge, waves, and 
sea-level rise on coastal flooding which will benefit future operational systems at NCEP like COASTAL Act.”   
Dr. Avichal Mehra, Chief, Dynamics and Coupled Modeling Group Modeling and Data Assimilation Branch, 
NOAA/NWS/NCEP/EMC. 
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“Research and development studies currently conducted at URI on development and testing of the ADCIRC-
WW3-ATM including wave-current interactions and sea-state dependent atmospheric forcing as well as the 
possibility to couple these models directly to Hurricane Boundary Layer model via coupling software layers are 
very much in-line with our developmental plans and would support our mission.”  
Dr. Saeed Moghimi, NOAA/NOS Storm Surge Modeling Team Lead. 
 
Our RI-CHAMP system advances current storm hazard impact prediction systems used by emergency managers 
during a major storm event by leveraging high-resolution storm models paired with localized information 
regarding storm impacts developed by the Becker team. This gives emergency managers access to relevant, 
actionable, and contextualized information that can be used to support emergency management and response. 
Our RI-CHAMP system can predict potential storm impacts hours before a storm makes landfall, giving 
emergency managers additional time and capacity to respond to storm impacts before they occur. Advanced 
warming has the potential to save lives, reduce storm impacts, and save money from storm damage while also 
increasing the operational capacity of emergency managers to plan for and respond during a major storm event. 

6. Unanticipated Problems:  

A few challenges that we experienced during Year 6 caused delays in completing some tasks. The main factors 
include: 

a) A 6-month delay in receiving initial funding which arrived in late December 2021 affected our ability to fully 
execute various activities of the project.  

b) Execution of the model runs sometimes was delayed due to the limited bandwidth at the RENCI/UNC server.  
URI has recently joined the Massachusetts Green High-Performance Computing Center (MGHPCC) and 
invested $1.5 million in purchasing additional computational nodes. We have recently installed the ADCIRC 
system at MGHPCC which provided additional computational resources for this project.  

c) Due to COVID, several key meetings with our partners and end-users were delayed, and some professional 
conferences were canceled or postponed.  

7. Student Involvement and Awards:  

Number of Students 
Six graduate students were involved in this project, one being whole supported, four being partially supported, 
and the other two being supported with companion funding.   
Internship: 
Levi Louis, Science & Engineering Fellow, University of Rhode Island. Summer 2021. Mentors: Isaac Ginis, 
Mansur Ali Jisan 
Role of Students: 

• Mansur Ali Jisan, a Ph.D. student at GSO/URI, worked on developing, testing, and real-time 
implementation of the URI Hurricane Boundary Layer Model (Partial CRC support). 

• Deborah Crowley, an MS student at GSO/URI, worked on developing and testing the ADCIRC high-
resolution mesh in Southern New England and its application for coastal flood modeling during hurricanes 
and nor’easters in the Northeast (supported by a companion NPS project).  
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• Angelos Papandreou, a Ph.D. student at GSO/URI, worked on implementing and testing the ADCIRC-
WAVEWATCH3 coupled system and its evaluation and comparison with the ADCIRC-SWAN coupled 
system (Full CRC support).  

• Joshua Port, a Ph.D. student at GSO/URI, worked on implementing RI-CHAMP for real-time forecasting 
and evaluating different available wind products for hurricane prediction (Partial CRC support).  

• Xiaohui Zhou, a Ph.D. student at GSO/URI, worked on investigating the sea-state dependent wind stress and 
drag coefficient in tropical cyclones (supported by a companion NSF project). 

• Jingkin Zhang, Master of Landscape Architecture, Penn State University - assisted with developing 
experimental representations of wind models by showing their effect on the landscape (Partial CRC 
support). 

• Levi Louis, an undergraduate student at URI College of the Environmental and Life Sciences, University of 
Rhode Island, worked as a summer intern and assisted in analyzing the ADCIRC modeling results and 
comparisons with observations (Partial CRC support). 
 

 

Figure 5. Levi Louis, an undergraduate student at URI College of the Environmental and Life Sciences, 
University of Rhode Island, worked as a summer intern and assisted in analyzing the ADCIRC modeling results 
and comparisons with observations. He is shown to give a presentation of his work during this project.  

Degrees Attained: 

Xiaohui Zhou, Ph.D. in Physical Oceanography.  
Student Awards 

Xiaohui Zhou was awarded the William E. Simmons Memorial Scholarship in Oceanography by the 
University of Rhode Island Foundation. The scholarship is awarded annually in the area of 
Oceanography for discoveries or research expected to be of real economic value. 

Jobs Secured: 
Dr. Xiaohui Zhou will start a job as a postdoctoral researcher at Princeton University with Prof. Luc Deike 
(http://ldeike.princeton.edu/) beginning September 1, 2022.  

http://ldeike.princeton.edu/
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8. Theses and Dissertations: 

 
Xiaohui Zhou defended her Ph.D. dissertation on June 23, 2022. Title: “Effects of Surface Waves on Wind 
Stress and Ocean Response Under Tropical Cyclones.”  Primary advisors: Tetsu Hara and Isaac Ginis.  
 
III. RESEARCH ACTIVITIES AND MILESTONES 

 

Status as of 6/30/2022 

Research Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

Activity 1: Advancing the storm surge-wave 
coupling in ADCIRC to improve coastal flood 
predictions 
 

June 30, 
2022 

  

Activity 2: Advancing the atmospheric component 
of ADCIRC-WW3-ATM 
 

June 30, 
2022 

  

Activity 3: Introducing two-way atmosphere-wave 
coupling into ADCIRC-WW3-ATM 
 

June 30, 
2022 

  

Activity 4: Transitioning ADCIRC-WW3-ATM to 
real-time ADCIRC Prediction System.  
 

June 30, 
2022 

  

Activity 5: Application of ADCIRC for impact 
analysis of sea level rise on coastal flooding during 
extreme storms 
 

June 30, 
2022 

  

 

 

IV. RESEARCH PRODUCTS AND DELIVERY   
 

Product Title Product Type 
(select from 
list above) 

Brief Product 
Description / 
Function / 
Purpose 

Date 
Delivered 

(or 
projected 

date of 
delivery) 

Recipient or End 
User(s) 
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ADCIRC-
WAVEWATCH III 
modeling system 

Software Coastal flood & wave 
forecasts and 
hindcasts.  

6/30/2022 ADCIRC users at federal, 
state, and local agencies.  

High resolution New 
England mesh with 
capabilities to 
accommodate inflows 
from significant rivers 
in the region. 

 

Software Coastal and inland 
flood & wave 
forecasts and 
hindcasts. 

6/30/2022 ADCIRC users at federal, 
state, and local agencies. 

Added to ADCIRC the 
capability of modeling 
the operation of 
pumps in weirs. These 
modifications are 
made to the current 
development version 
of the ADCIRC code 
and will be merged 
into the ADCIRC 
distributed version. 

Software Coastal and inland 
flood forecasts and 
hindcasts in the 
presence of hurricane 
barriers or weirs with 
electric pumps.  

6/30/2022 ADCIRC users at federal, 
state, and local agencies. 

Hurricane Boundary 
Layer model for 
landfall forecasting  

Software Wind forecasts and 
hindcasts for 
landfalling hurricanes 

6/30/2022 ADCIRC users at federal, 
state, and local agencies. 

NOAA, National Weather 
Service 

RI-CHAMP Result/Concept A hazard impact 
prediction system that 
integrates end-user 
concerns regarding 
storm impacts with 
ADCIRC- Surge 
Guidance system to 
provide predictions of 
storm impacts to 
critical infrastructure 
for use in EOCs 

6/1/2021 Rhode Island Emergency 
Management Agency and 
other pertinent state and 
federal agencies 

RI-CHAMP Website 

(www.RICHAMP.org) 

Result/Concept Description of the 
suite of tools and 
applications of RI-
CHAMP 

4/1/2021 Potential users, Facility 
managers, and partner 
agencies 
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VI. PERFORMANCE METRICS 
 

YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where 

indicated) 

Internships hosted  2  

Undergraduate students who received tuition / fee 
support / stipend  

0  

Graduate students who received tuition / fee support 
/ stipend   

2  

Undergraduates who received HS-related degrees 
 

0  

Graduate students who received HS-related degrees 
 

0  

Graduates who obtained HS-related employment 
 

0  

Journal articles submitted    

Journal articles published    

Conference presentations    

Other presentations, interviews, webinars   

Patent applications filed    

Patents awarded    

Trademarks/copyrights filed    

Requests for assistance/advice from DHS agencies   Brief description 

Requests for assistance/advice from other federal 
agencies or levels of government 

 Brief description 
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Total dollar amount of external funding  1. A Grant from the 
National Park Service: 
Climate Change Impacts 
on Northeaster 
Vulnerability, for Three 
New England Parks, 
$268,290 

2. A grant from the Dept. 
of Defense Office of 
Economic Adjustment to 
carry out a Military 
Installation Resilience 
Review of Naval Station 
Newport, $580,000 

 3. A grant from the 
National Science 
Foundation: Collaborative 
Research: Surface Wave 
Impacts on Upper Ocean 
Response Tropical 
Cyclones ($445,813)  

4. A grant from NOAA: 
Modeling, Visualizing, and 
Communicating Nor'easter 
and Hurricane Threats with 
Sea-level Rise to Support 
Coastal Management 
within New England 
($1,525,059) 

5. A grant from Office of 
Naval Research: 
Forecasting Coastal 
Impacts from Tropical 
Cyclones along the US East 
and Gulf Coasts using the 
ADCIRC Prediction System  
($180,000 – URI subaward) 

Total number of milestones for reporting period    

Accomplished fully    

Accomplished partially    

Not accomplished    
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BLANTON-UNC/RENCI 
 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 PROGRESS REPORT  
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

 
Project Title: Enhancements and Extensions to the ADCIRC Prediction System Operational Awareness 
Dashboard Health Monitor 
 
Principal Investigator Name/Institution: Brian Blanton (RENCI) 
 
Additional Research Participants/Partners: Lisa Stillwell (RENCI), Phil Owen (RENCI), Jim McManus 
(RENCI), Jeff Tilson (RENCI) 
 
Short Project Description:   
This Year 7 project has extended the functionality and capabilities of the previously developed 
Operational Awareness Dashboard (OAD) that monitors the health and status of ADCIRC Prediction 
System (APS) instances being conducted across several HPC sites (via ASGS, for example). The 
dashboard provides a real-time view of simulations and displays multiple, concurrent systems instances 
on different HPC resources.  Extensions to the OAD now collect and display more detailed information 
about ADCIRC runtime parameters and simulation status, including messages that allow rapid 
visualization of real-time ADICRC results.  The new visualization capability uses a cloud-based and 
containerized approach to computing data layers and deploying a web-mapping website for display of 
prediction products.   Specifically, in Y7 we have focused on the new visualization system for APS 
predictions by adding containers to generate new visualizations, updating the web-mapping framework 
to the latest release, and improving the way the database of available simulations is presented to the end-
user/website.  

 
 
II. PROJECT NARRATIVE 

 
1. Project overview:  Recent tropical cyclone (TC) impacts on the eastern US and Gulf of Mexico coasts 

have demonstrated that storm surge and wave predictions from the ADCIRC Prediction System (APS) 
have substantial demand and value to end-users, such as emergency managers, the US Coast Guard, 
NOAA, DHS/FEMA, and private companies.  To meet this demand, the core APS operations 
community relies on high performance computing (HPC) resources to compute and deliver real-time 
storm surge guidance information to end-users.  The primary APS components, ADCIRC and the 
ADCIRC Surge Guidance System (ASGS), have proven to be robust, efficient, and accurate, although it 
remains challenging for APS operators to have an awareness of the entire suite of activities and 
simulations being conducted during a TC event, since each APS instance is run independently and by 
different human operators.  This presents a significant challenge when it is critical for operators and real-
time guidance experts to know what is being computed, the status and progress of simulations, and 
(particularly) when updated results can be expected.   
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Over the past 4 center years, this project has developed the ADCIRC Prediction System (APS) Health 
Monitor that includes the Operational Awareness Dashboard (OAD, display of information from running 
ASGS instances on a single webpage) and the new visualization system (APSViz) that leverages cloud-
based technologies and containers to generate products rapidly, efficiently, and flexibly for end-users, 
including a web-mapping solution based on the Terria.io React framework.  Several new visualization 
layers have been added in Y7, along with updating to the latest Terria version, containerization of all 
system components, and a preliminary deployment capability into Amazon Web Services (AWS) Elastic 
Kubernetes Service (EKS). 

 
2. Results: During Y7, we have continued to maintain the OAD.   The OAD depends on receiving 

messages from running ADCIRC/ASGS systems, using the Advanced Message Queuing Protocol 
(AMQP) to send real-time status messages to a message handler that generates the web-based view 
shown in Figure 1.  There are several concurrent ASGS systems transmitting messages to the OAD from 
HPC sites at RENCI and PSC (Pittsburgh Supercomputing Center).

 
Figure 7.  OAD information layout implemented in Y5, and improved/maintained in Y7, of this project.   At the time this screen shot was taken 
(July 18, 2021), three ASGS instances were running, two at RENCI and one at PSC, using the NCEP NAM meteorology.  Each instance was both 
waiting on information from NCEP (left side) and computing forecasts (right side). During the hurricane season, other ASGS instances running at 
participating HPC sites are displayed similarly.  

In the previous Y6 annual report, we detailed the cloud-based and containerized approach to the handling 
the processing of ADCIRC prediction output and the generation of geospatial layers for the APSViz 
website.  Based on Docker images/containers and the workflow/resource management system Kubernetes 
(K8s, https://kubernetes.io), a supervisor process is alerted to new datasets to process via the arrival of a run 
properties message.  The supervisor then dispatches the information to containers that compute a variety of 
different visualization products, including inundation depths and comparison of output to NOAA 
observations of coastal water level.  The supervisor also coordinates the I/O of the containers and collects 
the outputs into a GeoServer that is connected to the APSViz website.  
 
We described in Y6 the use of MapBoxTM tiles for visualization of spatial fields such as the ADCIRC 
maximum water level surface.  In Y7, we replaced these tiles with geotiffs.  There are two primary reasons 
for this change.  First, one feature needed by end-users is to click on a map and get the value of the scalar 
field (eg, water level) at that point.  Since MapBox tiles are based on png-format image files that contain the 
RGB values of the color mapping for a scalar value, mapped onto a pre-specified colormap, it is not straight-
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forward to convert this RGB triplet back into a scalar value.  Geotiffs, on the other hand, are single-band 
floating-point raster files, where the single band contains the actual scalar value of the field in the image.  
This allows the retrieval of the scalar value at a point, as shown in Figure 2, where the maximum water 
surface elevation at the mouse location (black arrow) is 0.812 meters MSL.  In the previous MapBox tile 
version of APSViz, this query would have returned the RGB triple of the blue at that point, which is not 
easily interpreted as a water level value.  
 

 
Figure 8.  Detail of APSViz showing the scalar value of the maximum water level at a point. 

The second advantage of geotiffs over png-based tiles is that the color scaling of the geotiffs can occur when 
the image is rendered on the webpage, as opposed to the color scaling being applied with the MapBox tiles 
are generated.  This will ultimately allow a user to choose the color palette and color range to apply to a map 
through a user-interface component on the webpage (scheduled for implementation in Y8).  
  
The previous version of APSViz was based on Terria.io, version 7.  In Y7, we updated it to Terria 8, which 
includes new features and functionality that will be leveraged in Y8.  Figure 3 shows the current state of the 
APSViz website. Although not obvious based on these figures, the underlying catalog interface and 
interactions are substantially more efficient  and easier to navigate compared to the Terria 7 version.   
 

 
Figure 9.  APSViz showing the maximum water surface elevation (left) and maximum significant wave height (right) from a recent APS 
prediction on the high-resolution North Carolina/South Carolina ADCIRC grid.   



 
111 

This has enabled the development of selection menus that refine and reduce the amount of information 
provided to the user.  Currently, users can select layers based on the Forecast Type, ADCIRC Grid, and the 
Calendar Date (Figure 4).  Additional search capabilities are now much easier to implement, several of 
which will be implemented in Y8. 

   

 

Figure 10. Catalog search elements added in Y7, enabled by updating the APSViz system to Terria v8. 

In Y7, we added additional observed data types to the system, including water levels as collected by the 
State of North Carolina and wind-wave data from NOAA’s National Data Buoy Center (NDBC).  The latter 
has been added to the APSViz website and can be accessed by clicking on a buoy location on the map 
(yellow circles in Figure 3 above).  
 
We also developed the documentation needed to specify the message content and how to send the AMQP 
messages so that other modeling systems can send the same type of messages and have their status 
information be visible on the OAD.  Initial testing of this started late in Y7, using a model management 
system called Ecflow.  We expect this to be finalized early in Y8.   

 
3. End users:  End users of the dashboard part of the project are specifically operators and researchers using 

the APS for real-time prediction of storm surge and wave threats from tropical and extra-tropical 
weather systems.  This operator end-user group has deep knowledge of the ADCIRC modeling software 
system, HPC systems, and the requirements for real-time prediction of surge and wave hazards from 
tropical cyclones, but historically has lacked a high-level, group-wide perspective on concurrent 
simulation activities. Current APS operators and product communicators using the OAD and APSViz 
include Rick Luettich (UNC, CRC), Brian Blanton (UNC, CRC), Matt Bilskie (UGA), and colleagues at 
the University of Rhode Island.  This group of users must maintain an operational awareness of all 
concurrent APS-related computing activities in a fast and easily understandable format, in order to 
efficiently and accurately communicate hazard information to their respective end-users and “clients”, 
anticipate delivery of new information, and react to system warnings and errors that delay product 
computation and delivery.  The visualization component to the project has reached a level of maturity 
such that we plan to make access to it more broadly available early in Y8.     
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4. Transition: Transition of the project’s OAD is done through the website that hosts the OAD,  
https://asgs-monitor.renci.org/index.  All APS operators have an account on this website and can view 
all currently running instances.  Any new features, bug fixes, or changes are described and discussed as 
needed on the frequent coordination concalls.  As of the end of Y7, the APSViz system has not been 
transitioned to broader access, although we note that R. Luettich is very engaged in the project and 
providing valuable feedback during the development process.  We expect significantly more transition 
activities in Y8, including processing and visualization of model output other than ADCIRC, for 
example riverine/inland flooding information from the HEC-RAS hydraulic model.  This will 
substantially broaden the user base and garner much feedback on the user interface and functionality.   

 
5. Project Impact: The primary impact of the OAD is through the operators that are running the APS 

system on multiple HPC sites, with different ADCIRC configurations, and potentially for different but 
concurrent tropical events.  It provides a unified view of all APS instances, thus facilitating more 
effective communication between operators maintaining and running the systems.  This impacts the 
broader end-users that the operators are in communication with, by increasing the timeliness and 
robustness of operational products for decision-making.  The APSViz aspect of the project is having 
(and will have) a much larger impact as it is targeted at more end-user groups than operators of 
ADCIRC-based simulation systems.  Currently, at the end of Y7 and thus heading in to the 2022 Atlantic 
hurricane season, APSViz is used exclusively by R. Luettich to communicate APS prediction results to 
decision makers, including the US Coast Guard, DHS/FEMA, and the North Carolina Department of 
Transportation.   

6. Unanticipated Problems: Other than typical software development issues, there have been no 
unanticipated problems due to the expertise of the software development/engineering personnel on the 
project.  The design, implementation, and maintenance of OAD and APSViz have been efficient, 
streamlined, and rapid.  No students were involved in this project, because of the need for robustness, 
on-time delivery, and deep understanding of web technologies.  The COVID situation did not pose any 
substantive issue, as the team is very comfortable and productive in a work-from-home situation.  Little 
to no loss in productivity has been noticed by the lead PI (Blanton). 

7. Student Involvement and Awards: None 

8. Theses and Dissertations: None. 

9. Involvement in DHS Summer Research Teams for Minority Institutions Program 

In Y6, RENCI/Blanton hosted (virtually) a research team through the SRT program in summer 2020.  
However, that SRT team was not involved in this OAD/APSViz project.  Rather, the SRT project was 
focused on neural network applications for storm surge prediction.   The SRT team applied for, and was 
awarded, a one-year follow-on project to pursue several questions that arose from the summer period, which 
was carried out during Y7.    

 
 
 
 
 
 
 

https://asgs-monitor.renci.org/index
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III. RESEARCH ACTIVITIES AND MILESTONES 
 

Status as of 6/30/2022 

Research Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone 

was not 100% 
completed 

1. Deploy basic visualization capability in OAD-HM with 
display of maximum water levels and observed water 
level comparisons. 

1 Aug 2021 100%  

2. Deploy visualization system in Amazon Web Services 
Elastic Compute Cloud. 

1 Feb 2022 100%  

3. Maintain and support ASGS Health Monitor for 2021 
hurricane season. 

28 Feb 2022 100%  

Research Milestone    

1. Host a virtual meeting with ASGS operators and 
communicators to introduce train new run.properties 
features and functionality of the new ASGS-HM 
website. 

15 Aug 2021 100%  

2. Successful use of the ASGS-HM during the 2021 
Atlantic Hurricane season. Success will be measured 
qualitatively by talking with ASGS operators after 
major tropical events, as well as providing guidance on 
the ASGS-HM during event.  We will respond to user 
questions and suggested modifications as appropriate. 

30 Nov 2021 100%  

3. Maintenance and updating of the ASGS-HM system. 
This includes addressing software bugs and failures 
and updating the required software components on the 
computers that host the RabbitMQ messaging system, 
the message database, and the website itself. Any 
substantial software update will be documented. 
Without maintenance of the software system, existing 
functionality may be degraded and new features 
impossible to implement. 

30 Jun 2022 100%  

 

IV. RESEARCH PRODUCTS AND DELIVERY   
 

 
Product Title Product Type 

(select from 
list above) 

Brief Product 
Description 
(include Function 
/ Purpose) 

Date 
Delivered 

(or 
projected 

date of 
delivery) 

Transition Method / 
Activity 
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Operational 
Awareness 
Dashboard (OAD) 
Website 

Software Web-based dashboard 
for display of real-time 
ASGS simulation 
status 

Ongoing, 
maintenance 
updates as 
needed, 
feature 
extensions 
as detailed 
above  

APS/ASGS operators 

APSViz component 
to OAD 

Software Web-based map 
display of APS/ASGS 
simulation output  

Beta/test 
version 
deployed 1 
April 2021 

Currently, APSViz 
developers and CRC 
director.  Ultimately, any 
person with interest in visual 
access to APS/ASGS 
simulation results. 

 

V. PUBLICATIONS:  None 
 

VI. PERFORMANCE METRICS 
 

Metric 
Number Description 

(where 
indicated) 

Internships hosted  0  

Undergraduate students who received tuition / fee support / 
stipend  

0  

Graduate students who received tuition / fee support / stipend   0  

Undergraduates who received HS-related degrees (number) 0  

Graduate students who received HS-related degrees (number) 0  

Graduates who obtained HS-related employment (number) 0  

Journal articles submitted  0  

Journal articles published  0  

Conference presentations  0  

Other presentations, interviews, webinars 0  

Patent applications filed  0  

Patents awarded  0  

Trademarks/copyrights filed  0  

Requests for assistance/advice from DHS agencies  0 Brief 
description 
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Requests for assistance/advice from other federal agencies or 
levels of government 

0 Brief 
description 

Total dollar amount of external funding 0 How much 
was from 
DHS? How 
much was 

  
  

 
  

 

Total number of milestones for reporting period  6  

Accomplished fully  6  

Accomplished partially  0  

Not accomplished  0  
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PI: Jason Fleming/Seahorse Consulting 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
 

I. INTRODUCTION 
 
Project Title: Advancing ADCIRC Operations 
 
Principal Investigator Name/Institution: Jason Fleming, Principal Consultant, Seahorse Coastal Consulting, LLC 
and Executive Chair, Scimaritan, L3C 
 
Additional Research Participants/Partners: 

• Within CRC: Robert Twilley, LSU; Brian Blanton (RENCI), Rick Luettich (UNC-CH); Clint 
Dawson (UT); Casey Dietrich, NCSU. 

• External to CRC: Texas Advanced Computing Center (TACC): LSU Center for Computation and 
Technology (LSU CCT) with Carola Kaiser POC; Katelyn Costanza, CeHydro, LLC; Brett 
Estrade, Coastal Computing Services, LLC, Nathan Dill. Ransom Consulting, Inc. 

Short Project Description:   
Strategic Vision: Truly informed leadership for hurricane response and recovery nationwide. 

Mission: Producing proven storm surge insight to empower decision makers. 

As the Transition PI team of the CRC, we have led the efforts to commercially deploy and operationalize the 
research products of the CRC to generate sustainable funding. To recap, in 2017, we founded Scimaritan, 
L3C as a not-for-profit organization and a legal vehicle to support the mission of commercial transition by 
bundling services into a client-centric service offering. Scimaritan is a privately owned small business, 
owned by the PI, domiciled in Louisiana, and it is treated as an LLC for tax purposes. It is also able to 
receive Program Related Investments (PRIs) from 501c3 non-profits (unlike a typical LLC).  Scimaritan 
began collecting significant commercial revenue for real time storm surge model guidance in Louisiana 
immediately and has enjoyed continuously stable positive cash flow which will continue through the 2021 
season. 

Over the past three hurricane seasons, Scimaritan has developed strong client loyalty and a reputation for 
reliability and technical excellence with our State Agency client (Louisiana CPRA). In particular, last year’s 
record breaking hurricane season with over 30 named storms, including 5 landfalls in Louisiana (also a new 
record) was a true test for Scimaritan and for our client, LA CPRA. We passed the test of the 2020 hurricane 
season with flying colors and successfully renewed our CPRA contract for the 2021 hurricane season due to 
strong support and vigorous advocacy from LA CPRA personnel on our behalf. 
In Year 7, we propose to scale Scimaritan nationwide by launching our associated brand, stormsurge.live, 
with new technical capabilities (including inland rainfall flood guidance for the first time) and new outreach 
and marketing including social media, dedicated website with Salesforce integration, and outreach events. 
This is not a live website yet. We hired a web design company called Pixel Power to design it (as well as the 
new logo) back in March 2021 but it was not finished yet when we got our first hurricane in May 2021. We 
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plan to resume the design and deployment process as soon as the worst of the hurricane season is over. 
 
II. PROJECT NARRATIVE 

 
1. Project overview:   
For over a decade, our network of researchers has helped build and deploy real time flood decision support 
using highly specialized and well-integrated technology solutions needed for best available guidance. Our 
team specializes in deploying the latest models for real time decisions at scales where success requires a 
results-oriented mindset and the commitment to do whatever it takes to support the client. During the 
challenging 2020 hurricane season, our results were universally praised by the decision makers who were 
relying on our analysis to protect lives and property from the risks associated with flooding caused by 
extreme weather events. 

We are at a crossroads. The Department of Homeland Security, Science and Technology Directorate has 
invested in us at the Coastal Resilience Center for over ten years. We have produced numerous high-
profile successes and built momentum. The time has now come to scale up our DHS-supported victories 
into long term sustainable and diversified revenue. 

The strength of our decision support is in the collaborative work of the network of researchers. To create a 
sustainable path for growth and development, we must diversify our revenue sources by creating a formal 
organization where we all work toward the same goal. Our stormsurge.live brand and website will 
represent the dedicated not-for-profit consortium that our team can work within to continue deploying 
supercomputer-powered models to rapidly inform critical decisions. 
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Proposed Consortium 
The proposed consortium is a new model guidance partnership that is designed to capture the best 
parts of the way we currently do business. Each of the existing players, who may currently define 
themselves as researchers, financial sponsors, users, or stakeholders, will become members of a 
new partnership. We are developing bylaws and board members 
 
Structural Value Proposition 
Each member of the partnership would provide something of value to the group annually, and 
receives something of value in return. For each member, the value gained from membership is 
much greater than the value contributed, making the partnership sustainable. 
Solutions 

• Live Storm Surge Visualization 
• Real-Time Hindcast 
• Web Mapping Services 
• Historical Storms 
• 24/7 Help Desk Support 
• Trainings 
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• GIS-compatible Data Export 
• Subdomain Modeling 

                    Marketing 

• Website and branding 
• Sales lead tracking with Salesforce 
• Social Media 

                    Sales 

• Subscription-based membership 
• Fee-based products and services 

                   Collaboration 

• In-kind contributions and joint proposals 
• Produces revenue for academic partners to incentivize their participation and to 

financially compensate academic collaborators for their in-kind contributions. 
• We provide a conduit to deliver academic research innovations into operations. 
• Data sharing agreements 

                   Support 

A unified Help Desk software package allows us to create and maintain a single starting reference 
point of contact for inquiries, requests, comments and feedback from our members as well as the 
public overall. This system allows us to route requests to the right person to answer them as well 
as track, measure, and control the customer experience. 
Issue escalation and response procedures will be codified to relate the level of member access and 
request priority with membership financial buy-in level. 

 
 

2. Results: 
Activities and Milestones Table 

 

7/1/2021 – 6/30/2022 

Transition Activity Original Estimated 
Completion Date 

Real Time Operations during Hurricane Season 

• Operating and maintaining all systems in a ready state 

• Supporting clients during active events 

30 June 2022 

Marketing and Sales 

• Social media content development and deployment 

• Salesforce integration with stormsurge.live website 

30 June 2022 
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Continued Integration of Wind Blending and Data Assimilation Workflows into ASGS 

• Wind Blending improves water level results because it includes far field winds 

• Data assimilation improves water level results by incorporating measured 
water level data 

30 June 2022 

Continued Development and Validation of Minimum Viable Product 

• Continued development of real time validation workflows with measured data 
to characterize model data quality for clients 

• Sales automation and billing system 

30 June 2022 

Evaluate Blockchain for commercialization of results 30 June 2022 

• Non-Fungible Tokens (NFTs) are becoming mainstream Ethereum Blockchain 
technology for e-ecommerce of digital assets 

• OpenSea is a marketplace that supports bundling of digital assets (like storm 
surge model guidance data sets) for trading via the Ethereum Blockchain 

 

Organize/host real time modeling conference 

• Provide outreach and training via ADCIRC Boot Camp 

• Collect sales leads and develop professional networking 

30 June 2022 

Transition Milestone  

Consistent, reliable, effective operations for 2021 hurricane season 30 November 2021 

Salesforce integration with new website 1 August 2021 

Full integration of wind blending and data assimilation capabilities into ASGS 
(contingent on cooperation and code availability with partners) 

30 November 2021 

Release updated product/service package based on feedback from voice-of-customer 1 June 2022 

Prototype digital products deployment on Ethereum Blockchain marketplace OpenSea 1 June 2022 

Organize and run stormsurge.live real time coastal modelling conference/trade show 
including ADCIRC Boot Camp 

1 June 2022 

 
3. End users:   

Ignacio Harrouch, Director of Operations at the Louisiana Coastal Protection and Restoration 
Authority : Decision maker actively using our guidance to operate the Hurricane Surge Damage Risk 
Reduction System (HSDRRS) in Louisiana. 

 
Gordon Wells. Research Associate at the Center for Space Research at UT Austin and Science Director 
at the Texas State Operations Center (SOC) : Decision maker actively using our guidance for natural 
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hazard response in Texas. 
 
Christina Lindemer. Coastal Engineer at FEMA : Key staff member at FEMA involved in model 
guidance for decision support and member of the Federal Advisory Board for the CRC. 
 
Mark Hope, Senior Vice President at GuyCarpenter, a data analytics firm serving the reinsurance 
industry: voice of customer on our products and services. 
 
Lyle Donan, President and CEO of Donan Forensic Engineering, an engineering investigation firm 
serving the primary insurance industry : voice of customer on our minimum viable product. 
 
4. Transition: 
 
Our audience continues to grow year by year, mostly via external partners (e.g., CERA at LSU).  
 
5. Project Impact: 

 
Hurricane Ida 2021 
 

 
Our real time model guidance results are highlighted in the red rectangle in this photo of the 
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Coastal Protection and Restoration Authority (CPRA) and the U.S. Army Corps of Engineers using LSU’s 
storm surge prediction visualization tool, CERA, to brief Louisiana Governor John Bel Edwards (at head of 
table on left) ahead of Hurricane Ida making landfall near Port Fourchon on August 29, 2021. Mark Wingate, 
U.S. Army Corps of Engineers deputy district engineer for project management in New Orleans (in purple shirt 
on right), addressed the Hurricane Ida war room, while CPRA Executive Director Bren Haase pulled up the 
CERA website on his laptop (closest to camera). 
 
Additional details from our partners at LSU can be found in the updates section of the 
article entitled “LSU Partnerships Improve Hurricane Storm Surge Forecasts for Louisiana, 
Nation.” 
 
CERA (information courtesy of Carola Kaiser):  CERA received 47 new login requests, including 
 

• 2 requests from the Deputy Director and the Section Chief from GOHSEP (LA), LA Sea Grant (LA), St 
Tammany Parish (LA), CPRA (LA), the Dauphin Island Fire Rescue (AL), Safety Management Systems 
(LA), Ochsner Health (LA) 

• Phillips66 Energy (LA) 
• Other high profile login requests came from 

◦ USACE New Orleans (LA), Vicksburg (MS) and Washington (DC) 
◦ USGS (LA), the US Air Force GeoBase (TX), the Naval Oceanographic Office (MS), NASA’s Jet 

Propulsion Laboratory (CA), the US Navy (MS), FEMA (DC), the United States Postal Service (TN) 
• The Office of the Assistant Secretary for Health (MD), the Central Savannah River Area Regional 

Commission (GA), the Storm Science Network Inc (TX), the United States 
• Infrastructure Corporation (TX), and others. 

 
During Hurricane Ida, the CERA website got more than 20,000 public page views and 9,000 
page views from pro users with a login. 
 
The University of North Carolina at Wilmington (UNCW) teaches a Hurricanes and Coastal 
Impacts course this fall, which will use CERA as part of the course requirements. This is the 
second University in addition to Northeastern University that uses CERA for teaching. 
Students are encouraged to apply for logins. 
 
HPC: We had strong interaction and collaboration with LSU HPC and TACC, with support in the form of 

priority access granted in both HPC centers, as well as an eventual additional 
reservation on Stampede2 and Frontera. TACC and LSU HPC shared the load and this 
collaboration resulted in greater reliability and throughput over the course of Ida. 
 
Process:  

• Ida was a fast developing storm with a short fuse between first advisory and major impacts, and we 
provided results starting at advisory 1 

• High performance HPC throughput with excellent communication and cooperation 
with HPC partners (LSU and TACC) 

• Provision of daily briefings with information deemed by clients to be extremely 
helpful 

• Frequent client service requests, and quick turnaround to fulfill those requests 

https://www.lsu.edu/research/news/2020/1202-stormsurgeforecasting.php
https://www.lsu.edu/research/news/2020/1202-stormsurgeforecasting.php
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• Fast results and productive interaction between research, development, and operations 
• Dynamic and effective adjustment to operational challenges and feedback on 
• numerical results 
• High profile uptake and usage by decision makers at the highest levels 

 
 

 
Conclusion: Hurricane Ida of 2021 was a Category 4 hurricane and a $75 billion disaster (the fifth most 

expensive tropical cyclone on record). The support time invested by Seahorse and supported in part by the 
CRC for communicating, coordinating the modeling, and working with the CERA team and local 
stakeholders throughout the year paid off during Ida. Although the storm caused devastating damage in 
southern Louisiana, State and Federal officials at all levels were able to rely heavily on model guidance 
produced in this cooperative multi-institutional endeavor to make life and property decisions before, during, 
and after Ida. 
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QA/QC 
 
We have made significant progress over the course of Year 7 toward our goal of producing real time statistics 
for how each of our ASGS instances is performing so that we can characterize the accuracy of the results we 
produce. This work is being performed by our Principal Consultant for empirical studies and model evaluation 
(and company owner), Janelle Fleming. Janelle earned her PhD in Physical Oceanography from UNC Chapel 
Hill and has published several papers analysing and characterizing coastal water level data, including analysis of 
overwash of barrier islands. She has developed an analysis toolkit for model results (using the open source 
statistics package R) to facilitate automated comparison with measured data including water level and wind 
velocity. Examples of these statistical quantifications of accuracy developed during Year 7 are shown below.  

 

Figure 11. Time series comparison of Waterlevel for 2 different meshes. 
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Figure 12. Correlation statistics for water level between gauge and model data. 

 

Figure 13. Time series of wind direction for 2 different meshes. 
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Figure 14. Time Series of Wind Speed for 2 different meshes. 

 

Figure 15. Correlation statistics for Wind speed and direction for the LA mesh 
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Figure 16. Correlation statistics for wind speed and direction for the HSOFS mesh 
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Figure 17. Basic correlation and error statistics at mesh locations 

 

6. Unanticipated Problems:  

Numerical Results during Hurricane Ida: The figure below shows the inaccurate levee height (in purple) of the 
mesh updated for the year 2021, compared to the more accurate levee heights in the 2020 mesh (shown in 
wireframe).  
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These issues resulted in Lafourche parish being erroneously displayed as flooded: 
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Mesh corrections were applied in real time during hurricane Ida, but not all required data and appropriate 
workflow were available, so we used the previous version of the Louisiana mesh (successfully) for the 
remainder of the storm. 

7. Student Involvement and Awards:  

Our project supported one graduate student (Corey 
Halbert, left) in the Master’s of Environmental 
Management (MEM) program at Duke University 
and one intern (Marcos Botto Tornielli, right) who 
recently graduated from the University of Texas at 
Austin and will be starting graduate school at MIT 
in the fall of 2022. Both Corey and Marcos were 
partially supported by CRC funding. 

Corey learned about us through a previous Duke 
University graduate student and Seahorse Consulting Intern, Sarah Lipuma (now at FEMA Region 2 in New 
York City).  

Marcos was introduced to us through another CRC PI, Clint Dawson, whom Marcos worked with at UT.  

Both Corey and Marcos both had significant autonomy to explore our work and projects in the course of 
their employment in Year 7 and to find ways to contribute.  

Corey’s job title at Seahorse is GIS/Outreach Specialist. His interests are in the use of mapping as a creative 
and effective form of communication with public officials and the public at large. His goals are to raise 
awareness of coastal hazards and their interaction with social vulnerability. He is dual enrolled in the special 
Coastal Resilience series of courses at UNC that were created by the CRC and plans to earn the associated 
Coastal Resilience certification  when he graduates from Duke. He has registered for the UNC course “655 
Planning for Natural Hazards and Climate Risk”. The majority of Corey’s activity in Year 7 has been 
learning our workflow and data structure and applying it to the design of progressive inundation maps as 
messages to be communicated near the time of landfall. He has been using Lafourche Parish during 
Hurricane Ida (al092021) as his case study (please see below for an example).   
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Above: Progressive inundation mapping and messaging for tropical cyclone landfall developed by Corey 
Halbert with our data from Hurricane Ida (al092021).  

 

Marco’s job title at Seahorse is Scientific Visualization Developer, and his interest in scientific visualization 
for ADCIRC was a direct extension of the work he did with CRC PI Clint Dawson at UT Austin. For 
context, Clint participated in our (Seahorse’s) live briefings during the historic 2020 hurricane season and 
appreciated the visualizations we were using in our briefings.  We have developed a significant open source 
capability for model visualization in 3D over the years, with support from multiple Federal agencies 
including DHS and the US Army Corps of Engineers. Clint requested a short tutorial for himself and Marcos 
in order to improve their own capabilities, build capacity, and eventually contribute back further extensions 
and improvements. The Seahorse internship partially supported by CRC has allowed Marcos to create 
significant improvements, with a focus on combining 2D GIS mapping alongside 3D model output 
visualization to provide a complete picture and enhanced clarity for decision makers (please see below).  

 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify that the link points to the correct file and location.
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Above: Synchronized map view and 3D rendering of mesh data side-by-side, as developed by our intern 
Marcos Botto Tornielli during Year 7. Interactive views such as these are valuable for model development 
and QA/QC as well as live briefings during emergency situations.  

 
8. Theses and Dissertations: 

Not Applicable. 
 

9. Involvement in DHS Summer Research Teams for Minority Institutions Program 
Not applicable. 
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III. RESEARCH ACTIVITIES AND MILESTONES 
 

Status as of 6/30/2022 

Transition Activity  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

Real Time Operations during Hurricane Season 

• Operating and maintaining all systems in a ready 
state 

• Supporting clients during active events 

30 June 
2022 

50% Ongoing activities 
supported by carryover. 

Marketing and Sales 

• Social media content development and deployment 

• Salesforce integration with stormsurge.live 
website 

30 June 
2022 

20% Operational readiness 
had to be prioritized. 

Continued Integration of Wind Blending and Data 
Assimilation Workflows into ASGS 

• Wind Blending improves water level results 
because it includes far field winds 

• Data assimilation improves water level results by 
incorporating measured water level data 

30 June 
2022 

50% Wind blending 
improvements were 
completed but the data 
assimilation framework 
was not made available 
for integration.  

Continued Development and Validation of Minimum 
Viable Product 

• Continued development of real time validation 
workflows with measured data to characterize 
model data quality for clients 

• Sales automation and billing system 

30 June 
202 

50% Operational readiness 
had to be prioritized. 

Evaluate Blockchain for commercialization of results 30 June 
2022 

100%  

• Non-Fungible Tokens (NFTs) are becoming 
mainstream Ethereum Blockchain technology for 
e-ecommerce of digital assets 

• OpenSea is a marketplace that supports bundling 
of digital assets (like storm surge model guidance 
data sets) for trading via the Ethereum Blockchain 

30 June 
2022 

100%  

Organize/host real time modeling conference 

• Provide outreach and training via ADCIRC Boot 
Camp 

• Collect sales leads and develop professional 

30 June 
2022 

10% Time constraints and 
ongoing COVID-19 
breakouts.  
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networking 

Transition Milestone    

Consistent, reliable, effective operations for 2021 
hurricane season 

30 
November 
2021 

100%  

Salesforce integration with new website 30 June 
2022 

20% Operational readiness 
had to be prioritized. 

Full integration of wind blending and data assimilation 
capabilities into ASGS (contingent on cooperation and 
code availability with partners) 

30 June 
2022 

50% Data assimilation 
framework was not made 
available for integration. 

Release updated product/service package based on 
feedback from voice-of-customer 

30 June 
2022 

50% Operational readiness 
had to be prioritized. 

Prototype digital products deployment on Ethereum 
Blockchain marketplace OpenSea 

30 June 
2022 

100%  

Organize and run stormsurge.live real time coastal 
modelling conference/trade show including ADCIRC Boot 
Camp 

30 June 
2022 

10% Time constraints and 
ongoing COVID-19 
breakouts. 

 

IV. RESEARCH PRODUCTS AND DELIVERY   
 

 
Product Title Product Type 

(select from 
list above) 

Brief Product 
Description 
(include Function / 
Purpose) 

Date 
Delivered 

(or 
projected 

date of 
delivery) 

 

Transition Method / 
Activity 

Automated Solution 
Generation System 
(ASGS) 

Software System designed for 
multi-institutional 
generation of real time 
model guidance 

Continuous 
delivery 
throughout 
the project 
year 

Briefings and training 
sessions for our partners, 
posting of software and 
updates to our GitHub 
repository for broad 
dissemination. 

Replay Server Software Producing 
meteorological data 
for tabletop exercises,  
coordinated drills and 
software testing 

Continuous 
delivery 
throughout 
the project 
year 

Posting of software and 
updates to our GitHub 
repository for broad 
dissemination. Training 
sessions are planned to  
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collect information on 
commercial transition. 

ugrid-visualization Software Synchronized 2D map 
and 3D model 
visualization for model 
development, testing, 
and briefing clients in 
emergency situations 

30 June 
2022 

Posting of software and 
updates to our GitHub 
repository for broad 
dissemination. We also 
anticipate commercial 
software sales. 

Real Time Model 
Guidance 

Data Coastal model results 
produced in real time 
for clients and 
stakeholders, notably 
during Hurricane Ida 
and Hurricane Henri. 

Continuous 
delivery 
throughout 
the project 
year 

Wide dissemination via a 
variety channels, most 
notably via a partnership 
with the CERA team at LSU. 

     

 

V. PUBLICATIONS  
 

Peer reviewed publication: M.V. Bilskie, T.G. Asher, P.W. Miller, J.G. Fleming, S.C. Hagen, R.A. Luettich, 
(2022) “Real-Time Simulated Storm Surge Predictions during Hurricane Michael (2018),” Weather & 
Forecasting 37, 7; 10.1175/WAF-D-21-0132.1 

DOI: 10.1175/WAF-D-21-0132.1 

Presentations (invited): Numerous stakeholder briefings throughout the duration of the 2021 hurricane 
season. 
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VI. PERFORMANCE METRICS 
 

Metric 
Number Description (where 

indicated) 

Internships hosted  2  

Undergraduate students who received tuition / fee 
support / stipend  

0  

Graduate students who received tuition / fee 
support / stipend   

1  

Undergraduates who received HS-related degrees 
 

0  

Graduate students who received HS-related 
  

0  

Graduates who obtained HS-related employment 
 

1  

Journal articles submitted  1  

Journal articles published  1  

Conference presentations  0  

Other presentations, interviews, webinars 0  

Patent applications filed  0  

Patents awarded  0  

Trademarks/copyrights filed  0  

Requests for assistance/advice from DHS agencies  0 Brief description 

Requests for assistance/advice from other federal 
agencies or levels of government 

Many We responded to many 
requests for guidance 
during the 2021 hurricane 
season 

Total dollar amount of external funding Protected 
business 

information 

Public and Privat sector 
organizations 

Total number of milestones for reporting period  6  

Accomplished fully  2  

Accomplished partially  4  

Not accomplished  0  

 

 

  



 
137 

DIETRICH / NCSU 
DAWSON / UT-A 

 
DHS COASTAL RESILIENCE CENTER 

RESEARCH PROJECT 
YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

 
Project Title: 
 
Improving the Efficiency of Flooding Predictions and Wave Prediction 
 
Principal Investigator Name/Institution:  
 
Joel ‘Casey’ Dietrich, Associate Professor, North Carolina State University 
 
Additional Research Participants/Partners: 
 
Clint Dawson, Professor, The University of Texas at Austin 
 
Short Project Description: 
 
Coastal communities rely on predictions of flooding caused by storms, but these predictions can take hours on 
even the fastest supercomputers. In our ongoing project, we have improved the efficiency of a widely used, 
predictive model for coastal flooding. In Year 7, we continued to refine and transfer technologies to end users. 
 

II. PROJECT NARRATIVE 
 

1. Project Overview: 
 
The goal of this research project is to speed up the ADvanced CIRCulation (ADCIRC) modeling system, which 
is used extensively by DHS and its constituent agencies for the prediction of storm-induced flooding. We are 
improving the efficiency of the modeling system, and thus reducing its computational cost.  This work is relevant 
to the DHS mission to ensure resilience to disasters, as articulated in its Strategic Plan and Quadrennial Review, 
specifically its Goals 5.1 (Objectives 5.1.1 and 5.1.2) to reduce vulnerability and mitigate risks associated with 
natural hazards, and its Goal 5.3 (Objective 5.3.1) to provide timely and accurate information during a storm 
event.  The efficiency improvements in this project will allow for more model simulations in ensemble-based 
design applications, which will increase the accuracy of flood risk products used in building design and the 
establishment of flood insurance rates, and thus lessen the impact of a disaster.  The efficiency improvements in 
this project will also allow for faster simulations in time-sensitive applications such as operational forecasting, 
and thus improve the communication and understanding of potential hazards. 
 
 This project will benefit DHS and the Homeland Security Enterprise in two ways: a more-efficient 
ADCIRC model will allow for more model runs in ensemble-based design application, and for faster simulations 
in time-sensitive applications such as operational forecasting.  In its development of Flood Insurance Rate Maps 
(FIRMs), FEMA will benefit because the probabilistic framework requires a large number of simulations, which 

https://www.dhs.gov/sites/default/files/publications/FY14-18%20Strategic%20Plan.PDF
https://www.dhs.gov/sites/default/files/publications/qhsr/2014-QHSR.pdf
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will now require fewer computational resources, and thus the studies can be completed in a shorter time and/or 
consider a larger suite of storms.  We are working with FEMA engineers, with whom we are sharing research 
progress and receiving feedback on future directions.  In their use of flood predictions provided in real-time by 
the ADCIRC community, state-level emergency managers will benefit because by now having more time to 
consider the forecast guidance in their decision-making.  We are working with partners at the Texas State 
Operations Center and NC Emergency Management.  We also have partners in the USACE, NOAA, and 
academia, as described below. 
 
2. Results: 
 
During Year 7, we focused on the transition of several key technologies: Adcirpolate, which enables the switching 
of meshes during a single simulation; SABv2 mesh, which describes the floodplains from Florida through North 
Carolina and is targeted for real-time forecasting;  Kalpana, which downscales the flooding predictions to higher-
resolution data sets; and a new wave model, which is much faster than third-generation wave models like SWAN 
and WW3. We discuss our transition activities for each of these technologies: 
 
 Adcirpolate: This code enables the ‘switching’ of ADCIRC simulations between meshes, without the need 
to restart from scratch.  ADCIRC uses an unstructured mesh to represent the coastal environment at varying 
resolutions, typically down to 10-20 m.  The highest-resolution meshes are tied to specific regions (typically a 
single state coastline) and can be expensive to use for computations, and thus they are used in forecasting only 
when a storm is expected to impact that region.  Previously, when a forecaster wanted to use a high-resolution, 
state-specific mesh, s/he had to spin up the computations from scratch, which is wasteful as a storm is approaching.  
Now with Adcirpolate, the forecaster can take the results from the last advisory on any mesh, ‘switch’ them onto 
a higher-resolution mesh, and then continue with the next advisory.  This will save time and enable flexibility for 
real-time forecasting. 
  
 One transition activity was to disseminate the technology to the academic community, via publications as 
articles in Ocean Modelling (Thomas et al. 2021) and the Journal of Waterway, Port, Coastal and Ocean 
Engineering (Thomas et al. 2022). We also continued to understand and provide guidance on how to use the 
technology, via an MS thesis (Poisson 2021). Via predictions of Florence (2018) with a multi-resolution approach, 
simulations were switched between two meshes of varying coverage and resolution based on the earliest storm 
impacts using wind speeds, and water levels at both the coast and inland locations. A suite of triggers was 
developed for wind speeds at varying levels of magnitude, and for water level exceedance above tidal maximum 
and non-tidal residual values at coastal and inland locations. It was found that: (1) The overwhelming majority of 
mixed-mesh simulations had faster computational times compared to a single fine-mesh simulation, with minimal 
losses in accuracy. By using Adcirpolate, efficiency was increased by an average of 37 percent across all mixed 
simulations. (2) Accuracy losses were minimal, even with triggers switching from the coarse/source to fine/target 
mesh late in the simulation. Accuracy was maintained, with an average RMSE of 0.11 m, Bias of 0.02, and R2 of 
0.99 as compared to a full, high-resolution simulation. (3) Triggers that switched well before landfall time showed 
better error metrics than those that switched closer to landfall time. Individual triggers for inland water levels 
exceeding tidal maximums by 10 to 30 percent and a non-tidal residual of greater than 0.30 m above or below 
zero resulted in the highest levels of accuracy. Thus these are viable triggers that need to be included when 
deciding when to switch between meshes during a real-time forecasting scenario. (4) The timing of the switch 
between meshes should be informed by their floodplain coverages. It is not essential for both the coarse and fine 
meshes to contain the coastal floodplains. However, if the coarse mesh does not provide coverage in this region, 
then switching should occur earlier in the storm simulation, to maintain the highest accuracy. 
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Figure 18: Sensitivity of ADCIRC predictions to switching time with Adcirpolate. Time series of water levels (m) 
during Hurricane Florence (2018) at a station along the North Carolina coast. Results are shown for: (orange) 
observations; (blue) predictions from an ADCIRC simulation on a high-resolution, ‘fine’ mesh; and 
(green,red,purple) predictions from ADCIRC simulations after switching onto the fine mesh.  Regardless of how 
early the mesh is switched, the simulations collapse to the same value for the maximum water levels at the peak 
of the storm. 

 Another transition activity was to implement the Adcirpolate technology into the workflow of the 
ADCIRC Surge Guidance System (ASGS) for use in real-time forecasting. Working closely with transition 
partner Jason Fleming, we provided documentation, examples, and support in biweekly conference calls. Fleming 
and his ASGS collaborators integrated the technology into the ASGS workflow.  However, they identified a bug 
that affected the interpolation of ADCIRC results during a test of a storm in the Gulf of Mexico.  We are working 
to address and fix this bug. 
 
 SABv2 mesh: As a target mesh for the Adcirpolate technology, we are developing a new mesh to describe 
the floodplains of the South Atlantic Bight, which is the offshore waters and coast from Florida through North 
Carolina. For the SAB, a mesh developed in previous project years by combining the state-specific component 
meshes from FEMA flood risk mapping studies, but that combined mesh was too costly for forecast applications.  
It had more than 6 million vertices and required substantial resources in a high-performance computing 
environment. During Year 7, we developed an SABv2 mesh, which has a minimum element side length of about 
100 m, and thus can describe the coastal environment with relatively high accuracy. This mesh has about 2.9 
million vertices, and thus it is feasible for forecast applications. 
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Figure 19: Details of bathymetry and topography (m relative to NAVD88) for the SABv2 mesh describing the 
floodplains of the South Atlantic Bight. This mesh has a minimum element side length of about 100 m. Successive 
zooms show details in coastal North Carolina and the Neuse River estuary. 

 We continue to test simulations on this new SABv2 mesh, by running historical and synthetic hurricanes 
to examine stability. We will work to transition this mesh to operations by working closely with Jason Fleming 
during Year 8. 
 
 Kalpana: When the flooding forecast guidance is shared with stakeholders, it is shared typically in an 
online mapping system (CERA) or via GIS shapefiles. However, these products are still limited by the mesh 
resolution used by ADCIRC. This mesh resolution may vary downward to 10-20 m in specific small-scale 
channels, but more typically the mesh resolution is 100-500 m throughout the coastal zone. This resolution can 
prevent the representation by ADCIRC of smaller-scale infrastructure, including roadways and buildings, which 
are critical for decision-makers. We have developed the Kalpana technology to downscale ADCIRC guidance to 
a finer resolution in a DEM, and then extrapolate the water levels to where they should intersect with the 
topography. During Year 5, this technology was posted in an open-source GitHub repository and documented 
with examples on PI Dietrich’s web site at NCSU. 
  
During Year 7, we continued to improve Kalpana by upgrading it and its library dependencies to be compatible 
with Python 3, validating its use near levees and other small hydraulic barriers, and parallelizing it.  We got a late 
start on this work due to staffing problems (described below), but we have been successful in revising Kalpana 
to be compatible with Python 3 and to parallelize it.  We have also added compatibility for Linux and Windows, 
and we modularized it for easier updates  The script now runs much faster and is more user-friendly. During Year 
8, we will continue to test and harden these code improvements, and then work to transition and ensure 
compatibility with HAZUS. 
 
 New wave model: Currently, SWAN is the most commonly used wave model within the ADCIRC 
community. SWAN is a 3rd generation wave model and contributes to an increased computational cost when 
coupled tightly to ADCIRC. Hence, we motivate the development of a newer faster model to reduce the 
computational cost and the implementation of new improved physics. Current 3rd generation wave models require 
computation of a wind wave spectrum at each computational vertex (in geographical space) regardless of water 
depth. These spectra are Cartesian grids with dimensions of 24 directions and 25 frequencies (24x25), or higher. 
This means at each computational vertex, 600+ parameters must be computed at each time step. However, recent 
research in wave physics has pointed to self-similarity in the geometry of wind-wave spectra in deep water. This 
implies that there exists a parametric representation for the self-similar form which can drastically reduce the 
number of parameters required to compute in deep water. Thus, computations can be reduced by using a 
parametric wave in water depths greater than 15m, i.e. in “deep” water.  This resulting parametric wave model 
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requires novel source terms in the action balance equation that can handle rapidly turning winds typical of 
hurricanes. We are undertaking a validation process of this new parametric model.  
  
Unfortunately, the self-similarity concept breaks down in shallow water environments as the wave field greatly 
depends on the bathymetry. Hence, the shallow water environments require a 3rd generation wave model whose 
boundary with deep water will be defined by the parametric model. Preliminary investigations were started in 
Year 7 to assess the viability in terms of speedup of such a set up. The shallow water wave model that was selected 
was the Steady State Spectral WAVE (STWAVE) model. Like STWAVE, the new wave model requires multiple 
structured grids covering only shallow water depth regions of the computational domain. We therefore investigate 
a coupled ADCIRC+STWAVE model by comparison to ADCIRC+SWAN since SWAN is an example of a 3rd 
generation wave model that solves for the full wave spectrum on every vertex.   
  
To demonstrate the efficiency of a parametric wave model, we consider a hurricane test case. Hurricane Gustav 
(2008) was run both with ADCIRC+SWAN and ADCIRC+STWAVE using the Lonestar6 supercomputer at the 
Texas Advanced Computing Center (TACC). The ADCIRC model configurations were identical with the coupled 
wave model being the only difference. The STWAVE model was comprised of 4 grids along the Gulf Coast: the 
first grid had 281x302 cells in geographic space with a spectral resolution of 28x35 cells, the second grid had 
142x176 cells in geographic space with a spectral resolution of 30x72, the third grid had 412x419 cells in 
geographic space with 28x35 in spectral space, and the fourth grid had a geographic resolution of 341x372 cells 
with a 28x35 spectral grid. The SWAN case was set up with a 36x40 spectral grid at each ADCIRC node. The 
SWAN model was run at every 600 seconds while the STWAVE model was run every 7200 seconds. The lower 
frequency for STWAVE was due to the limited number of input spectra at the boundary. The total number of 
unknowns in the two setups were 4.004 ∗ 1010  in the STWAVE and 7.496 ∗ 109 in the SWAN. Despite the 
larger number of unknown parameters in the STWAVE case, the ADCIRC+STWAVE finished in about 65 
percent of the time of ADCIRC+SWAN as shown in Table 1. This shows that there is a run time advantage to 
using the multiple small coastal grids of STWAVE opposed to the single unstructured grid of SWAN. Due to the 
ongoing development and validation of the deep water model, accuracy comparisons remain unavailable at this 
time. 
 
 
Table 5: Comparison between ADCIRC+STWAVE and ADCIRC+SWAN 
Models ADCIRC+SWAN ADCIRC+STWAVE 
# Processes 45 49 
ADCIRC mesh partitions 44 44 
ADCIRC time step (s) 1 1 
Wave model time step (s) 600 7200 
Total simulation run time 11.5 days 11.5 days 
Total (spectral) unknowns 7.496 ∗ 109 4.004 ∗ 1010 
Wall clock time 40 min 28 sec 25 min 53 sec 

   
3. End users: 
 
The project technologies (described above) were developed with guidance from a set of partners: Tucker 
Mahoney, Christina Lindemer, and Rafael Canizares at FEMA; Gordon Wells and Teresa Howard at the 
Texas State Operations Center; Ty Wamsley and Mary Cialone at the USACE ERDC; Andre van der 
Westhuysen at the NOAA NCEP; Derek Giardino at the NOAA WGRFC; and Tom Langan at NCEM.  Most 
of these partners do not run ADCIRC in their day-to-day work, but they do rely on its predictions for their 
decision-making.  They have been supportive of the technology development. 
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During Year 7, we continued to support their activities by sharing real-time flood guidance.  This was 

especially true for our local (Wells in Texas, Langan in NC) and FEMA partners, with whom we continued to 
share the downscaled guidance. 

 
However, the Year 7 activities were focused on transition of the project technologies to the operational 

workflow of the ASGS.  We worked closely with Jason Fleming, who is a key member of the ASGS team.  He 
operates the forecasting systems for regions along the U.S. Gulf and Atlantic coasts.  The project personnel 
worked with him to ensure that the new modeling technologies were incorporated within the forecasting system 
and the release version of ADCIRC.  Fleming is a CRC PI. 
 
4. Transition: 
 
During Year 7, all of our project activities were focused on transition.  We transitioned the project technologies 
to the academic community via publications for Adcirpolate (Thomas et al. 2021, Thomas et al. 2022), and 
Kalpana (Rucker et al. 2021). For each of these technologies, an open-source repository was either created or 
expanded, depending on progress in previous years, so that now the technologies are available with extensive 
documentation and examples. We tested the transition of the Adcirpolate and Kalpana technologies in the ASGS 
workflow for use during real-time forecasting, via collaboration with CRC PI Jason Fleming. This testing has 
identified problems that motivated the research activities during Year 7. 
 
5. Project Impact: 
 
This project has developed technologies to improve the efficiencies of the ADCIRC modeling system in parallel 
computing environments.  It has developed automated routines for an adaptive, multi-resolution approach to 
switch between unstructured meshes for storm surge applications, for the efficient re-balancing of the 
computational workload via parallelized domain decomposition, and for the downscaling of flooding predictions 
onto higher-resolution data sets. 
  
The initial motivation for adaptive mesh refinement was to speed up the forecast capabilities of ADCIRC and 
improve the ASGS.  We have worked with Jason Fleming and other ASGS developers to incorporate Adcirpolate 
into the ASGS as a beta version.  The adaptive capability has also motivated future ADCIRC-related projects 
within the CRC.  We have developed capability to interpolate results onto ADCIRC models of Texas, the Northern 
Gulf, the Carolinas, and the Northeast/New England.  In addition, there are extensions of this work beyond 
hurricane forecasting. We have sped up post-storm analysis and scenario analysis by allowing for the use of high-
resolution meshes targeted to specific regions and specific locations, but also allowing for pre-storm tidal spin-up 
and storm initiation to be executed on a coarser mesh. 
 
6. Unanticipated Problems: 
 
During Year 7, one problem was the continued effects of COVID-19, especially the limitations on travel. For our 
research and transition activities, we were able to work around these travel limitations by using videoconferencing 
tools (Zoom) to collaborate within and across our research teams and collaborators. However, some of our 
collaborations were slowed by the lack of opportunities for in-person collaborations.  This was especially true for 
our interactions with the education projects – we were not able to visit to MSIs or host students from MSIs during 
this year. 
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The only unanticipated problem was related to staffing. PI Dietrich recruited a new MS student to start in Jul 
2021, to work on Kalpana improvements and transition. However, this student did not have an undergraduate 
engineering degree, and so this student was required to take additional courses at the undergraduate level. This 
additional courseload was too much of a burden for the student, who dropped out of the project by Sep 2021. PI 
Dietrich was able to recruit a new MS student to start in Jan 2022, but this delay in staffing was a setback of about 
6 months on that aspect of our project. 
 
7. Student Involvement and Awards: 
 
Number of Students: 
 
During Year 7, at NC State, this project supported: 

• Graduate student Autumn Poisson, who worked to investigate the optimal triggers for switching meshes 
with the Adcirpolate technology. 

• Graduate student Jenero Knowles, who worked with a senior PhD student (supported by another project) 
on the development of unstructured, finite-element meshes for the U.S. Gulf and Atlantic coasts. 

• Graduate student Tomás Cuevas López, who worked to revise the Kalpana visualization script to 
modularize and parallelize it, add documentation, and test its capabilities near levees and other raised 
features. 

• Undergraduate student Carter Howe, assisted Jenero with mesh editing. 
• Undergraduate student Carter Day, who assisted with re-calibrating the newest release version of SWAN 

to provide guidance to the ADCIRC community, as well as testing of the Adcirpolate technology for 
switching meshes during a simulation. 

• Undergraduate student Sydney Crisanti, who assisted with benchmarking the ADCIRC code on high-
performance computing systems at NCSU and UT-Austin. 

 
And at UT-Austin, this project supported: 

• Graduate student Mark Loveland, who worked with Dr. Don Resio on the implementation of the new 
wave model. 

• Graduate student Namo Wichitrnithed, who worked on the coupling of discontinuous Galerkin with the 
continuous Galerkin methods in ADCIRC, in anticipation of the mass conservative coupling work to be 
carried out in Year 8.   

  
Role of Students: 
 
Students led contributions to our research during Year 7, with specific activities described above  
 
Degrees attained: 
 

• Autumn Poisson, MS, Civil Engineering, North Carolina State University, 2021 
• Carter Howe, BS, Civil Engineering, North Carolina State University, 2022 

 
Student Awards: 
 

• Ajimon Thomas (former graduate student) received an “Editor’s Choice” award for his manuscript 
published in the Journal of Waterway, Port, Coastal and Ocean Engineering 

 
Jobs secured / Higher education pursued: 
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During Year 7, two students pursued opportunities after graduation. Autumn Poisson took a position as a research 
scientist at the USGS St Petersburg, and then she moved on to the Alaska Division of Geological and Geophysical 
Surveys. Carter Howe will start his MS studies at Oregon State University in Aug 2022. 

 
8. Theses and Dissertations: 
 

• AC Poisson (2021). “Identifying the Earliest Signs of Storm Impacts to Improve Hurricane Flooding 
Forecasts,” North Carolina State University, Department of Civil, Construction, and Environmental 
Engineering, JC Dietrich (chair) 
 

9. Involvement in DHS Summer Research Teams for Minority Institutions Program 
 
During previous years, we have participated in the SUMREX and RETALK activities, via interactions with 
education partners at Jackson State University and Johnson C. Smith University.  However, we were not able to 
connect with them during Year 7, due to COVID-19. 
 

III. RESEARCH ACTIVITIES AND MILESTONES 
 

Status as of 6/30/2022 

Research Activity  Completion Date % Complete 
Explanation of why 
activity/milestone was 
not 100% completed 

Improvements to and integration of Kalpana with 
HAZUS. Upgrade Kalpana and its libraries to 
Python 3, validate its use near levees and other 
small hydraulic barriers, explore the potential 
benefits of parallelization, and ensure compatibility 
with HAZUS. 05/2022 75 

We experienced staffing 
problems, as a new MS 
student joined NC State 
in Jul 2021 and left in 
Sep 2021. We brought on 
a new MS student in Jan 
2022, and he is making 
good progress, but we are 
behind by about 6 
months. 

Integrate the new wave model into forecast 
workflow. Continue to gain familiarity with this 
wave model, couple it with ADCIRC, and start to 
transition it to forecasts. 

05/2022 75 

We worked with Don 
Resio on the 
development of the new 
wave model.  Dr. Resio 
finished a deep-wave 
version of the code, but 
the nearshore component 
has not been completed 
yet.  Dr. Resio has 
experienced some health 
issues recently which 
have delayed this work.  

Improvements for Adcirpolate workflow. Develop 
or revise meshes for the South Atlantic Bight and 
Texas, include wave model(s) in Adcirpolate 
workflow. 06/2022 75 

It took longer than 
expected to train students 
on how to use the 
OceanMesh2D software 
to develop meshes. We 
continue to debug the 
Adcirpolate software. 
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Update ADCIRC with mass-conserving continuity 
equation. Further test and refine the Water Coupler 
software to couple mass conserving continuity 
equation formulations with the continuous Galerkin 
momentum formulation in ADCIRC. 

05/2022 75 

The water coupler 
software is now working 
and has been 
demonstrated for several 
test cases.   

Research Milestone    
Improvements to and integration of Kalpana with 
HAZUS. Publish updates in open-source repository, 
document with examples in public web site, work 
with Jason Fleming to integrate new version into 
the APS. 05/2022 50 

We experienced staffing 
problems, as a new MS 
student joined NC State 
in Jul 2021 and left in 
Sep 2021. We brought on 
a new MS student in Jan 
2022, and he is making 
good progress, but we are 
behind by about 6 
months. 

Integrate the new wave model into forecast 
workflow. New wave model incorporated into the 
NUOPC framework, tested on computing platforms 
at the Texas Advanced Computing Center, and 
documentation completed. Comparison to existing 
wave models SWAN and WW3 for large hurricane 
test cases. 

05/2022 50 

It has taken longer than 
expected to get a working 
version of NUOPC on 
TACC computers.  With 
the help of U. of Notre 
Dame and NOAA we 
were able to get a test 
case working but are still 
having problems with 
other test cases.   

Improvements for Adcirpolate workflow. New mesh 
for SAB, updated mesh for Texas. Work with Jason 
Fleming to integrate wave model switching / hot-
starting into APS. 06/2022 25 

It took longer than 
expected to train students 
on how to use the 
OceanMesh2D software 
to develop meshes. We 
continue to debug the 
Adcirpolate software. 

Update ADCIRC with mass-conserving continuity 
equation. Testing of mass-conserving momentum 
equation solver with standard GWCE on rainfall 
induced flood test cases. Work with Jason Fleming 
to integrate into the ASGS. 

06/2022 25 

Preliminary coding is in 
progress and will 
continue over the next 
year.   

 
 
 
 
 
 

IV. RESEARCH PRODUCTS AND DELIVERY   
 

Product Title Product Type 
Brief Product 

Description / Function / 
Purpose 

(Projected) 
Date 

Delivered 
Transition Method / Activity 

Adcirpolate Software 
Switching meshes 
during a simulation to 
improve efficiency 

12/2022 Jason Fleming 

Kalpana Software 
Downscaling of 
flooding predictions to 
improve accuracy 

06/2023 HAZUS 
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V. PUBLICATIONS  
 
A Thomas, JC Dietrich, CN Dawson, RA Luettich (2022). “Effects of Model Resolution and Coverage on Storm-
Driven Coastal Flooding Predictions.” Journal of Waterway, Port, Coastal, and Ocean Engineering, 148(1), 
04021046, DOI: 10.1061/(ASCE)WW.1943-5460.0000687. 
 
CC Day, JC Dietrich (2022). “Improved Wave Predictions with ST6 Physics and ADCIRC+SWAN.” Shore and 
Beach, 90(1), 59-61, DOI: 10.34237/1009016. 
 
S Crisanti, JC Dietrich. “Scalability of Widely Used Coastal Flooding Model.” Undergraduate Research 
Symposium, North Carolina State University, 29 July 2021. 
 
CC Day, JC Dietrich “Evaluating a New Formulation of Hurricane Wave Behavior to Improve Model 
Predictions.” Undergraduate Research Symposium, North Carolina State University, 29 July 2021. 
 
M. Loveland, E. Valseth, M. Lukac and C. Dawson, “Extending FEniCS to work in Higher Dimensions Using 
Tensor Product Finite Elements,” in revision, DOI:  10.48550/arXIV.2022.00762 
 

VI. PERFORMANCE METRICS 
 

Metric Number Description 

Internships hosted  0  

Undergraduate students who received tuition / fee support / 
stipend  3  

Graduate students who received tuition / fee support / stipend   2  

Undergraduates who received HS-related degrees (number) 1  

Graduate students who received HS-related degrees (number) 0  

Graduates who obtained HS-related employment (number) 1  

Journal articles submitted  2  

Journal articles published  2  

Conference presentations  2  

Other presentations, interviews, webinars 0  

Patent applications filed  0  

Patents awarded  0  

Trademarks/copyrights filed  0  

Requests for assistance/advice from DHS agencies  0 N/A 

Requests for assistance/advice from other federal agencies or 
levels of government 0 N/A 
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Total dollar amount of external funding $0 N/A 

Total number of milestones for reporting period  4  

Accomplished fully  0  

Accomplished partially  4  

Not accomplished  0  
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RICK LUETTICH, UNC-CH 

DHS COASTAL RESILIENCE CENTER 
RESEARCH PROJECT 

YEAR 7 ANNUAL REPORT  
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

Project Title: ADCIRC Prediction System Enhancements and Coordination 

Principal Investigator Name/Institution: Rick Luettich, UNC Chapel Hill 

Additional Research Participants/Partners: Austin Becker, Brian Blanton, Shintaro Bunya, Jason Fleming, Zach 
Cobel, Casey Dietrich, Clint Dawson, Isaac Ginis, Robert Twilley 

Short Project Description:   

A substantial portion of the Coastal Resilience Center’s research portfolio involves the development and 
application of new capabilities for the ADCIRC Prediction System (APS) which is comprised of ADCIRC, the 
ADCIRC Surge Guidance System (ASGS) and a growing number of output products.  This project provides 
resources for ongoing ADCIRC development and coordination across the APS portfolio, from process 
improvements to transition. 

 
II. PROJECT NARRATIVE 

1. Project overview: 

This project is advancing the capabilities of ADCIRC; facilitating coordination among the other 
ongoing projects that are advancing ADCIRC or other components of the APS; developing improved 
products and services for end users; and providing interpretation of APS results during major storm 
surge events.  Together these efforts are increasing the accuracy, power and flexibility of the APS 
system and striving to maximize its value for end users. 

Included in these activities are: 

• the development of capabilities in ADCIRC to capture the movement of water in the freshwater – 
saltwater transition zone to enable modeling of compound flooding (with Bunya); 

• the development of upgraded access to wind models available to run ADCIRC using the cloud based 
“MetGet” interface (with Cobel, Fleming);  

• the implementation of data assimilation in APS (with Blanton); 

• the development of the CRC fast wave model for integration with APS (with Dietrich, Dawson); 

• the enhancement of capabilities to track, manage and create products from multiple APS runs 
across different computer platforms – APS Health Monitor (with Blanton); 

• the creation of new / improved products from APS including downscaled water levels, HAZUS 
ready output, and visualization / analysis tools (with Blanton); 
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• the continued operation and maintenance of APS to provide access to ADCIRC predicted water 
levels and flooding during major storm events (with Blanton, Ginis, Becker, Fleming); and 

• the expansion / sustainment of ADCIRC forecasting via external capacity building (with Fleming, 
Cobel) 

2. Results: 

Capabilities in ADCIRC to capture the movement of water in the freshwater – saltwater transition zone to 
enable modeling of compound flooding (primary contributions from collaborator Bunya @ UNC) 

Hydrodynamic models, such as ADCIRC, that are based on either the two- or three-dimensional shallow water 
equations, have been used to simulate tides, storm surges, and resulting flooding in myriad coastal settings. One 
challenge associated with these applications is the representation of small-scale conveyances such as small 
natural rivers and manmade waterways. Modeling these conveyances becomes especially important in low slope 
coastal areas where flooding may be driven by oceanic, fluvial and / or pluvial sources of water.  Predicting the 
co-occurrence of these processes, often called compound flooding, requires coupling coastal surge and inland 
hydrological models.  Extending the coastal ocean model inland, e.g., above the head of tide, can help to 
facilitate the model coupling when fluvial contributions are important. However, this may introduce spatial and 
time scales that are onerous and inefficient for a coastal model to resolve. 
During year 7, we have added two new solution algorithms to ADCIRC that allow it to efficiently resolve small 
conveyances and in the limit collapse to purely one-dimensional, along-channel directed flow.  The new 
algorithms allow these small conveyances to be seamlessly embedded in a two-dimensional (horizontal) 
unstructured mesh that would typically be used to represent coastal waters and adjacent flood plains.  We have 
evaluated the algorithms in multiple test problems and in initial field scale applications and find that it 
successfully recreates expected flow and water levels (based on comparisons with analytical solutions, over-
resolved ADCIRC solutions, or results from the HEC-RAS model) with great efficiency.  This work was 
presented by collaborator Bunya at the annual 2022 American Meteorological Society Conference and is 
contained in a journal manuscript that will shortly be submitted for publication.  It is contained in a development 
branch of ADCIRC and we anticipate that it will be merged into the release version of ADCIRC in year 8. 
Wind model availability for APS using the cloud based “MetGet” interface (primary contributions from 
collaborator Cobel @ the Water Institute of the Gulf) 

Over the course of its development, the ADCIRC source code and the ASGS code have been modified to allow 
ADCIRC to access and utilize meteorological forcing of different types and origins.  Types vary from 
meteorological fields on cartesian grids, to non- orthogonal grids, to nested moving grids to internally generated 
tropical cyclone fields based on parametric data input.  The underlying data must be extracted from multiple 
weather servers, often at different output intervals.  The different formats and availability protocols has made 
adding new meteorological products increasingly difficult. 
Over the past year we have implemented a new approach to accessing meteorological forcing.  The MetGet 
platform consists of a suite of cloud-based (Amazon Web Services) tools which allow requests to forecast 
meteorology provided by different weather models using a common request language and producing 
meteorological fields in a common format.  MetGet consists of two parts: 1) a data archival service and 2) the 
user accessible application programming interface (API) which generates the common format meteorological 
data. 
Many NOAA meteorological model forecasts are not posted indefinitely and live on NOAA servers only for one 
to two days. To ensure that a) data is available for training or other post storm purposes and b) server 
disruptions and/or limits do not disrupt data access, MetGet’s data archival service uses Amazon Lambda 
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functions, which are short lived, cloud based, serverless functions that check for new available data from 
various sources including, but not necessarily limited to, NOAA. The data archival service subsets much larger 
meteorological output files, generates metadata which can be used for future querying of archived data, and 
archives the data in the Amazon Web Services S3 cloud. These functions run every five minutes to check for 
new meteorological forecast data. If new data are found, the metadata are generated, and data and metadata are 
both archived within the data archival system.  
MetGet’s API allows users to query and make requests for data that was previously acquired in the data archival 
step. The system is configured as a representational state transfer (RESTful) API which can be accessed from 
nearly any modern programming language including using basic command line operations. The system interacts 
with the user by sending and receiving JavaScript Object Notation (JSON) formatted data which describe the 
weather model data being requested, area of interest, and time period of interest that the user designates. The 
system is configured to be scalable, i.e., the number of servers used on the backend will scale out or in (add or 
remove servers from the compute fleet) based upon system load. The goal is to ensure that real-time requests, 
regardless of how many are sent to the system, are processed as quickly as possible and returned to the user 
within minutes.  
MetGet is currently serving NOAA’s North Atlantic Mesoscale (NAM) model, Global Forecast System (GFS), 
and Hurricane Weather Research Forecast (HWRF) model, and the Navy’s Coupled Ocean / Atmosphere 
Mesoscale Prediction System – Tropical Cyclone (COAMPS-TC).  It is in the final stages of development to 
serve meteorological fields from ADCIRC’s GAHM parametric vortex, tropical cyclone model.  Accessing 
GAHM via MetGet should significantly speed up ADCIRC operations in comparison to using the version of 
GAHM that is internally coded inside ADCIRC.  It also provides flexibility for generating stand-alone wind 
products without invoking ADCIRC.  
MetGet is now fully functional and active each time a new meteorological run is posted.  However, access to 
MetGet by APS is pending modifications to ASGS by collaborator Fleming. 
This work was presented by collaborator Cobell at the annual 2022 American Meteorological Society 
Conference. 
Data assimilation for APS using a cloud-based interface (primary contributions from collaborator Blanton @ 
UNC) 

Our forecasting experience has demonstrated that in additional to tides, storms and runoff, coastal water levels 
are often impacted by other processes including steric heating, large scale ocean currents and antecedent 
meteorology that vary in space and time and are not explicitly included in ADCIRC. We have developed a very 
effective method for including an aggregate representation of these processes in ADCIRC by assimilating model 
water level errors into the ADCIRC solution.  In year 7, the creation of the water level error fields has been 
implemented in ASGS following the completion of each model nowcast run.  In year 8 we are evaluating the 
robustness of these fields and will be modifying ASGS to utilize these fields in subsequent nowcast and forecast 
model runs. 

Development of the CRC fast wave model for integration with APS (primary contributions by Dawson @U Texas 
and Dietrich @ NCSU) 

The SWAN wave model that is coupled to ADCIRC and run as part of the APS, is extremely computationally 
expensive to run, often requiring three times the computational resources of ADCIRC.  In year 7 our CRC 
collaborators C. Dawson, C. Dietrich and D. Resio have been implementing a reduced physics wave model that 
has the potential to speed up forecasting applications with little or no loss of accuracy.  Specific progress on this 
work is described in the CRC year 7 annual report by Dawson and Dietrich.  The efficacy of the CRC fast wave 
model as part of APS will be evaluated in year 8. 
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Capability to track, manage and create products from multiple APS runs across different computer platforms 
– APS Health Monitor (primary contributions by Blanton @ UNC) 

Our forecasting experience has demonstrated that managing a large number of APS runs, initiated by more than 
one APS operator and spanning multiple high performance computing systems can be quite difficult. To address 
this challenge, we have developed a highly effective system for communicating status messages from APS runs, 
using the Advanced Message Queuing Protocol (AMQP).  These messages can be collected into one or more 
centralized, cloud-based databases and used to document and communicate the progress of each run.  This 
communications backbone has enabled creation of the Operational Awareness Dashboard (OAD) that displays 
information from running ASGS instances on a webpage, thereby providing status and tracking information on 
each run.  It has also facilitated the development of new end user products including the web visualization 
interface APSViz and geo-referenced, geotiff raster images.  Specific progress on this work is described in the 
CRC year 7 annual report by Blanton. 

Improved products and capabilities from APS including downscaled water levels, HAZUS ready output, 
and visualization / analysis tools (primary contributions by Blanton @ UNC) 

For several years, the Coastal Emergency Risks Assessment website has been the primary tool used to visualize 
APS output.  However, over time we have seen requests for an expanded suite of products that can be imported 
into GIS-based end user decision support systems.  Typically, this implies products that are either in shape file 
or a georeferenced, rasterized format.  In year 7 we have leveraged the AMQP messaging to create additional 
products from APS, most notably geo-tiff raster files that are located in the Amazon Web Services S3 cloud and 
that can be accessed directly from FEMA’s HAZUS damage estimation software.  This is further described in 
the CRC year 7 annual report by Blanton.  In year 8 we will be expanding these capabilities to deliver enhanced 
data products to other end users (e.g., the North Carolina Dept of Transportation).   

Operation and maintenance of APS to provide access to ADCIRC predicted water levels and flooding during 
major storm events (collaborations with Blanton @ UNC, Ginis & Becker @ URI, Fleming @ Seahorse) 

Year 7 had a busy hurricane season; CRC maintained operational readiness to execute APS in advance of major 
storms impacting the US East and Gulf coasts and provide analysis and guidance to end users.  Storms that 
involved substantial CRC effort during year 7 were hurricane Henri (greatest impacts to New York, Connecticut 
and Rhode Island), see CRC year 7 progress report by Ginis and hurricane Ida (greatest impacts to Louisiana), 
see CRC year 7 progress report by Fleming.  During Henri we received an updated ADCIRC mesh covering 
greater New England from URI collaborator Ginis.  UNC collaborator Blanton ran APS forecasts on the UNC 
RENCI Hatteras computing system and provided results to URI collaborator Becker who integrated these into 
the Rhode Island Coastal Hazards Analysis Modeling and Prediction (RI-CHAMP) hazard modeling 
consequences system.  This is further described in the CRC year 7 annual reports by Ginis and Becker.  During 
Ida Seahorse collaborator Fleming oversaw APS forecasts runs on Louisiana State University and University of 
Texas computing systems.  These results were shared with the Louisiana Coastal Protection and Restoration 
Authority to assist with emergency management decisions made by various state agencies within Louisiana.  
This is further described in the CRC year 7 annual report by Fleming.  Throughout both events Luettich 
provided daily situational awareness briefings to DHS S&T through our CRC OUP Program Manager. 

Expansion / sustainment of ADCIRC forecasting via external capacity building (collaborations with Fleming @ 
Seahorse, Cobel @ the Water Institute of the Gulf) 

In year 7 the CRC focused on two efforts to build sustainable forecasting capacity outside of the CRC academic 
sphere.  (i) CRC funded Seahorse Coastal Consulting (for profit) collaborator Fleming and partners to build 
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their private sector business capacity to provide commercially supported forecasts based on APS technology.  
Additional information may be found in CRC year 7 annual report by Fleming.  This capacity will transition to 
being fully self-supported during year 8.  (ii) CRC also worked closely with collaborator Cobel to help the 
Water Institute of the Gulf (non-profit) utilize APS technology (including MetGet, ADCIRC, OAD, APSViz) to 
set up the Louisiana Flood Forecasting (LFF) System.  The LFF will be operated in pilot mode during the 2022 
hurricane season and is intended to be fully operational at the Water Institute by the 2023 hurricane season.  
Development of the LFF at the Water Institute and its future operations are being funded by the State of 
Louisiana.  The commitment of resources by the State to set up and provide sustained operations for the LFF 
reflects their recognition of the value APS has provided for emergency management and other decision makers 
during past major storm events and the desire to institutionalize this capability for their own needs.  We view 
this is a tremendous transition success for the CRC. 

3. End users: 

FEMA HAZUS development group / FEMA HAZUS users 

The State of Louisiana Coastal Protection and Restoration Authority (LA CPRA) 

State of Rhode Island Emergency Management (via work with Ginis and Becker) 

DHS S&T OUP 
 

4. Transition: 
 

Created custom products and a workflow to deliver these products for access by FEMA’s HAZUS Flood Hazard 
Import Tool into the HAZUS damage assessment software.  CRC’s Luettich presented a community webinar in 
conjunction with the HAZUS group to inform HAZUS uses of this new product availability 
https://coastalresiliencecenter.unc.edu/2022/04/adcirc-aps-plays-central-role-in-new-hazus-tools-update/  

Extensive work with staff from the Water Institute of the Gulf to help them set up the LFF using APS 
technology.  LFF forecasts are currently running in an evaluation mode with full operational status expected for 
2023. 

Provided LA CPRA with APS results for decision making. 

Provided URI collaborators Ginis and Becker with hurricane Henri results from APS for communication with 
Rhode Island Emergency Management via RI-CHAMP. 

Provided daily briefings for CRC’s DHS OUP during hurricanes Henri and Ida. 

 
5. Project Impact:  

 
ADCIRC and the ADCIRC Prediction System (APS) have a substantial history of being used for decision 
making by multiple Federal (FEMA, USCG, USACE, NOAA) and State (TX, LA, FL, SC, NC, RI) agencies.  
Development work during year 7 has continued to improve the accuracy and efficiency of the APS modeling 
and expand the products that it provides.  Transition during this year has made these products more widely 
available. 

During year 7: 

https://coastalresiliencecenter.unc.edu/2022/04/adcirc-aps-plays-central-role-in-new-hazus-tools-update/
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APS results from hurricane Ida were used by LA CPRA and collaborating agencies for logistical decisions 
during the storm; and 

FEMA HAZUS used custom APS results for post storm damage assessment.  This interaction helped to inform 
the products that are now available automatically to HAZUS during forecast events. 

6. Unanticipated Problems:  

None of particular note. 

7. Student Involvement and Awards:  

Number of Students: 
• Taylor Asher – PhD student. 
• John Ratcliff – MS student. 

Internships Hosted: 

Hosted summer MSI internship program project by Dr. Pat Fitzpatrick and 2 undergraduate students at Texas 
A&M Corpus Christi  

Student Role in Research: 
• Taylor Asher – PhD student.  ADCIRC model validation studies, development of the ADCIRC wiki 

documentation site 
• John Ratcliff – MS student.  ADCIRC model validation studies. 

Degrees Attained:  
• Taylor Asher – PhD in Marine Sciences, May 2022. 
• John Ratcliff – MS in Marine Sciences, May 2022. 

Awards/Recognition Received: 
• Taylor Asher – UNC Marine Sciences Morrow Award for outstanding achievement in graduate 

research 
Jobs Secured/Higher Education pursued: 

• Taylor Asher – May 2022 began post doctoral position funded 75% by NOAA NOS Coastal Hazards 
Branch and 25% by CRC  

• John Ratcliff – May 2022 began PhD in Marine Sciences at UNC. 
 

8. Theses and Dissertations: 

• Taylor Asher, UNC Chapel Hill, “An Assessment of Uncertainties in Coastal Flooding”, 2022, 
Department of Marine Sciences, primary advisor Rick Luettich 

• John Ratcliff – UNC Chapel Hill, “Analysis of Wind and Storm Surge of Hurricane Florence”, 2022, 
Department of Marine Sciences, primary advisor Rick Luettich 
 

9. Involvement in DHS Summer Research Teams for Minority Institutions Program 

Title of the summer research project: 

“Parametric equations of outer-core tropical cyclone radial winds” 

Members of the team and their home institution:  
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• Dr. Pat Fitzpatrick – lead, Texas A&M University – Corpus Christi 
• Stephen Michalec, Emily Rawlins – students, Texas A&M University – Corpus Christi 

 
Brief project description or abstract: 

Often the extrapolation of parametric wind equations to 20 to 34-knot winds in the tropical cyclone outer-core 
yields a positive bias. This positive bias impacts preparedness, operations, and post-analyses in terms of: 
predicted wind load damage; predicted storm surge used in coastal evacuation planning; return level statistics 
used in flood insurance; pre-landfall staging for response; post-landfall response (i.e., Incident Management 
Assistance Teams; Search and Rescue Teams; Incident Support Base Team); and damage assessments used in 
HAZUS.  
This project developed empirical equations for tropical cyclone wind profiles extending past the radius of 34 
knot winds (R34).  
What was achieved during the project period? 

Surface sustained winds were extracted from a UCAR hurricane reconnaissance flight dataset. Nine subsets 
were generated for “small”, “average”, and “large” tropical cyclones for tropical storms, Cat 1-2 hurricanes, and 
Cat 3-5 based on R34 quartiles. The size categories are based on quartile climatology from the dataset. Utilizing 
an optimization nonlinear function-finding genetic algorithm, the best equation was an exponentially decreasing 
formulation with an inverted coefficient proportional to size and intensity. Two asymptotic multipliers are also 
included in the near- and far-environment of the tropical cyclone. Alternative formulations which use empirical 
logistic curves for Holland vortexes and modified Rankine Vortexes were also shown to be effective.  The 
empirical equations for the outer-core winds were transitioned to a private sector firm World Winds, Inc, that 
does tropical cyclone forecast modeling. 

Dr. Fitzpatrick developed new teaching and mentoring methodology for atmospheric science students and 
expanded his research network with the National Hurricane Center, Hurricane Research Division, UCAR, and 
the CRC.  Furthermore the project provided the students with theory on tropical cyclone winds, experience 
using multiple computer data analysis software packages and exposure to research. 

 
III. RESEARCH ACTIVITIES AND MILESTONES 
 

Status as of 6/30/2022 

Research Activities/Milestones  Completion 
Date  

% 
Complete 

Explanation of why 
activity/milestone was 
not 100% completed 

1. Wind forcing data available through “MetGet” 
interface 

   

• Beta version 9/2021 100%  
• Fully operational 6/2022 95% Inclusion of ADCIRC’s 

parametric hurricane 
model GAHM should be 
completed in July/ 
August.  All other met 
models complete. 

2. Include data assimilation into ASGS    
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• Beta version 9/2021 100% Computation of 
assimilation surfaces 
complete 

• Fully operational version 6/2022 75% Still working on 
integration of 
assimilation surfaces 
into forecast workflow 

3. Test and demonstrate CRC Fast wave in ASGS    
• Alpha version 6/2022 90% Demonstration complete 

in a stand alone mode 
outside of ASGS.  Work 
during year 8 will assess  
whether this is viable 
wave modeling approach 
for APS that warrants 
integration into ASGS. 

4. Updated APS Health Monitor 9/2021 
& 

6/2022 

100%  

5. Updated APS products 9/2021 
& 

6/2022 

100%  

6. APS operation ongoing 100%  
7. APS – transition activities ongoing 100%  

 
IV. RESEARCH PRODUCTS AND DELIVERY   

 

Product Title Product Type 
(select from 
list above) 

Brief Product 
Description 
(include Function / 
Purpose) 

Date 
Delivered 

(or 
projected 

date of 
delivery) 

 

Transition Method / 
Activity 

ADCIRC 
development 

Software new solution 
algorithms in ADCIRC 
to efficiently model 
channels 

Multiple 
times 
during Yr 
7 

ADCIRC GitHub repository / 
communication to technical 
community 

MetGet 
development 

Software MetGet 
meteorological 
access code 

Multiple 
times 
during Yr 
7 

MetGet branch in ADCIRC 
GitHub repository / 
communication to technical 
community 

ADCIRC results for 
HAZUS 

Data APS results in geo-tiff 
format for ingest into 
FEMA HAZUS damage 
assessment 

February 
2022 

ADCIRC results are 
automatically placed in an 
Amazon Web Services 
container the HAZUS can 
access.  Capability 
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announced and 
demonstrated in a joint 
HAZUS community webinar 
in February 2022. 

APS results during 
hurricanes Henri 
and Ida 

Data / results APS products delivered 
to Rhode Island 
Emergency 
Management (via URI 
collaborators), 
Louisiana Emergency 
Management (via 
Seahorse collaborator), 
DHS OUP 

During 
hurricane 
events 

Data sets / knowledge 
products transferred via file 
exchange as agreed with end 
user. 

 

 
  



 
157 

V. PUBLICATIONS  
 

Peer-reviewed publications: 
• A Thomas, JC Dietrich, CN Dawson, RA Luettich (2022). “Effects of Model Resolution and Coverage on 

Storm-Driven Coastal Flooding Predictions.” Journal of Waterway, Port, Coastal, and Ocean Engineering, 
148(1), 04021046, DOI: 10.1061/(ASCE)WW.1943-5460.0000687. 

• Bilskie, M.V., T.G. Asher, P.W. Miller, J.G. Fleming, S.C. Hagen, R.A. Luettich Jr. (2022), “Real-time 
simulated storm surge predictions during Hurricane Michael (2018)”, Weather and Forecasting, published-
online: 16 Jun 2022, DOI: 10.1175/WAF-D-21-0132.1 

• Aikaterini P.K., A.A. Taflanidis, M. Plumlee, T.G. Asher, E. Spiller, R.A. Luettich Jr, B.O. Blanton, T.L. 
Kijewski-Correa, A. Kennedy, L. Schmied, 2021. “Improvements in storm surge surrogate modeling for 
synthetic storm parameterization, node condition classification and implementation to small size databases", 
Natural Hazards, DOI: 10.1007/s11069-021-04881-9. 

 
Presentation, invited: 
• NOAA Modeling Board TED-style panel: Sustaining Community Innovation: Developing Best Practices for 

Engaging and Leveraging Community Partnerships, (oral) 

• IBM, International Environmental Sciences seminar series, (oral) 

• International Decontamination Research and Development Conference, (keynote - oral) 

• National Academy of Engineering, Annual Meeting Symposium on Climate Change and Civil and 
Environmental Engineering, (oral) 

• HAZUS Community Workshop (oral) 

• National Academies, Transportation Research Board, Committee on Hydrology, Hydraulics, and 
Stormwater, (oral) 

 
Presentation, contributed: 
American Meteorological Society Annual Meeting, (3 oral presentations) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://doi.org/10.1175/WAF-D-21-0132.1
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VI. PERFORMANCE METRICS  
 

YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where indicated) 

Internships hosted  3  

Undergraduate students who received tuition / 
fee support / stipend  

0  

Graduate students who received tuition / fee 
support / stipend   

2  

Undergraduates who received HS-related 
  

0  

Graduate students who received HS-related 
  

2  

Graduates who obtained HS-related 
  

1  

Journal articles submitted  0  

Journal articles published  3  

Conference presentations  7  

Other presentations, interviews, webinars 2  

Patent applications filed  0  

Patents awarded  0  

Trademarks/copyrights filed  0  

Requests for assistance/advice from DHS 
agencies  

3 Daily situational awareness 
briefings during hurricanes Henri 
and Ida; product development for 
FEMA HAZUS 

Requests for assistance/advice from other 
federal agencies or levels of government 

3 NOAA assistance with code 
enhancements to ADCIRC; State 
of Louisiana water level guidance 
during hurricane Ida; product 
development for North Carolina 
and South Carolina Dept of 
Transportations  

Total dollar amount of external funding $1M Coastal Probabilistic Flood Hazard 
Analysis - FEMA. 

Total number of milestones for reporting period  7  

Accomplished fully  4  

Accomplished partially  3  

Not accomplished  0  
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EDUCATION AND WORKFORCE DEVELOPMENT 
THEME 

 
Robert W. Whalin, Jackson State University 

  
DHS COASTAL RESILIENCE CENTER 

EDUCATION PROJECT 
YEAR 7 PROGRESS REPORT  

July 1, 2021 – June 30, 2022 
 

I. INTRODUCTION 
 

Project Title: PhD in Engineering (Coastal Engineering and Computational Engineering) at an HBCU. 
 

Principal Investigator Name/Institution: Robert W. Whalin, Ph.D., P.E., D.CE; Professor of Civil 
Engineering and Education Director, Coastal Resilience Center of Excellence, Jackson State 
University (JSU). 

 
Other Partners/Institutions: US Army Engineer Research and Development Center, Vicksburg, MS 
and Texas A&M University at Galveston. 

 
Short Project Description: This project focuses on strengthening and preserving institutionalization of the 
PhD in Engineering (Coastal Engineering and Computational Engineering concentrations) approved near the 
end of year 3 of this CRC education project. A steady output of MS Engineering degree graduates with a 
Coastal Engineering concentration focused on coastal natural disasters has been established to help increase 
workforce diversity in the greater Homeland Security enterprise. Year 7 produced one MS graduate and one 
PhD graduate.  

 
II. PROJECT NARRATIVE   

 
1. Project overview:  This project directly addresses the education need for graduate engineering programs 

focused on coastal natural disasters to provide engineers that can help mitigate the ever-increasing cost 
of damages, especially those from tropical storms and hurricanes that DHS is confronted with through 
FEMA missions.  Almost no graduate coastal engineering programs are focused on coastal natural 
disasters and none are located at an HBCU where a large percentage of African American engineers 
matriculate.  Jackson State University has an African American student body exceeding 90% which will 
directly support the DHS Strategic Plan Goal to Enhance the DHS Workforce, especially the Objective 
to increase Workforce Diversity and Priority Goal 3 to Enhance Resilience to Disasters.   Leverage of 
federal assets is assured by the Education Partnership Agreement (authorized by Public Law) between 
the Engineer Research and Development Center and Jackson State University. The Agreement facilitates 
ERDC providing Adjunct Faculty, student internships and potential use of ERDC experimental and 
computational facilities for graduate research. An excellent record of DHS End User involvement and 
transition of graduates to end users continued throughout year six of the Coastal Resilience Center of 
Excellence.  Research staff and graduate students had direct participation in a research project; and in 
highly relevant hurricane barrier projects nationwide (funded by others) including the Ike Dike concept 
for protecting Galveston Island and the greater Houston metropolitan area from devastating, albeit low 
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probability, hurricane surges.  Coastal Engineering education programs nationwide have been on a 
decline for the past two decades and United States leadership in the coastal engineering profession has 
declined relative to other nations.  This project will help ameliorate the trend while increasing the supply 
of minority coastal and computational graduate level engineers focused on the field of coastal natural 
disasters. 

 
2. End users:  A list of end-users that participated in this project during Year 7 follows. Their project role is 

included focusing on facilitating transitions to these end users as appropriate.  Discussions were held 
with each at either the virtual CRC Annual Meeting, at ERDC, at MS Engineering Society Meetings 
(June 2021), during graduate classes or on other professional occasions.   

Table 1: End-User Involvement 
            End-User Agency/Employ

er 
Project Role (Year 7) 

Dr. Christina Lindemer  FEMA Region 
IV 

Transition, potential employer 
 

BG (Ret) Robert Crear 
Chairman, Free Flow Power 
Development, LLC 

Free Flow 
Power 

Collaborator (guest 
lecturer), Transition 
(assists with student 
internships/employment). 
 

Mr. Mark Sanders 
GIS Specialist 

MEMA Collaborator, Transition (potential 
employer of graduates) 
 

Mr. Henry Dulaney 
Division Chief, MVX 

USACE 
Vicksburg 

District 

Transition (potential employer): 
Sponsored student Society of 
American Military Engineers.  
Discussed engineer government  
careers, employer of graduates. 
 

Mr. John T. Weeks, PE 
Vice President 
 

SDW Transition (potential employer) 

Ms. Mary Cialone 
Research Engineer 

USACE 
ERDC 

Collaborator, research advisor for 
a Year 7 PhD graduate. 
 

Dr. Chris Massey 
Research Engineer 

USACE 
ERDC 

Collaborator, Leveraged Project 
from 
TAMUG 
 

Dr. David W. Pittman, Director 
ERDC 

USACE ERDC Transition, signatory for 
Education 
Partnership Agreements; had 
several discussions during Year 7. 
 

Mr. Bart Durst, Director, 
Geotechnical and Structures Lab 

USACE 
ERDC 

Transition; GSL employs 
graduates. Held discussions. 
 

Dr. Lihwa Lin 
Research Engineer 

USACE 
ERDC 

Adjunct Professor, graduate 
courses; served on two graduate 
committees and one dissertation 
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There is a very small number of end-users in FEMA, Corps of Engineers Districts, Emergency 
Management Agencies and private industry contractors who have engineers with graduate Coastal 
Engineering education (most especially African American and Hispanic American engineers).  This 
project will help ameliorate this critical deficiency in widespread expertise (over 90% of JSU students 
are minorities, mostly African American).  The immense cost to the taxpayers of rescue and recovery 
from Hurricane inundation, coastal and estuarine flooding from intensified precipitation events and 
tsunami inundation drives the need for additional engineers with graduate education focused on coastal 
natural disasters. 

3. Unanticipated Problems: None.  A good year, considering we were recovering from COVID induced 
challenges.  This program managed to hold all year 7 classes face to face sue to excellent record of 
following university guidance.   

4. Students and recent graduates: The total number of graduate enrollments (including students from other 
concentrations taking the CRC supported courses as an elective) in CRC supported courses during Year 
7 was 85 of which 61% were minorities. This project is a graduate program only.  The demographics of 
students enrolled in the Coastal Engineering concentration core courses during Year 7 follows: 

• Number of coastal engineering concentration students 
- Undergraduate   0 
- Graduate students  6 (4 male and 2 female) 
- Working professionals 5 

• Percentage of minority students 50% 
• Number of students graduated 2 (1 MS and 1 PhD) 
• Number of graduates employed 

In resilience related field  1 
• Number of MS graduates who 

Enrolled in graduate (PhD) programs 
For Fall 2022    1 
 

5. Theses and Dissertation: There were no theses and one dissertation completed during Year 7.  The MS 
graduate selected the course only option (36 semester hours and an oral exam covering classes taken).  
Dr. Gregory Slusarczyk was awarded the PhD Engineering (Coastal Engineering concentration) degree 
on December 10, 2021 by Jackson State University.  His primary Advisor and Committee Chair was Dr. 
Robert W. Whalin, P.E., D.CE a Professor in the Civil and Environmental Engineering Department.  His 
dissertation was titled, “Coastal Hazard Protection and Mitigation Measures to Enhance Coastal 
Resilience.” 

6. Project Impact and Relevance: This project impacted workforce capabilities during Year 7 by awarding 
two graduate degrees (one MS and one PhD) in the Coastal Engineering concentration of the 
Engineering major.  The PhD graduate, Dr. Slusarczyk is employed by the US Army Corps of Engineers 
laboratory: Engineer Research and Development Center.  The MS graduate is enrolled in the PhD 
Engineering (Coastal Engineering concentration) degree program at Jackson State University for Fall 

defense. 
 

Dr. Gaurav Savant, 
Research Engineer 

USACE 
ERDC 

Adjunct Prof., graduate courses; 
served on one graduate committee. 
 

 Dr. Ty Wamsley, Director, 
Coastal and Hydraulics Lab 

USACE 
ERDC 

Approved joint research project 
and use of ERDC facility for 
project of mutual interest. 
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2022 and Dr. Whalin is his Advisor.  Two continuing African American female graduate students are on 
track to graduate in May 2023 with a MS Engineering degree.  Four new graduate students have been 
recruited for the Fall 2022 semester, two at the MS level and two at the PhD level.  There are two 
African Americans (one female and one male), one male Hispanic and one white male.  Courses are 
revised every time taught by adding relevant new literature content.  Most commonly from publications 
in the International Conferences on Coastal Engineering (ICCE), Journal of Coastal Engineering and the 
ASCE Coastal, Oceans, Ports and Rivers Institute Journal.  It is a responsibility of all faculty professors 
to update course content each time taught.  
 

7. Institutionalization: The location where the project deliverables are maintained was confirmed upon 
submittal of the proposal.  It is in the former Coastal Hazards Center, renamed the Coastal Resilience 
Center office complex (with conference room) in the JSU Mississippi e-Center (a 250ft2 building on 30 
acres).  The Education program resides in the Department of Civil and Environmental Engineering and 
classes taught are part of the Civil and Environmental Engineering Department graduate academic 
offerings.  
 
The PI prepared all documentation required to gain approval for the PhD Engineering (Coastal 
Engineering concentration) Degree Program.  The PhD Engineering degree was previously approved by 
the Mississippi Institutions of Higher Learning (IHL) along with concentrations in Civil Engineering, 
Environmental Engineering, Geological Engineering, Computer Engineering, Computational 
Engineering and Electrical Engineering.  Degrees are approved at the IHL level.  Concentrations within 
degree programs are approved at the University level. Formal institutionalization of a program occurs 
upon approval of the concentration, in this case, by Jackson State University and upon listing the degree 
program and concentration in the official University Catalog along with the degree requirements, 
admission requirements, curriculum, class numbers and class descriptions.  The Coastal Engineering 
emphasis area of the PhD Engineering degree was evaluated, approved and formally signed by (in 
order): 

1. Department of Civil and Environmental Engineering Curriculum Committee 
2. Chair, Department of Civil and Environmental Engineering 
3. College of Science Engineering and Technology Curriculum Committee 
4. Dean, College of Science, Engineering and Technology 
5. Jackson State University Curriculum Committee 
6. Dean, Graduate Division, Jackson State University 
7. Provost and Vice President for Academic Affairs (Approved May 2018) 

 
  Post CRC support will be on an equal footing with all other academic programs at JSU  

(similar to any university).  Requests can and will be made for funds for graduate assistantships and 
teaching assistantships. Proactive efforts to obtain grants for graduate research assistantships have been 
and are being made.  At the current time, external funding of about $400,000 annually seems to be 
relatively stable from the National Science Foundation and Department of Transportation.  All are 
subcontracts from prime grant (Cooperative Agreement) recipients.  Excellent partnerships and working 
relationships with several universities have been developed and nurtured (specifically University of 
North Carolina, University of Arkansas, Texas A&M University at Galveston, University of Florida and 
University of Puerto Rico at Mayaguez).  Perhaps the most important source of Post CRC support is the 
Education Partnership Agreement (EPA) with the US Army Corps of Engineers Engineer Research and 
Development Center in Vicksburg, MS that is fully expected to continue.  The EPA facilitates (a) joint 
research projects with ERDC, (b) ERDC researchers to teach mutually agreeable graduate courses and 
serve on graduate committees and (c) use and/or loan of ERDC research equipment (including high 
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performance computing assets).  During Year 7 we had one partnership proposal (with Rice University) 
awarded for four years of support for MS level graduate tuition scholarships for four new students per 
year (in the Coastal Engineering concentration) by the National Science Foundation. The two new MS 
students recruited for the Fall 2022 semester are awarded tuition scholarships from the new program. 
 

III.  EDUCATION ACTIVITIES AND TRANSITION MILESTONES 
 

I. Year 7 Education Activities and Milestone Achievements: The chart below shows the status of Year 7 
Education Institutionalization Activities and Milestones relative to that in the Year 7 Workplan for this 
Project. 

  
 

Table 2: Year 7 Institutionalization Activities and Milestones 
7/1/2021 – 6/30/2022   

Institutionalization Activity Workplan Completion 
Date 

% Completed Explanation 

Activity 1: Continuously recruit students 
for both MS and PhD emphasis areas with 
a focus on domestic students.  JSU 
undergraduate students are actively 
recruited. 

June 2022 100%  

Activity 2: Continuously mentor/Advise 
Graduate students.   

June 2022 100%  

Institutionalization Milestone    

Milestone 1: Enroll at least three new 
graduate students during Year 7. 

June 2022 100% 4 enrolled (2 MS, 2 PhD) 

Milestone 2: Award at least one MS 
Engineering degree (Coastal Engineering 
concentration). 

June 2022 100% 1 awarded 

Milestone 3: At least one student takes the 
PhD Qualifying Examination 

June 2022 100% 1 took the exam 

Milestone 4: Award at least one PhD 
Engineering degree. 

June 2022 100% 1 awarded Dec. 10, 2021. 

Both activities and milestones were fully achieved.  
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IV. ANNUAL COURSES AND ENROLLMENT NUMBERS 
The following Tables enumerate the core courses and elective courses taught through Year 7 and their 
enrollment. 
 

Table 1:      Core Courses (Coastal Engineering Concentration) 
CIV 520 Advanced Engineering Analysis 
CIV 538 Coastal Structures 
CIV 539 Advanced Coastal Engineering Design 
CIV 631 Linear Theory of Ocean Waves 
CIV 632 Tides and Long Waves 
CIV 636 Spectral Wave Analys 

 
CIV 637 Advanced Design for Breakwater Rehabilitation 
CIV 698 Independent Study (Separate Courses of 1-4 hours) 
CIV 899 Dissertation Research 
 
 

Table 2:  Elective Courses 
CIV 521 Advanced Engineering Analysis II 
CIV 535 Pavement Design 
CIV 542 Advanced Design of Concrete Structures 
CIV 544 Advanced Design of Steel Structures 
CIV 544 Advanced Design of Hydraulic Structures 
CIV 550 Engineering Hydrology 
CIV 561 Chemistry for Environmental Engineering 
CIV 562 Hazardous Waste Engineering 
CIV 566 Air Pollution 
CIV 567 Environmental Remediation 
CIV 568 Land Disposal of Waste 
CIV 574 Engineering Hydrogeology 
CIV 640 Finite Element Method 
CIV 642 Pre-Stressed Concrete Design 
CIV 661 Biological Processes in Wastewater Engineering 
CIV 675 Earth Dams and Slopes 
CIV 682 Computational Geotechnics 
CIV 684 Advanced Site Characterization and Instrumentation 

 
 

Table 3: Core and Elective Courses 
Core and Elective Courses Taught with Enrollments (Years 1-7) 

#CIV63
1 

Course Title: Linear Theory of Ocean Waves YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

T T -- -- T/C T/C -- 

Offering: Elective (E), Concentration (C), Minor (M) C C -- -- C C -- 
Number of Students Enrolled 6 5 -- -- 5 3 -- 



 
165 

    
#CIV535 Course Title: Pavement Design YR 1 YR 2  YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- T - T/R T/R T/R T/R 

Offering: Elective (E), Concentration (C), Minor (M) - E - E E E E 
Number of Students Enrolled - 8 - 8 9 8 7 

     
#CIV637 Course Title: Advanced Design for Breakwater 

Rehabilitation 
YR 1 YR 2 YR 

3 
YR 4 Yr 5 Yr. 6 Yr. 7 

Status: Developed (D), Revised (R), and/or Taught (T) T -- T -- T/R -- T/R 
Offering: Elective (E), Concentration (C), Minor (M) C -- C -- C -- C 

Number of Students Enrolled 3 -- 7 -- 8 -- 7 
     

#CIV642 Course Title: Pre-Stressed Concrete Design YR 1 YR 2 YR 
3 

YR 4 Yr 5 Yr. 6 Yr. 7 

Status: Developed (D), Revised (R), and/or Taught (T) T -- -- T/R -- T/R -- 
Offering: Elective (E), Concentration (C), Minor (M) E -- -- E -- E -- 

Number of Students Enrolled 4 -- -- 5 -- 5 -- 
     

#CIV698 Course Title: Independent Study (4 separate 
courses) 

YR 1 YR 2 YR 
3 

YR 4 Yr 5 Yr. 6 Yr. 7 

Status: Developed (D), Revised (R), and/or Taught (T) 
                                                   (1 one hour course) 
                                                   (2 three hour courses) 
 

T/R (4 
courses) 

T/R (4 
courses) 

T/R 
(3 
cou
rses
) 

T/R 
(1 

cours
e) 

T/R 
(3 

cour
ses) 

T/R (3 
course
s, 3hrs. 
each) 

T/R (8 
courses) 

Offering: Elective (E), Concentration (C), Minor (M) C C C C C C C 
Number of Students Enrolled 1 each 1 each 1 

eac
h 

1 
each 

1 
each 
(3) 

1 each 
(3) 

1 each 
(8) 

     
#CIV538 Course title: Coastal Structures  YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

Status: Developed (D), Revised (R), and/or Taught (T) -- T -- T/R -- T/R -- 
Offering: Elective (E), Concentration (C), Minor (M) -- C -- C -- C -- 

Number of Students Enrolled -- 6 -- 8 -- 6 -- 
        

#CIV636 Course title: Spectral Wave Analysis YR 1 YR 2 YR 3 YR 4 
 

YR 1 YR 2 YR 3 YR4 Yr 5 Yr. 6  Yr. 7 
Status: Developed (D), Revised (R), and/or Taught (T) -- T T/R -- T/R -- T/R 

Offering: Elective (E), Concentration (C), Minor (M) -- C C -- C -- C 
Number of Students Enrolled -- 5 5 -- 5 -- 4 

        
#CIV539 Course title: Advanced Coastal Engineering Design YR 1 YR 2 YR 3 YR 4 

 

YR 1 YR 2 YR 3 YR4 
 

YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 
Status: Developed (D), Revised (R), and/or Taught (T) -- T -- T/R -- T/R T/R 

Offering: Elective (E), Concentration (C), Minor (M) -- C -- C -- C C 
Number of Students Enrolled -- 6 -- 7 -- 6 4 

        
#CIV520 Course title: Advanced Engineering Analysis I 

 

YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 
Status: Developed (D), Revised (R), and/or Taught (T) -- T T/R T/R T/R T/R T/R 

Offering: Elective (E), Concentration (C), Minor (M) -- C C C C C C 
Number of Students Enrolled -- 9 4 7 8 6 7 
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#CIV542 Course Title: Advanced Design of Concrete 
Structures 

YR 1 YR 2 YR3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- T -- -- -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - E - -- -- E -- 
Number of Students Enrolled - 9 - -- -- 4 -- 

    
CIV544 Course Title: Advanced Design of Steel 

Structures 
YR 1 YR 2 YR 3 YR4 Yr 5 Yr, 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

 T -- T -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - E -- E -- E -- 
Number of Students Enrolled - 8 -- 6 -- 6 -- 

    
CIV544 Course Title: Advanced Design of Hydraulic 

Structures 
YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- T - T -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - E - E -- E -- 
Number of Students Enrolled  - 9 - 5 -- 6 -- 

    
CIV632 Course Title: Tides and Long Waves YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - T/R - -- -- -- 

Offering: Elective (E), Concentration (C), Minor (M) - - C - -- -- -- 
Number of Students Enrolled - - 10 - -- -- -- 

    
CIV550 Course Title: Engineering Hydrology YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - T - -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - - E - -- E -- 
Number of Students Enrolled - - 10 - -- 8 -- 

    
CIV661 Course Title: Biological Processes in Wastewater 

Engineering 
YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - T T T/R T/R T/R 

Offering: Elective (E), Concentration (C), Minor (M) - - E E E E E 
Number of Students Enrolled - - 9 6 7 5 5 

    
CIV561 Course Title: Chemistry for Environmental 

Engineering 
YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - T - T/R -- T/R 

Offering: Elective (E), Concentration (C), Minor (M) - - E - E -- E 
Number of Students Enrolled  - - 6 - 7 -- 5 

    
CIV567 Course Title: Environmental Remediation YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - T - -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - - E - -- E -- 
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Number of Students Enrolled - - 7 - -- 6 -- 
    

CIV675 Course Title: Earth Dams and Slopes YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 
 Status: Developed (D), Revised (R), and/or 

Taught (T) 
- - T - T/R -- T/R 

Offering: Elective (E), Concentration (C), Minor (M) - - E - E -- E 
Number of Students Enrolled  - - 9 - 8 -- 5 

        
CIV568 Course Title: Land Disposal of Waste YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - T/R -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - - - E -- E -- 
Number of Students Enrolled  - - - 7 -- 7 -- 

        
CIV574 Course Title: Engineering Hydrogeology YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - T/R -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - - - E -- E -- 
Number of Students Enrolled  - - - 8 -- 7 -- 

        
CIV640 Course Title: Finite Element Method YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- T - T/R -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - E - E -- E -- 
Number of Students Enrolled  - 6 - 7 -- 7 -- 

        
CIV681 Course Title: Excavation Support Systems 

and Retaining Structures 
YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - T -- T/R -- 

Offering: Elective (E), Concentration (C), Minor (M) - - - E -- E -- 
Number of Students Enrolled  - - - 6 -- 6 -- 

        
CIV899 Course Title: Dissertation Research YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - T/R T/R T/R T/R 

Offering: Elective (E), Concentration (C), Minor (M) 

- - - C C 
(10 

hour
s) 

C (7 
hours) 

C 

Number of Students Enrolled  - - - 1 1 1 3 
        

        
CIV521 Course Title: Advanced Engineering Analysis 

II 
YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

T T T T T T/R T/R 

Offering: Elective (E), Concentration (C), Minor (M) E E E E E E E 
Number of Students Enrolled  6 7 6 5 6 6 4 

        
CIV562 Course Title: Hazardous Waste Engineering YR 1 YR 2 YR 3 YR 4 YR 5 YR. 6 YR. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

-   - T --  
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Offering: Elective (E), Concentration (C), Minor (M) -   - E --  
Number of Students Enrolled  -   - 8 --  

        
CIV566 Course Title: Air Pollution YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6  

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - - T --  

Offering: Elective (E), Concentration (C), Minor (M) - - - - E --  
Number of Students Enrolled  - - - - 9 --  

        
CIV682 Course Title: Computational Geotechnics YR 1 YR 2 YR 3 YR 4 YR 5 YR. 6 YR. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - - - -- D/T 

Offering: Elective (E), Concentration (C), Minor (M) - - - - - -- E 
Number of Students Enrolled  - - - - - -- 6 

        
CIV 684 Course Title: Air Pollution YR 1 YR 2 YR 3 YR 4 Yr 5 Yr. 6 Yr. 7 

 Status: Developed (D), Revised (R), and/or 
Taught (T) 

- - - - T -- D/T 

Offering: Elective (E), Concentration (C), Minor (M) - - - - E -- E 
Number of Students Enrolled  - - - - 9 -- 7 

Totals 23 76 76 87 84 106 85 
 
 

V. PUBLICATIONS  
 

1. Publications:   
a. Year 7 publications (all published): 

Veronica Diaz-Pacheco, Angelic Teresa Nieves-Jimenez, Robert Whalin, 
Thomas Richardson, Cristina Pomales, Clara Esaza and Mauricio Cabrera-Rios, 
"Individual Emergency Response and Recovery: What people worried about 
during and after Hurricane Maria," International Journal of Disaster Risk 
Reduction, February 2022. 

 
b.   Thesis and dissertations completed in Year 7: No Thesis- The one MS Engineering chose the course 

only option that required an oral exam plus additional courses.  One dissertation was completed. 

 
VI. PERFORMANCE METRICS 
 

  Table: Performance Metrics: 

Metric 
Year 7 

(7/1/21-
6/30/22) 

Notes 

HS-related internships (number) 0  
Undergraduates provided tuition/fee support 

 
0  

Undergraduate students provided stipends 
 

0  
Graduate students provided tuition/fee support 

 
5  
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Graduate students provided stipends (number) 4 About half of graduate students 
have full time engineering 

employment 
Undergraduates who received HS-related degrees 

 
0  

Graduate students who received HS-related 
  

2  
Graduates who obtained HS-related employment 
(number) 

1 Two graduates, one in PhD 
Engineering Program, the second 

has HS-related employment. 

SUMREX program students hosted (number) 0  
Lectures/presentations/seminars at Center 

  
1  

DHS MSI Summer Research Teams hosted 
 

0  
Journal articles submitted (number) 1  
Journal articles published (number) 1  
Conference presentations made (number) 1  
Other presentations, interviews, etc. (number), 

 
2  

Patent applications filed (number) 0  
Patents awarded (number) 0  
Trademarks/copyrights filed (number) 0  
Requests for assistance/advice from DHS agencies 

   
0  

Requests for assistance/advice from other 
agencies or governments (number) 

1  

Dollar amount of external funding $287,851 From DHS?  $0. From other sources? 
100% as follows MarTREC $185,000 and 
STRIDE $102,851 (Total $351,702). Brief 
description of each. MarTREC (MariTime 
Transportation Research and Education 
Center) is a DOT Tier One University 
Transportation Center.   STRIDE 
(Southeastern Transportation Research, 
Innovation, Development and Education 
Center) is a Regional DOT University 
Transportation Center.  

Total milestones for reporting period (number) 4  
Accomplished fully (number) 4  

Accomplished partially (number) 0  
Not accomplished (number) 0  
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FAIK / JCSU 
DHS COASTAL RESILIENCE CENTER 

EDUCATION PROJECT 
YEAR 7 PROGRESS REPORT  

July 1, 2021 – June 30, 2022 
 

I. INTRODUCTION 
 
Project Title: 
Preparing Tomorrow’s Minority Task Force in Coastal Resilience through Interdisciplinary Education, 
Research, and Curriculum Development. 
 
Principal Investigator Name/Institution: 
− PI, Dr. Ahmed Faik, Chair and Assistant Professor of the Department of Computer Science and Engineering 

Johnson C. Smith University 
− Co-PI – Dr. Suryadip Chakraborty, Associate Professor of the Department of Computer Science and 

Engineering Johnson C. Smith University 
 
Other Partners/Institutions: 
UNC-Chapel Hill, UNC-Charlotte, and Jackson State University (major partners). 
 
Short Project Description (“elevator speech”): 
In the year 7 of this DHS-funded program, we continued to emulate the integrative and interdisciplinary nature 
of real-world problems in our 4 project-based courses designed during the past 6 years of this DHS grant.  All 4 
courses were redesigned and restructured to include research projects compatible with the Undergraduate 
Research required by the Quality Enhancement Plan (QEP) being implemented at Johnson C Smith University 
(JCSU).  Due to the pandemic restrictions the reimbursement for some of the components of the DHS program 
was carried over from year 6 to year 7.  Project-supported courses and research-based learning were designed to 
introduce engineering, cyber expertise and data analytics to better understand coastal resilience problems and 
their potential solution.  The computers that were purchased from the DHS grant funds were used in teaching 
the DHS courses.  The aforementioned computers were also used in the research projects.  2 research projects 
involving one faculty member and 3 students each were conducted during each of the 2 semesters, Fall 2021 and 
Spring 2022.  In addition, 1-week and 4-week research camps were conducted during Summer 2022.  In the 1-
week camp 2 faculty supervised 11 students.   In the 4-week camp 3 faculty members supervised 3 students 
each. 
Due to the pandemic restrictions no guest speakers were invited to our university this year. 
 
II. PROJECT NARRATIVE:   
 

1. Project overview:   
− Two research projects were conducted during the Fall 2021 semester.  Each project was supervised by 

one faculty member.  Each project involved 3 students.  Each group produced a PowerPoint presentation 
and a report. 

− Three research projects were conducted during the Spring 2022 semester.  Each project was supervised 
by one faculty member.  One of the projects involved 2 students and the other two projects involved 3 
students each.  Each group produced a PowerPoint presentation and a report. 



 
171 

− During the Spring break a Python programming Bootcamp was supervised by one faculty member and 
involved 16 students.  

− One research camp was conducted for one week during the summer 2022 that was supervised by 2 
faculty members and involved 11 students.  The 11 students were divided into 3 groups.  Each group 
produced a PowerPoint presentation and a report. 

− Three 4-week research projects were supervised by one faculty each during summer 2022.  3 students 
were supervised in each project. 

− Two courses related to the DHS grant were taught during year 7. 
 
2. End users:   

Drs. Awatif Amin, Sabina Otienoburu, Suryadip Chakraborty, Felesia Stukes, and Ying Bai participated in 
the supervision of the research projects. 
The research projects involved 50 students altogether during the Fall, Spring and Summer semesters.  The 
students’ names are available upon request. 

3. Unanticipated Problems:  
COVID-19 restrictions somewhat affected the administration of the projects and partially delayed PI and 
Co-PI meetings with the university grant office personnel. 
Also, due to COVID-19 restrictions we were not able to invite guest speakers. 

4. Students and recent graduates:  
All the students who participated in the Fall, Spring and the Summer research projects were Freshman, 
Sophomore, and Juniors. 
a. Number of undergraduates –  

Fall 2021: 6 students in research projects. 10 students in GIS.  24 students in Career Preparation seminar 
I.   
Spring 2022: 8 students in research projects. 6 students in Data Mining.  24 students in Career 
Preparation seminar II. 16 students in Python Bootcamp.   
Summer 2022: 20 students in research projects.  

b. Percentage minority students – 100% 
c. Number of students graduated – 18 students graduated. 
d. Number of former students employed in resilience-related fields – N/A. 
e. Number of former students who went on to enroll in graduate-level programs – N/A. 

 
5. Theses and Dissertations:  

Two students used the material from their work on the DHS research projects in previous semesters as a 
basis for their Senior Investigative Papers (SIP).  The student’s names, SIP title, date of the SIP, and primary 
advisor are: 
− The student is Abdul Oumorou.  SIP title is Earthquakes In Japan.  Presentation date is November 2021.  

Advisor is Dr. Awatif Amin. 
− The student is Candice Jackson.  SIP title is Password Protection and Encryption.  Presentation date is 

November 2021.  Advisor is Dr. Suryadip Chakraborty. 
 
6. Project Impact and Relevance:   
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1. Students were exposed to the foundation and principal concept of natural disasters, the origination and 
impact of natural hazards and the risks associated with them. 

2. Students learnt about the core objective, mission and vision of the Coastal Resilience Center (CRC) and 
how their current study relates to the overarching goal of the CRC. 

3. Students studied some of the devastating disasters of the century and their socio-economic impact. 
4. The students studied some statistical report also learned the role and responsibility of global climate 

change and its impact in causing natural disasters in such severity. 

 
7. Institutionalization:  

The College of STEM, part of which is the Computer Science and Engineering (CSE) department, has the 
funds necessary to purchase the software needed for the computers used for the DHS related courses as well 
as the DHS research projects. 
a. Did you confirm a location, such as a department, center, or program within your institution where your 

project deliverables (e.g., courses, programs, certificates) can be maintained? 
Yes.  All the computers as well as the project deliverables are stored in one particular room in the CSE 
department. 

b. Who was involved in planning for institutionalization?  
The CoPI - Dr. Suryadip Chakraborty and PI - Dr. Ahmed Faik, as well as the college of STEM 
administration. 

 
 

III. EDUCATION ACTIVITIES AND TRANSITION MILESTONES 
 

Status as of 6/30/2022 

Education Activities Completion 
Date 

% 
Complete 

Explanation of why 
activity/milestone was not 

100% completed 

Activity 1 Description:  faculty mentored 
undergraduate research during Fall 2021 
and Spring 2022. 
In the Fall 2021, two Computer 
Science faculty members supervised 3 
students each in conducting research 
projects. 
In the Spring 2022, instead of only two 
Computer Science faculty members 
supervising 3 students each in 
conducting research projects, three 
faculty members conducted research.  
Two of the faculty supervised 3 
students each and the third faculty 
supervised 2 students. 
Students learnt how to use different 
software and data analytics techniques 
and gain knowledge in existing problems 
and potential solutions in the research 
area of coastal resilience. 
The students submitted a complete 

05/13/2022 100%  
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research report to the faculty 
mentor. 
The students will use the knowledge and 
skills learned from the research projects 
in their future career. 
Before the start of research projects, the 
students had the opportunity to discuss 
with the supervising faculty members 
potential research topics, which are aligned 
with the Coastal Resilience and Natural 
Hazards field.  Specific research topics are 
not predetermined. 

Activity 2 Description:  faculty mentored 
undergraduate research camp in the 
Summer 2022 semester. 
Two Computer Science faculty members 
supervised 11 (instead of 14 as I was 
mentioned in the Work Plan) students in 
conducting research projects.  During the 
summer research camp, the students 
engaged in meeting with the supervising 
faculty 5 consecutive full working days.  
None of the research projects are credit 
based. 
The students learnt how to use different 
software and data analytics techniques and 
gain knowledge in existing problems and 
potential solutions in the research area of 
coastal resilience. 
The students submitted a complete research 
report to the faculty mentor, and possibly 
presenting in academic conferences. 
The students will use the knowledge and 
skills learned from the research projects in 
their future career. 

05/20/2022 100% The activity was 
completed, however, 
only 11 students 
were enrolled in the 
research camp 
because we simply 
could not find 14 
students who can 
attend the camp. 

The following additional activities were 
not mentioned in the year 7 Work Plan. 

   

Activity 3 Description:  in the Spring 2022, a 
one-week (5 days) Python programming 
bootcamp for 16 students was supervised by 
one faculty member. 

03/25/2022 100%  

Activity 4 Description:  In the Summer 
2022, three Computer Science faculty 
members supervised 3 students each 
in conducting research projects that 
lasted 4 weeks.   
Students learnt how to use different 
software and data analytics techniques 
and gain knowledge in existing problems 
and potential solutions in the research 
area of coastal resilience. 
The students submitted a complete 
research report to the faculty 

06/24/2022 100%  



 
174 

mentor. 
The students will use the knowledge and 
skills learned from the research projects 
in their future career. 
Before the start of research projects, the 
students had the opportunity to discuss 
with the supervising faculty members 
potential research topics, which are aligned 
with the Coastal Resilience and Natural 
Hazards field.  Specific research topics are 
not predetermined 

Two DHS related courses were taught during 
the academic year. 

05/13/2022 100%  

Two 1-credit seminars were offered, one in 
Fall 2021 and one in Spring 2022. 

05/13/2022 100%  

Education Milestones    

Fall 2021: Students produced reports and 
PowerPoint presentations for each of the 2 
research projects mentioned 

11/30/2021 100%  

Spring 2022: Students produced reports and 
PowerPoint presentations for each of the 2 
research projects mentioned 

05/13/2022 100%  

Two of the papers produced by the projects 
conducted during the academic year 2021-
2022 were accepted for poster presentation 
in ACM TAPIA Conference that will 
presented in September 2022 in Washington 
DC. 

05/13/2022 100%  

Summer 2022:  in the 1-week project 
students produced reports and PowerPoint 
presentations  

05/20/2022 100%  

Summer 2022:  in the 4-week projects 
students produced reports and PowerPoint 
presentations 

06/24/2022 100%  

 
IV. ANNUAL COURSES AND ENROLLMENT NUMBERS 

 
 

Annual Courses and Enrollments 
PI:  Dr. Ahmed Faik 
PROJECT TITLE:  Preparing Tomorrow’s Minority Task Force in 
Coastal Resilience through Interdisciplinary Education, Research, and 
Curriculum Development. 
Course #: Course Title:  Geographic Information  Systems YR 7 
 Status: Developed (D), Revised (R), and/or Taught 

(T) 
T 
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Offering: Elective (E), Concentration (C), Minor (M) E 
Number of Students Enrolled 10 

 
Course #: Course Title:  Data Mining YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 
Offering: Elective (E), Concentration (C), Minor (M) E 

Number of Students Enrolled 6 
 

Course #: Course Title:  Career Preparation Seminar I YR 7 
Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) C 
Number of Students Enrolled 25 

 
Course #: Course Title:  Career Preparation Seminar II YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) C 
Number of Students Enrolled 24 

 
 

V. PUBLICATIONS 
 
Presentations: 
Dr. Suryadip Chakraborty, “Password Protection and Encryption”, ACM TAPIA Conference, Washington 
DC, September 7-10, 2022. 
 
Dr. Suryadip Chakraborty, “Cyber Attacks in Covid Era”, ACM TAPIA Conference, Washington DC, 
September 7-10, 2022. 

 
VI. PERFORMANCE METRICS 

 
 

Metric 
Number Description (where 

indicated) 

Internships hosted   Brief description 

Undergraduate students who received tuition / 
fee support / stipend  

34  

Graduate students who received tuition / fee 
support / stipend   

  

Undergraduates who received HS-related degrees    

Graduate students who received HS-related 
degrees  

 

  

Graduates who obtained HS-related employment    
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Journal articles submitted    

Journal articles published    

Conference presentations  2  

Other presentations, interviews, webinars   
Patent applications filed    
Patents awarded    
Trademarks/copyrights filed    
Requests for assistance/advice from DHS agencies   Brief description 

Requests for assistance/advice from non-DHS 
federal agencies or other levels of government 

 Brief description 

Total dollar amount of external funding $ How much was from DHS? 
How much was from 
other sources?  Brief 
description of each. 

Total number of milestones for reporting period    
Accomplished fully    

Accomplished partially    
Not accomplished    

 



 
177 

Meherun Laiju/ Tougaloo College   
DHS COASTAL RESILIENCE CENTER 

EDUCATION PROJECT 
YEAR 7 PROGRESS REPORT  

July 1, 2021 – June 30, 2022 
 

I. INTRODUCTION 
 
Project Title: Expanding and Strengthening the Institutionalized Multidisciplinary Certificate: 

Disaster and Coastal Studies (DCS) [second phase] 
 
Principal Investigator Name/Institution: Meherun Laiju, Ph.D.; Tougaloo College 
 
Other Partners/Institutions: Internal collaboration with Psychology, Sociology, Physics, Economics 

and Education Departments and External Collaboration with local 
Emergency Management Agencies 

 
Short Project Description: 
To enable Homeland Security related career and higher education pathways, the project focused on 
enhancing students’ skills and knowledge in conducting research, sponsoring interactive forums in high-
risk communities. The work has been done in collaboration with the local Emergency Management 
Agency and working with other Tougaloo College departments to include more elective courses in the 
certificate program. 
 
II. PROJECT NARRATIVE:   

 
1. Project overview:   
Tougaloo College’s first Multidisciplinary Certificate. Disaster Coastal Studies (DCS) program was 
institutionalized as a part of regular curriculum from Fall 2018. The 12 -credit hour DCS certification 
includes modified core courses and elective courses from Psychology, Sociology, Mass-Communication, 
Political Science, and the Natural Sciences. 
 
The DCS certificate provides a comprehensive curriculum which incorporates a multidisciplinary 
perspective in understanding the nature of disasters and the organizational issues inherent in the 
planning, preparedness, management, and mitigation of disaster events. The program also provides 
training in essential interdisciplinary technical skills such as Geographical Information Systems (GIS) 
and provides field experiences for students through internships with end users. The DCS certificate 
addresses the demand of the United States Department of Homeland Security (DHS) along with the local 
and state government needs for trained professionals in the area of disaster management. The DCS 
certificate program is designed to be inclusive of all disaster related stakeholders. In particular, the DCS 
program addresses an important threat to vulnerable populations and provides a qualified training and 
career pathway to the demography of students more representative of such susceptible populations, (who 
are underrepresented in disaster management fields). 
 
Year seven is a continuation to overcome year six’s setbacks (due to remote learning). To achieve the 
goal of strengthening and expanding the institutionalized DCS certificate program in year seven the 



 
178 

project launched three student centered activities and transitioned into the second phase of the 
community outreach initiatives.  
 

• Undergraduate student training for visualization and analysis of large-scale time 
series disaster/hazard datasets and case studies 

 
• Psychological effects of COVID-19 among survivors of natural disaster 

 
• Emergency Management Agencies’ personnel experiences of natural disaster 

preparedness during the COVID-19 pandemic in Mississippi 
 

• Shift from virtual to in-person interactive disaster preparedness forums in 
collaboration with local emergency management personnel with an understanding that 
these efforts will help to create more resilient communities with disaster preparedness 
knowledge. 

Project PI continued working with the Tougaloo College’s School of Education and Economics 
Department to develop/modify graduate and undergraduate courses so that students have more elective 
course options within the DCS Certificate. PI also worked with School of Natural Science to develop 
interdisciplinary degree program in Environmental Science. The program received the Faculty Senate’s 
approval and will start from Fall of 2022. PI worked with a team appointed by the College President and 
contributed to writing the proposal Tougaloo College and the Quest for Social Justice in Healthcare. 
The proposal was submitted to the Gilead Sciences foundation and received $ 1,000,000.00 funding for 
three years. The award is for the School of Social Science and one of the goals is to develop an 
Environmental Justice degree program. The DCS certificate courses will be part of the Environmental 
Justice degree program. In collaboration with NSD, PI also submitted a proposal Toward Health Equity for 
Black People Impacted by Triple – Negative Breast Cancer in December. The proposal was submitted to 
Gilead Sciences Foundation and received $350,000.00 funding for 18 months. Both grant’s money will 
be supporting students pursuing the DCS certificate.   
 
During the seventh year, student centered activities, community engagements, and collaboration 

with other disciplines helped enhance the Multidisciplinary Certificate: Disaster Coastal Studies 
(DCS). The success of the DCS certificate program has the potential to be used as a model to 
emulate disaster management programs at other organizations and help to diversify Homeland 
Security's workforce with skilled personnel. 
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2. End users:   
 

End User Agency/Employer Project Role 

Wes Holsapple, II Health Care Coalition and 
Training Coordinator 

Mississippi State Department 
of Health (MSDH), Office of 

Emergency Planning and 
Response (OEPR) 

Consultant and coordinator 
of community Outreach 

Forum, and Intern placement 

Jana Henderson, CFM Office of Mitigation Director 
Mississippi Emergency 
Management Agency 

(MEMA) 

Instructor DCS 320, Place 
Interns, Advisory Board, & 

help in Community Outreach 
Forum 

Dr. Carmen Lewis Assistant Professor 
Psychology Department, TC 

Instructor of DCS/NSD 201 
course will mentor students 

research project 

Dr. Santanu Banerjee Professor, 

Physics Department, TC 

Instructor of DCS/PSY 328 
course will mentor students 

research project 

Dr.Shaila Khan Professor 
Psychology Department, TC 

Instructor of DCS 400 course 
will mentor students research 

project 

 
In Year 7, the project collaborated with Mississippi Emergency Management Agency (MEMA) and the 
Mississippi State Department of Health (MSDH), Office of Emergency Planning and Response (OEPR). 
Jana Henderson, Mitigation Director of MEMA taught DCS 320: Emergency Preparedness and Response 
course in Fall 2020.  Students enrolled in DCS 400: Internship course also completed the internship 
requirements under the supervision of Ms. Henderson.  
Mississippi State Department of Health (MSDH) Office of Emergency Planning and Response (OEPR) 
Health Care Coalition and Training Coordinator, Mr. Wes Holsapple, worked as a project consultant. He 
coordinated four education forums geared towards At-Risk communities that require capacity building to 
improve their community’s resilience for the ability to withstand and recover from disasters. Mr. Holsapple 
partnered with agencies and organizations established within these target communities who are already 
providing other types of support and services to these communities.  
Training facilitators pull from their real-life experiences as well as from the training and certifications 
received in their roles in emergency preparedness and management. The goal of these forums is to offer the 
opportunity for the community leaders and interested citizens to be trained as first responders, which will help in 
preparing resilient communities. 
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The Community Outreach education forum sessions pictures:  

 
 

3. Unanticipated Problems:  
Tougaloo is a small historically black liberal arts college and serves around nine hundred students. During the 
2021-2022 academic year, enrollment dropped to around six hundred. The low enrollment also effected 
recruiting new students for the program. Simultaneously, due to COVID-19, the project encountered the same 
challenges in Year 7 that were faced during Year 6. Tougaloo College continued remote learning in Fall 2021 
and & Spring 2022 for classes with students over 15 which effected recruitment.  We also had to cancel the 
DCS symposium. The intern students were not able to complete their field practicum in person. Using Zoom, 
the instructor incorporated case studies (scenarios) with the students and did a combination of in person and 
virtual class.  
4. Students and recent graduates:  

Tougaloo College is a historically black undergraduate institution, 99% of the student body is African American 
and full-time students. In Year 7, a total of 6 courses were offered:3 core requirements and 3 electives. There 
were 44 students who took courses offered by the certificate program: 10 were DCS students and 34 used these 
courses as an elective to count towards degree requirements. This academic year, 4 students completed the DCS 
certificate. The graduate’s make-up is: 3 females and 1 male; 2 student from STEM and 2 from Social Sciences. 
Out of the 4 students, 2 students accepted and will start graduate programs (Environmental Health, Criminal 
Justice). 1 STEM major completed the certificate did not complete the major requirements.  
 
 

                                                                
Desiree Gift Mills: Biology Major        Adam Carmichael: Sociology Major 
UC Irvine, PhD in Environmental Health Science   William Carey, MA Criminal Justice    
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5.Project Impact and Relevance:   

In year Seven, four students graduated with the Multidisciplinary Certificate Disaster Coastal Studies (DCS). 
Three of the graduates were accepted to graduate programs. Due to family issues, one of the graduates will start 
graduate school in 2023- 2024, and one will complete the major requirements in fall. 
 

                                                  
Nakyah Hill (Psychology Major)          Desiree Gift Mills: (Biology Major) 

 

                                
Adam Carmichael (Sociology Major)   Tashana Irving (Mathematics Senior) 
                [Completed the certificate, graduate in December22] 
 
The multidisciplinary certificate Disaster Coastal Studies (DCS) curriculum included three DCS minor courses 
as core requirements and one elective course. The elective courses were adopted from participating departments. 
These departments modified one of their required electives to be part of the certificate program. The modified 
elective courses include content, assignments, and field experts as guest lecturers to address natural disasters 
and building/strengthening community resilience.  
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The curriculum also exposed students not pursuing the certificate to the field of natural disaster, resilience, 
and skills in GIS. Students who are pursuing the DCS certificate are guided by the instructor to conduct 
research in the field of disaster resilience, publish their findings, and attend national conferences to present 
the findings. Students must complete 40+ hours of field work with local, state, federal agencies, or NGOs in 
the DCS 400 Internship course.  Students must also write reflective papers about their field experience and 
must. critically review selected journal articles and make presentations.  
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Christy Griffith, Amaraha Payne, & Akia Sherrod (2022) Health Disaster Preparedness During Covid- 19 
Pandemic in Mississippi, presented at 86th Annual Mississippi Academy of Science (MAS) Meeting on 
March 30th at Biloxi, 
 

         
Kaldrian Moore (2022) Electronic Avian Pest Deterrent Device to Assist Catfish Farmers Impacted by 
Flooding Presented at 85th Annual Mississippi Academy of Science (MAS)Meeting on August 6th at Biloxi. 

[3
rd.

Place Award among MS undergraduates’ participants]  
 
7 Institutionalization:  

 
The DCS certificate program was executed in Fall 2018 as part of Tougaloo College Curriculum Career 
Pathways. The Multidisciplinary Certificate is housed in the School of Social Sciences and operates under the 
umbrella of Career Pathways/ Career Services. The School Dean, in collaboration with the Career 
Pathways/Career Services Director, oversees monitoring the certificate program. The institutionalization process 
involved collaboration with different disciplines, modifying courses, incorporating elective courses from other 
disciplines, and designing a self-sustaining Multidisciplinary Certificate Program. To be a self-sustaining 
program, the twelve credit-hour certification curriculum incorporates the existing elective courses from different 
disciplines (see Curriculum table). One of core required course, DCS 201: Intro to Natural Disaster, was 
adopted by the School of Natural Sciences, co-listed as NSD 201, and offered by the School of Natural Sciences 
as an elective requirement. Mississippi Emergency Management Agency (MEMA) personnel currently teaches 
another core requirement (DCS 320: Emergency Preparedness and Response) as adjunct faculty. Academic 
Affairs agreed to pay the adjunct salary if the enrollment in the course is 8-10 students after 2020. Also, project 
PI received funding which can support the adjunct instructor’s salary.  Tougaloo College rolled out Bachelor of 
Social Work (BSW) as a degree granting program in Fall 2018 and the DCS certification is included within the 
BSW degree program as an option of specialization. Year 6, the project took initiatives, in collaboration with 
the existing end-users - as well as establishing collaboration with FEMA, Mississippi State Department of 
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Health (MSDH), Office of Emergency Planning and Response (OEPR), Mississippi Department of Child 
Protection Services (MDCPS), and other private agencies which deal with emergency management. The project 
placed interns and invited personnel who worked as field experts to teach classes/be guest lecturers. The 
program also invites emergency management agency personnel to participate in the Tougaloo College job fair to 
help DCS graduates’ recruitment. In Year 6 & 7, PI started dialog with the School of Education to incorporate 
courses within the DCS Certificate which will strengthen and prepare future K-12 teachers with skills to address 
natural disasters. PI collaborated with School of Natural Science to develop interdisciplinary degree program in 
Environmental Science.  The DCS core courses were incorporated in the new Environmental Science degree 
program. The program received the Faculty Senate’s approval and will start from Fall of 2022.  PI received 
other funding which will help design and develop an Environmental Justice degree program within the social 
sciences. The DCS certificate courses will be part of this new degree program.  All these initiatives will help 
strengthen and sustain the certificate program beyond 2022.  

 
 
 
    

 
DCS students (in-person class) 
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III.  EDUCATION ACTIVITIES AND TRANSITION MILESTONES 
 

Status as of 6/30/2022 

Education Activities Completion 
Date 

% 
Complete 

Explanation of why 
activity/milestone was not 

100% completed 

Activity 1: Undergraduate student training for 
visualization and analysis of large-scale time series 
disaster/hazard datasets and case study. 

June 2022 100%  

Activity 2: Psychological Effect of COVID 19 
among Survivor of Natural Disaster 

June 2022 75% Due to late IRB approval  

Activity 3: Emergency Management Agencies 
personal experience of natural disaster 
Preparedness During COVID-19 Pandemic in 
Mississippi 

June 2022 75% Due to late IRB approval 

Activity 4: Phase II of Community Outreach 
Forum (2 in fall & 2 in spring) 

June 2022 100%  

Education Milestones    

Activity 1, 2, & 3 will strengthen the DCS 
curriculum, students will have opportunity to 
develop research skills, knowledge of disaster 
related literature, participate at national 
conferences, prepared graduate program in the 
field, and will help to diversify Homeland 
Security's workforce 

June 2022 100%  

Activities 4 will help to publicize the DCS 
program as well as opportunity for the students 
enrolled in the DCS certificate to learn how 
they can help to build community resiliency 

June 2022 100%  

 
 
 
IV. ANNUAL COURSES AND ENROLLMENT NUMBERS 
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Annual Courses and Enrollments 
PI: Meherun Laiju 

PROJECT TITLE:  Expanding and Strengthening the Institutionalized Multidisciplinary 
Certificate: Disaster and Coastal Studies (DCS) [second phase] 

 

Course #: Course Title: NSD/DCS 210 Intro to Natural & manmade 
Disasters 

YR 7 

 Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) Certificate  

Number of Students Enrolled 10 

 

Course #: Course Title: DCS 320 Emergency Preparedness & 
Response 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) Certificate 

Number of Students Enrolled 10 

 

Course #: Course Title: DCS 400 Internship YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) Certificate 

Number of Students Enrolled 1 

 

Course #: Course Title: PSY 328 Health Psychology in Disaster 
Preparedness 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) E (Certificate) 

Number of Students Enrolled 8 
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V.PUBLICATIONS 
 
Abstract Published: 
 

Christy Griffith, Amaraha Payne, & Akia Sherrod (2022) Health Disaster Preparedness During Covid- 
19 Pandemic in Mississippi, Journal of Mississippi Academy of Sciences Vol 67 number II, Page 
172; abstract # 012.04   

Kaldrian Moore (2022) Electronic Avian Pest Deterrent Device to Assist Catfish Farmers Impacted by 
Flooding, Journal of Mississippi Academy of Sciences Volume 66 number I,  

 

 

Course #: Course title: POL 317 Public Policy & Legal Issues in 
Disaster Management 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) E (Certificate) 

Number of Students Enrolled 6 

  

Course #: Course title: SOC /SWK Social, Community, 
Organizations & Disaster Preparedness 

YR 1 YR 2 YR 3 YR 4 

 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) E  (Certificate) 

Number of Students Enrolled 6 

  

Course title: COP211 Public Relations Writing YR 7 

Status: Developed (D), Revised -R, and/or Taught (T) T 

Offering: Elective -E, Concentration -C, Minor - M E (Certificate) 

Number of Students Enrolled 3 
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Presentations: 

Christy Griffith, Amaraha Payne, & Akia Sherrod (2022) Health Disaster Preparedness During Covid- 
19 Pandemic in Mississippi 86th Annual Mississippi Academy of Science (MAS)Meeting on March 30 at 
Biloxi, MS; Coastal Resilience Center (CRC) 7th Annual Meeting on March 29 (Virtual) 

 
Kaldrian Moore (2022) Undergraduate student training for visualization and analysis of large-scale time 

series disaster/hazard datasets - Case study: County wise spread of Covid-19 cases and fatalities in 
Mississippi. Coastal Resilience Center (CRC) 7th Annual Meeting on March 29 (Virtual) 

 
Kaldrian Moore (2022) Electronic Avian Pest Deterrent Device to Assist Catfish Farmers Impacted by 

Flooding, 85th Annual Mississippi Academy of Science (MAS)Meeting on August 6 at Biloxi, 
3rd.Place Award among MS undergraduates’ participants 

 
 

VI. PERFORMANCE METRICS 
 

Metric 
Number Description (where 

indicated) 

Internships hosted   Brief description 

Undergraduate students who received tuition / fee 
support / stipend  

12 Worked on 
research project 

Graduate students who received tuition / fee 
support / stipend   

NA  

Undergraduates who received HS-related degrees  4 Certificate (DCS) 

Graduate students who received HS-related degrees  

 

NA  

Graduates who obtained HS-related employment  NA  

Journal articles submitted    

Journal articles published  2 Abstract (MAS) 

Conference presentations  2 MAS 

Other presentations, interviews, webinars -  

Patent applications filed  -  

Patents awarded  -  

Trademarks/copyrights filed  -  

Requests for assistance/advice from DHS agencies  - Brief description 

Requests for assistance/advice from non-DHS 
federal agencies or other levels of government 

- Brief description 
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Total dollar amount of external funding $1million 
$350,000  

 

 

 

$1,000,000.00 (GILED); 
$350,000 (GILEAD)  

 

Total number of milestones for reporting period  6  

Accomplished fully  4  

Accomplished partially  2 Late IRB approval 

Not accomplished  0  
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PI-Ismael Pagán Trinidad / University of Puerto Rico at Mayagüez 
Carla López del Puerto and Raúl Zapata López, Co-PI’s 

 
DHS COASTAL RESILIENCE CENTER 

EDUCATION PROJECT 
YEAR 7 PROGRESS REPORT  

July 1, 2021 – June 30, 2022 
 

I. INTRODUCTION 
 

Project Title: Education for Improving Resiliency of Coastal Infrastructure” -Year 7: UPRM-CRC 
INTERACTIVE LEARNING HUB (UPRM-CRC IL-HUB) 
 
Principal Investigator Name/Institution: Ismael Pagán Trinidad, Professor and Director; Carla López del 
Puerto, Professor in Construction Engineering Raúl E. Zapata López, Professor and Associate Director; 
Department of Civil Engineering and Surveying 
 
Other Partners/Institutions:  
 
Resources, Faculty at the Department of Civil Engineering and Surveying, other faculties at UPRM and 
externally that have participated  
 
Department of Civil Engineering and Surveying Faculty: 
Ingrid Padilla, PhD, Professor (Environmental Engineering), and Special Assistant to UPRM Chancellor; 
Francisco Maldonado, PhD, Professor (Construction Costs), Lead for Construction Estimates and 
Validation; Jorge Rivera Santos, PhD, Professor (Hydrology and Hydraulics), Director-Water Resources and 
Environment Research Institute; Walter Silva, PhD, Professor (Hydrology  and Hydraulics), Associate 
Director-Water Resources and Environment Research Institute; Benjamin Colucci, PhD, Professor 
(Transportation Engineering), Director-Transportation Technology Transfer Center and Editor of the 
International Journal of Natural Disasters, Accidents and Civil Infrastructure; Alberto Figueroa, PhD, 
Professor (Resilient Transportation Infrastructure Design); Luis Aponte, PhD, Professor (Wind Engineering); 
Ali Saffar, PhD, Professor (Reliability and Resilience Engineering Analysis and Design); Alesandra 
Morales, PhD, Professor (Geotechnical Engineering), Director, Geotechnical Laboratory; José Guevara, 
PhD, Professor (Rehabilitation of Coastal Infrastructure); Pedro Tarafa, PhD, Professor (Environmental 
Engineering- Water, Air and Solid Waste Pollution); Luis Suárez, PhD, Professor (Structural Dynamics); 
José Martínez Cruzado, PhD, Professor (Structures-PR Strong Motion Program), Beatriz Camacho, PhD, 
Associate Professor ( Geotechnical Engineering), Carlos Rodríguez, PhD, Professor ( Biology), Luisa 
Guillemard, PhD (Social Sciences) 

 
Other UPRM Partners:  
 
Dr. Cecilio Ortiz and Dr. Marla Pérez, INESI (Instituto Nacional de Energía y Sostenibilidad Isleña, 
“National Institute on Energy and Island Sustainability”) and RISE Initiative; José Cedeño, PhD, Resilient 
Electric Infrastructure;  Stephen Huges, PhD, Professor, Geology Department (Landslides and Soil Erosion), 
Víctor Huérfano, Director, PR Seismic Network ( Seismicity); Dr. Víctor J. Rivera, Professor, Hispanic 
Studies Department, NTHM-PR (Tsunami Group); Miguel Canals, PhD, Professor (Ocean and Coastal 
Engineering), PI-CARICOOS Project, Department of Materials Science and Engineering; Department of 
Electrical and Computer Engineering; Lionel Orama, PhD, Professor (Alternative Energy Sources, 
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Renewable Energy, and Microgrids), Electrical Engineering Department; Ruperto Chaparro, MS, Director 
and Lillian Ramírez, MS, Administrator, PR Sea Grant Program; Eric Harmsen, PhD, Modeling of 
Basinwide Hydrological and Drainage Processes for Agricultural Applications; and Ricardo López, PhD, 
Structural Engineer, Retired and Adjunct Professor. 

 
Agency Partners/ Collaborators:  
• Humberto Cavallín, PhD, School of Architecture, RISE-UP Program- Partner. University of Puerto Rico , 

Río Piedras. 
• Dianfel Vázquez, PhD, Department of Engineering, RISE-UP Program- Partner. University of Puerto Rico 

– Ponce.  
• Dr. Ada Monzón, President, Ecoexploratorio de Puerto Rico.     
• Ernesto Díaz, MS, MEM, Caribbean Regional Manager, Tetra Tech, Inc., Coordinator, PR Climate 

Change Council and Partner,  
• PR Department of Transportation and Public Works and the State Highway and Transportation 

Authority, Hon. Eileen Vélez, Secretary.   
• ASABE: Dennis Flanagan, Johnny Grace, Megh Goyal, Annual International Conference. 
• University of Texas -Austin: Dr. Carlos Ramos 
• FEMA, Luis Villanueva 
• Texas A&M-Galveston:  Dr. Yoonjeong Lee 
• EPA (Mehta-Sampath, Ameesha) and PR Chamber of Commerce (Jeannette Vázquez):  EPA-

led Healthy Buildings Long-term Recovery Initiative (Homes/Public Housing/Schools/Buildings), PI is a 
Member of the Puerto Rico Healthy Building Task Force.  

• EPA (Mehta-Sampath, Ameesha), “Innovative research project to increase radon monitoring capacity 
in Puerto Rico”, UPRM-CRC as partner in this initiative. 

• David Pittman, Patrick Deliman, Carlos Ruiz, Evelyn Villanueva, Rumanda Jones, “Educational and 
Research Partnership (ERPA)”, ERDC-US Army Corp of Engineers 

• PR Emergency Management Agency and USA FEMA 
• Association of Professional Engineers of PR 
• CRB (Community Resilient Building) 
• RE-IMAGINE Puerto Rico 
• Other Collaborators:  PR Department of Natural Resources, PR Sewer and Sewer Authority, USDA 

Forest Service (Manuel Matos), Sociedad Puertorriqueña de Planificación, The Nature Conservancy, 
Centro para la Conservación del Paisaje, Programa del Estuario de la Bahía de San Juan, US Fish 
and Wildlife 

 
CRC Partner Researchers  
 
Gavin Smith, PhD, Professor, PI- NCSU North Carolina State University 
Dan Cox, PhD, Professor, PI-Oregon State University 
Robert Whalin, PhD, Professor, CRC PI-Jackson state University 
Tom Richardson, PhD, Professor, PI-Jackson State University 
John W. van de Lindt, Ph.D., Co-Director, Center for Risk-Based Community Resilience Planning,  
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Short Project Description:  
The Year 7 proposal focuses on continuing the institutionalization of previous years’ activities by means of 
creating the “UPRM-CRC Interactive Learning Hub.” From here on, the UPRM- CRC IL-HUB. The 
UPRM-CRC IL-HUB has been fully implemented and has achieved automatization of remote and in-person 
access to learning possibilities by developing a platform in which participants can access interactive learning 
material, keep track of their completed course contact hours and the automatic issuing of certificates of 
participation both for individual activities and cumulative certificates of achievement. The UPRM-CRC IL-
HUB also serves as a repository of self-directed learning and reference materials on resilience, coastal 
infrastructure and natural hazards. Constituents from both the formal and informal education components of 
our program have benefited and will continue to benefit from the UPRM-CRC IL-HUB.  
 

II. PROJECT NARRATIVE:   
 

1. Project overview:   
 

Year seven (7) work focused on building upon the first six (6) years’ accomplishments for supporting the 
educational needs for the long-term permanent reconstruction of Puerto Rico. Local communities continue to 
face unprecedented social, environmental and economic challenges. These communities continue lacking 
sustainable and resilient critical infrastructures (e.g., housing, water, access to reliable and cost effective power 
supply, appropriate and safe roads and accesses, reliable natural or built drainage systems, communication 
network, etc.) which are subjected to continuous natural hazards like hurricanes (winds, torrential rainfall, 
erosion, riverine and urban floods, nuisance floods, landslides), earthquakes (tsunamis, landslides, soil 
liquefaction), coastal floods (waves, hurricane storm surge, winter swells, astronomical tides), and droughts 
that result in risks of property and life losses. Due to the slow reconstruction process in Puerto Rico, most of 
the critical infrastructure continues to be extremely deteriorated, was built with outdated codes and regulations 
and is poorly maintained. There are many structures that were informally built or were built with outdated 
codes and regulations which do not comply with current engineering standards (Puerto Rico's 2018 building 
code represents a significant revision from earlier versions). Forty-four municipalities, including most of the 
major cities, are located in coastal areas. The rest are in steep lands, exposed to landslides, soil instabilities, 
erosion, and excessive humidity. The whole Island is exposed to extreme earthquakes. Nearly half a million 
people live in flood prone zones. Geotechnical challenges are frequently encountered. Most recently 
widespread fires also aggravated the state of the natural ecology which affect runoff and flooding potential. 
The project continues supporting the multi-hazard capacity building (MHCB). Our ultimate goal is to help our 
stakeholders recognize and understand the multi-hazards Puerto Rico is exposed to and continue to educate 
the current and future workforce which is expected to work in the reconstruction of Puerto Rico´s 
infrastructure. 
 
Year seven (7) project had the main goal to continue the institutionalization of the activities that have been 
implemented during the first six (6) years as they were partly presented in the CRC Year Six (6) Annual 
meeting of the project and the activities that were developed during the past year to support the development 
of the multi-hazard resilience workforce education program and updating it to assist in the long-term 
reconstruction of Puerto Rico. The web-based UPRM-CRC IL-HUB hosted by the existing Civil 
Infrastructure Research Center (CIRC) at the Department of Civil Engineering and Surveying at UPRM 
platform. The CIRC, a department research administrative unit manage projects related to civil infrastructure, 
resilience, natural and technological hazards, and education. COVID-19 pandemic forced us to move all of 
our Center´s training from in-person to virtual. Providing virtual training had a positive impact on the number 
of participants that we can reach due to the benefits to participants of virtual training such as flexibility, lack 
of travel costs, and increased accessibility. The UPRM-CRC IL-HUB allowed us to have one place for all 
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the courses, webinars, seminars, workshops and other materials that we currently have and will continue to 
develop. It also helped us identify and access other websites and initiatives that can support our stakeholders 
find solutions to their problems. The UPRM-CRC IL-HUB is accessed through individual password 
protected accounts which allows participants to watch and participate in interactive presentations, and answer 
questions along the duration of the videos to assess learning and track training hours. The UPRM-CRC IL-
HUB automatically issues certificates based on contact-hours achieved. The UPRM-CRC IL-HUB helps to 
institutionalize the long-term permanence of operational activities and leadership on capacity building at 
UPRM which will act as a partner supporting many other initiatives within and outside the university. The 
UPRM-CRC IL-HUB contributes to position UPRM as a leader in multi-hazard education and preparedness 
to face expected future catastrophic events in Puerto Rico and elsewhere. 

 
The UPRM-CRC IL-HUB serves as a mechanism to preserve, store and retrieve the learning materials the 
project has gathered, produced, provided, accessed, or identified during previous years. It will also be available 
to our partners as a reference site which will serve as an engine to facilitate access to readily available 
information. The first level of education at the UPRM-CRC Project was to provide direct in-person instruction 
including classroom classes, “conversatories" (panels), workshops, conferences, and lectures. The second 
level of education added web-based information and remote instruction/learning experiences which included 
webinars and courses. The proposed third level of education addresses the automation of teaching/learning 
activities developed in previous years. This provides flexibility, better accessibility, continuity to the UPRM-
CRC learning activities, commodity to our constituencies and increase institutionalization. It will also help 
expand access to participants and institutions that otherwise may not have access to the CRC activities. 

 
 
2. End users:   
The end users served during the first six (6) years plus new users were targeted  to participate in the  CRC educational 
series.  Special efforts were focused to attract individual end users with the objective to continue achieving a 
significant number of contact hours on multi-hazards trainings, education and experiences.  Figure 2.1 
shows a Summary of the Distribution of End Users Participation in the UPRM-DHS CRC during the whole 
project period and during Year 7. Figure 2.2  shows a timeline of the number of activities and certificates 
issued by the UPRM-DHS CRC. Figure 2.3 the distribution of participants in the UPRM-DHS CRC by 
sectors.  
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Figure 2.1 Summary of the Distribution of End Users Participation in the UPRM-DHS CRC Educational 
Activities (2016-2022) 

   

Figure 2.2  Summary of Number of Activities and Certificates Issued by the UPRM-DHS CRC 
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Figure 2.3  Distribution of Participants in the UPRM-DHS CRC by Sectors 

  

Since August of 2016, the program has trained 2973 participants for a total of 17558 contact hour-
person. The program has awarded a total of 4608 certificates of participations as follows: 486 certificates 
to participants who have completed 10 contact hours of trainings; 149 certificates to participants who 
have completed 20 contact hours of trainings; and 62 certificates to participants who have completed 
over 30 contact hours of trainings. The end users are distributed as follows: 44% Students and Faculty; 
19% Professionals; 16% Government; and 21% Community. It is our intention to attract more external 
end users to achieve one of our priorities which is to retrain the workforce  needed for the expected 
reconstruction of the Island in the short-term and long-term while we are also developing the students 
(future professionals) that will daily operate and maintain the infrastructure. These statistics reflect a 
significant increase in participation.  They also show a significant increase in the participation of the 
community sector.    

Table 2.1 shows End Users and their generic roles in the Center’s activities.   
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Table 2.1: Users and their roles  
 

End Users 
(Multi Hazard 
Capacity Building) 

Role of Participation in Year 7 Project Extension 

Students Trainee; Interns; Undergrad/grad new knowledge and research 
experiences on MHCB topics along their engineering curriculum. 
Involve or support students’ organization and student leaders in CRC 
orientations and activities. 

Faculty Trainers/Teachers in courses, seminars, workshops; MHCB leaders; 
Project Advisors; Course content evaluators; Seek external funding 
and reinforce efforts to develop research and development in Multi- 
hazard activities. 

Professionals Trainee; Trainers; Advisors; Providers of lessons learned; Survey 
responders for priority needs 

Researchers from 
CRC and other 
MHCB 

Advisors on course/seminar/workshop contents (breadth and depth); 
providers of internship opportunities; recruiters of students for 
graduate school; Trainers/lecturers; advisors 

General Responders Trainee; Trainers; Survey responders on priority needs; 

UPRM Partners Leverage; Support; Trainers; Collaboration 

Government 
Executive and 
Legislative branches 

Leverage; Support; Advice; Trainees 

Non for profit, private 
and community 
groups 

Technical support and advice, participation as members of working 
groups, facilitate presenters and provide lecturers. Share their 
initiatives on the reconstruction efforts in Puerto Rico 

Other CRC Partner 
Universities and 
Centers 

CRC partners and their stakeholders will equally have access to the 
UPRM-CRC IL-HUB repository, particularly the USA bilingual 
community (Spanish and English) for which we will intend to provide 
closed-caption in Spanish or English, as necessary. 
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End User’s requirements 
 

End user requirements have not been altered much from the years 1-6 proposal. However, the 
permanent federal plans for the sustainable and resilient long-term reconstruction of Puerto Rico 
are facing a scarcity of specialized professionals and there is a need to continue the training of the 
local work force to assure that any investment that is made contributes to developing a qualified 
workforce. The project helps create a one stop location to access educational materials which will 
provide opportunities to motivate, attract, maintain, and develop the long-term pipeline of future 
new generation of professionals (undergraduate students) with expertise in multi-hazard risk 
analyses, design, and management. 

 
3. Unanticipated Problems:  

COVID-19  recovery still ongoing:  Although the pandemic most critical impacts have been 
mitigated and several  in-person activities have resumed with some new normality at the beginning 
of academic year 7, the university had to switch to remote and hybrid classes in the middle of the 
first semester due to COVID-19 Omicron variant spike. The second semester started remotely and 
hybrid, then transitioned to more in-person classes. The challenged imposed by the spike of 
COVID-19 cases alternated the normal Center working plan during that semester and delayed 
some of the planned activities.  

 
4. Students and recent graduates:  

 
Table 4.1 summarizes the demographics of students impacted in CRC-supported courses during 
Year 7. It does not include students participating in the webinars and other Center’s activities. 
 
Table 4.1  Demographics of CRC students impacted by the CRC. 
 

a.Number of undergraduates, graduates, 
working professionals 

No Grad 

i. Capstone INCI 4950-Carla/IPT 65 65 
ii. Water Resources Engineering INCI 

4138-Zapata 
55   

iii. Special Problems/Undergraduate 
Research INCI 5996/INCI 4998/INCI 
6995 IPT 

24 
 

iv. INCI 6995 - Special Problems  
 State of Practice in "Nature-Based (Inspired) 
Solutions to Coastal Erosion Problems" 

 

1   

v. INCI 4998  
Best Management Practices to Control the Effects of 
Humidity at Martín Peña Residential and Non-
Residential Buildings  

1 1 

vi. INCI 5996/INCI 6995 Special Topics –   8   
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Resilient design 
vii. INCI 6065-ME Project 2 2 

viii. INCI 8999_Dissertation 2 1 
ix. Others-Rise Up (Carla) – INCI 4147  
Fundamentals of Resilient and Sustainable 
Infrastructure (Floods module + case studies) 

 31   

 Total number of students 189 69 
b. Percentage minority students     100%   
c. Number of students graduated   69   
d. Number of students employed in 

resilience-related fields  
3 of 
those 
working 
directly 
with the 
projects 

  

e. Number of students who enrolled in 
graduate-level programs 

 Various 
unknown  

  

 
 

5. Theses and Dissertations:.  
Name Alexander Molano (MS)* 
Institution UPRM 

Title 
Transportation Resilience Against Extreme Natural 
Hazards: PR-2 Corridor in Western Puerto Rico 

Date Jun-22 
Department Civil and Surveying Department 

Advisor 
Dr. Benjamín Colucci-Advisor  (Ismael Pagán Trinidad-
Committee Member) 

    
Name Nelson Cordero (ME)* 
Institution UPRM 

Title 

Assessment of Hurricane Vortex and Boundary Layer 
Models for the Development of Wind Pressure profiles 
and Fields 

Date Jul-22 
Department Civil and Surveying Department 

Advisor 
Ismael Pagán Trinidad-Advisor (Raúl Zapata, Committee 
Member)  

  
Name Ivelisse Ramos (PhD)* 
Institution UPRM 
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Title 

Evaluation of Drivers' Behavior and Its Relation with the 
Workers' Safety in Highway Construction Using a Driving 
Simulator (In Spanish)  

Date Jun-22 
Department Civil and Surveying Department 
Advisor Dr. Didier Valdés 
  
Name Yesenia Franqui* 
Institution UPRM 

Title 
N/A - Worked on the development of the UPRM-CHS IL-
HUB 

Date Jun-22 
Department Civil and Surveying Department 

advisor 
Dra. Carla López del Puerto- Advisor (Raúl Zapata, 
Commmittee Member)  

* Sponsored by the CRC project or CRC  project leverage  
  

6. Project Impact and Relevance:   

6.1 Lecture and Case Studies in course INCI 4147  
 
A 3-hour long “Basin-wide Flood Multi-hazard Risks” lecture introduced flood disaster risk in 
Puerto Rico. It discussed flood prone areas focusing on areas impacted by flood multi-hazard. The 
students were able to witness evidence of flood hazard impacts and the challenges and solutions 
that are implemented at existing locations in Puerto Rico and beyond. The lecture also included an 
explanation of the basin-wide concept when dealing with floods. Flood hazard mapping and 
examples of flood risks to the built infrastructure were covered. After the lecture, students were 
divided into groups and tasked to conduct literature reviews and develop case studies with the goal 
of sensitizing and informing them about flood hazards in a coastal community. Students were 
divided into six teams of five students each. Each team was comprised of students from the three 
participating campuses which ensured that students at different stages of their undergraduate 
degrees and students who are pursuing bachelor’s degrees in environmental design (architecture) 
and engineering would work together towards the common goal. The teams were required to use 
a case study approach to study the impact of floods in urban areas of Puerto Rico, focusing on 
cases of floods generated by atmospheric events.   
The teams were tasked with selecting and defining the characteristics of the problems to be studied. 
To encourage discussion and brainstorming among teammates, the instructors provided examples 
of approaches in which students could focus on. For example, students were given the option to 
focus on a specific event associated with floods, they could also focus on how flooding affects a 
specific structure, or on the actions of a particular community in dealing with a flood event.  
An important criterion that students were asked to keep in mind when selecting the case study 
approach was why the case was relevant to study. The following questions were provided to assist 
students in assessing the relevance of their chosen topic: Can we learn something about what 
happened? What to do or what not to do in future atmospheric events? How can we prepare from 
the perspective of our disciplinary areas to tackle this or similar problems? Is there an important 
success / failure story that deserves to be recorded as a lesson learned for future events?  
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6.2 General Description of the Comprehensive Civil Engineering Design Project (CE Capstone-
INCI4950)  
 
Groups of about ten (10) senior civil engineering students are required to plan, analyze, and design 
a comprehensive, multidisciplinary, open ended civil engineering urban complex project. It is 
expected to complete a thorough design by applying engineering design fundamentals and 
specialized engineering methodologies learned throughout the Civil Engineering curriculum to 
satisfy the requirements of a Capstone Course. Students and faculty may face situations which 
will require specialized engineering techniques and methodologies beyond the contents of regular 
course work. In those instances, students consult the faculty assigned to the course. The most 
appropriate methodologies and engineering tools for the design tasks will be identified with the 
help of the faculty.  
 
Students will be given a site, the needs, the constraints, and the requirements for the civil 
engineering comprehensive design project. The project requires realistic and feasible solutions.  
 
Guidelines provided by faculty in the course are available in internet through the institutional 
Moodle (online.upr.edu) platform. It is required to visit the website to access all references and 
documents available. Should students have questions, they consult  professor or assistants to help 
guide each student to the appropriate references or guidelines. Students must be aware and master 
the reference documents in Moodle. 
 
All companies will be in charge of a signature project located at the site selected by the faculty, 
which is intended to provide the state of the practice technology to help supply the most advanced 
tools and resources available. Each company will work in the particular individual project 
assigned by the faculty. 
 
Students are expected to use smart buildings design principles.  Designs are also required to be 
resilient to extreme natural events, with special consideration to climate change and weather 
modification impact on the built environment. Emphasis will be given to extreme natural hazards 
at a coastal environment at the Mayagüez community. Green and grey infrastructure is required to 
be considered to harmonize with the low to no carbon emissions federal and local government 
policies.   
 
The following are requirements for the envisioned projects: 
• Support economic development, improve environmental quality, provide social wellbeing, 

satisfy sustainable principles, and  provide resilient urban development infrastructure.    
• Designs which include resilient building to extreme natural and technological hazards, 

considering various scenarios due to climate change and technological threats, must be 
considered, evaluated, and documented.   

• Sustainable principles, procedures, and design based on LEED requirements for which a 
LEED rating is expected (whenever applicable) to serve as a model of sustainable 
development. 

• Ecologically friendly and low impact development (LID) alternatives. It will be expected 
that there will be a strong restoration of the site to a more natural green area incorporated into 
the urban development.  
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• Necessary public infrastructure (water supply, sanitary sewer, storm sewer and 
drainage facilities, highways and roads, communication network, leisure facilities, etc.). 

• An integrated multimodal transportation system (circulation and access, sidewalks, streets, 
parking facilities, bicycle routes, transit facilities, and other necessary and feasible 
elements). 

• A feasibility analysis that includes seven evaluations: economical, environmental, 
technical, legal, social, cultural, and political. It also requires that the project must be 
aesthetically attractive and functionally sound. 

• Consider and prove sustainable and resilient design principles and design. 
• All engineering analyses and design computations must comply with existing laws, codes, 

regulations, norms, guidelines, and be based on recognized best engineering standards of 
practice.   

 
The proposed projects are located at the University of Puerto Rico at Mayagüez (UPRM) campus.  
These sites may be exposed or affected by multiple hazards (natural and technological) that need 
to be considered and designed for, namely:  hurricane winds; flooding due to storm surge, 
tsunamis, waves, and occasional ocean swells; urban, riverine and nuisance flooding; coastal soil 
instabilities; earthquakes; corrosive environments; mold; asbestos; lead; and sensitive island 
ecological environments.   
 
Figures 6.1 shows an example of the requirements of the capstone course: a) project site in a coastal 
environment and b) scope of natural and technological hazards considered in the scope of studnets’ 
projects.   
 

   
         a) Example of a Project Site   b)  Muti-hazards Considerations 
Figure 6.1  Examples  of Capstone course requirements  

 

6.3 Innovative Course on Resilient Design of Civil Ingrastructure 
  
In our first offering of the course on the resilient design of civil infrastructure, a diverse class of 
undergraduate and graduate students were divided into two groups modeling the socio-economic 
consequences of a design earthquake on critical facilities and businesses. The undergraduate 
students were assigned graduate mentors within each group and the collaborative work required 
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interactions and diagnostic discussions at every step. The case studies for each group were selected 
based on the personal preferences of the members and had to meet certain defining characteristics 
established in the course. The students were asked to use the fault tree analysis to identify critical 
components in their case studies. The fragility curves for each component identified from the 
existing data base were then combined to make the qualitative risk assessments. The end results 
were showcased in a series of power point presentations. Overall, the approach seems to work 
fairly well. The diverse backgrounds proved to be an advantage and not a hinderance, opening the 
students to other points of view and in some cases allowing them to go beyond their comfort zone. 
As a result, we expect to have even more diversity in our future offerings of the course, mixing 
graduate and undergraduate students from various engineering areas with the professionals 
working on hazard mitigation.  Figure 6.2 shows the contents of the new course and three modules 
in resilient design offered for the first time as an electice course in for a diverse integrated group.  
  

 

    
Figure 6.2  Course and Modules on Resilient Design 

 
6.4 INCI4138 Water Resources Engineering Course Module 
 
The 3-hour long “Multi-hazard Risk on the Water Resources Infrastructure and surrounding 
environments” lectures and class project were used to address floods disaster risk in a given coastal 
zone area of Puerto Rico while it also considers the need to look at other possible natural hazards 
present in the selected area. The class project is a teamwork to allow students to interact among 
them and have the opportunity for sharing leadership and be a participant as group member. A 
literature review is requested to let the students become aware of the regional possible hazards to 
consider as well as mitigation options or studies available is requested. The project starts by 
guiding the students to become aware of their regional natural multi-hazards (more than ones to 
be considered alone) and then concept of mitigation of natural hazards will be based on the possible 
hazards and their risk level. That will bring a more cost-effective possible mitigation options to be 
considered. 
 
The summary of proposed work to submit as final project is as follows: 
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1) Document the importance of maintaining given water resources facilities operating in the flood 
prone area during normal conditions and the ones (before, during and after) the time of dangerous 
natural events in order to recover as soon as possible. Consider why these facilities are really 
necessary for the serving community in Puerto Rico. 
2) Perform a literature review in order to identify and examine the possible natural events to which 
this area may be exposed and the risks to natural disasters it has. Given the location of critical 
facilities in that area, consider the multi-disaster effect and list the parameters for each type of 
natural disaster in a global data table in which the entire group of INCI4138 students collaborate. 
A list of different federal agencies (such as FEMA, NOAA, Federal Highway, Army Corp of 
Engineers, etc.), local government agencies (such as Planning Board, Dept of Environmental and 
Natural Resources, Dept. of Health, the governmental municipality and others) and private entities 
(Foundation por Puerto Rico, Consulting companies, etc.) are provided to guide them. They have 
to identify the level of mitigation needs for the infrastructure as well as the resources and 
limitations of the local people in terms their environmental, social, economic, ethnic, age, minority 
groups, etc. 
3) Search or obtain historical data and some evidence of damage observed in the past in that region 
to see the extent of the damage and repair costs that may be required if we want it to continue 
operating normally. This is coupled with identifying the frequency of events and the risk it has for 
being located there. Consider mitigation activities needed and how the community should respond 
to it. 
4) Work on a preliminary analysis of the action plan to be taken with respect to the mitigation and 
daily operation of these facilities and the multi-risk effect of the disaster they may have. This can 
be done in different phases that any project may require (determine its need and magnitude of the 
project, planning, its design and construction, daily operation, maintenance and service during the 
useful life of the project, possible improvements necessary to improve its resilience, etc.). The 
final project work must also consider the environmental, social, economic, health, quality of life 
and regulatory aspect that this infrastructure needs to provide a quality of life to the population 
that is served and thus achieve its sustainability. 
5) Finally, the propose mitigation alternatives or action plans to be applied in sustainable and 
resilient terms for the selected coastal area of Puerto Rico.   
 
Figure 6.3 shows the contents of the Water Resources Engineering Course Module incorporated 
in the required course of the curriculum in civil engineering.  
   

    
Figures 6.3 Contents of the Water Resources Engineering Course Module 
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6.5 Partnership and Co-Sponsorship of the Annual Puerto Rico River Symposium 
The CRC cosponsored the Puerto Rico River Basin Symposium with three-day activities ( field 
trip, conferences, and workshop).  The following picture in Figure 6.4 summarizes the program 
and the impact of the activity.   The activity was celebrated in person and remotely at the 
Auditorium of the Department of civil Engineering and Surveying at UPRM.   
 
Figure 6.4  Puerto Rico River Symposium Program  and Impact 

 
  

7. Institutionalization:  
 
The UPRM-DHA CRC (https://www.uprm.edu/inci/crc-2-mod/)  has been hosted and will 
continue to be hosted at the Department of Civil Engineering and Surveying. The Department 
Thrust areas focus on natural and technological hazards, accidents and civil infrastructure in 
various research centers and units in the department, being the Civil Infrastructure Research 
Center, the administrative unit supporting the CRC in the Department  
(https://www.uprm.edu/inci/research-centers/  ). It also has published the International Journal on 
Natural Hazards, Accidents and Civil Infrastructure (RIDNAIC) 
(https://www.scipedia.com/sj/ridnaic/   ).    
 
The Interactive Learning Hub (IL-HUB) is hosted by the Department under the UPRM-DHS CRC.  
This website is and will continue to be a repository of videos and reference material ( in the future 
which will be available for the benefit of a broad audience since is accessible openly and at no 
cost.  The IL-HUB (https://www.uprm.edu/inci/wb-mod/ ) can be accessed and used by faculty for 
their course, students for their class and research work at the university or by the external 
community (government officials, precollege students and teachers, professionals, other first 
responders, and the general community for multiple interests they may have in resilience topics.  

https://www.uprm.edu/inci/crc-2-mod/
https://www.uprm.edu/inci/research-centers/
https://www.scipedia.com/sj/ridnaic/
https://www.uprm.edu/inci/wb-mod/
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Institutionalization has also been accomplished by the impact the project has had in regular and 
elective courses like those listed previously in this report, the opportunities for leveraging funding 
through the invitation and participation in multiple proposals, engaging faculty and students in the 
Centers’ activities, establishing and engaging in partnerships with faculties, researchers and 
professionals from multiple institutions, and developing presence and visibility in the estate and 
national academic and professional forums in resilience.   
 
The institutionalization process has been coordinated by the project PI’s regarding its 
administration, and by appropriate university academic and administrative instances.   
 
Participation in External Funding Initiatives 
 
The UPRM-DHS CRC has achieved presence and visibility form different fronts attracting 
opportunities of joining or leading research and service proposals and projects. The following is a 
sample list of some opportunities that were developed or are under development: 
 

1.  Eco-Exploratorio: The Eco-Exploratorio intiative lead by Dr. Ada Monzón received a 
grant for near $20M to build the EcoExploratorio facilities m, including a Museum on 
Natural Hazards in the Cenvention District in San Juan Puerto Rico.  Prof. Ismael Pagán 
Trinidad, project PI, was named as part of its External Advisory Board through which he 
shares the Center’s opportunities and objectives. The ECoExploratorio has educational 
objective to educate the community on mitigation of natural hazards.   

2. AGU FIHM22 Annual meeting in Puerto Rico:  Ismael Pagán Trinidad, PI, participated 
as invited speaker and in representation of the UPRM-DHS CRC in the panel called  
SALSA session.  The CRC also helped coordinate a session named: 228 - Working with 
Nature-Based Features in Inland and Coastal Tropical Environments I ; This session 
presents current research and development activities associated with the application of 
natural and nature-based features (NNBF) in inland and coastal tropical environments to 
enable sustainable delivery of environmental, economic, and social benefits. The 
objectives of these activities include improving ecosystem functioning and strengthening 
the resiliency of inland and coastal infrastructure to reduce the impacts of flooding and 
coastal storm surges. The following are examples of potential NNBFs for reducing flood 
risk: wetlands; oyster, mussel, and coral reefs (large scale); bio-swales, permeable 
pavement, and rain gardens (local scale); and combining these natural features with hard 
components, such as rock and concrete. This session will facilitate discussion of knowledge 
gaps, tool development, and the connectivity between inland and coastal environments 
needed to incorporate these innovative features in future project. Primary Convener-Todd 
Steissberg, USACE-ERDC. Co-conveners-Ismael Pagan Trinidad, University of Puerto 
Rico Mayagüez; Damarys Acevedo-Acevedo, USACE-ERDC.  

3. Proposal Title: Center: Track I Center Catalyst: Collaborative Center for Landslides 
and Ground Failure Geohazards; Lead University Georgia Tech;  Ismael Pagán 
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Trinidad, Co-Principal Investigator (helped coordinate a team from UPRM) ; Temporary 
ID Number: 60152 

4. Proposal NSF 20-598 – “Collaborative Research: IRES Track I: Flood Resilience 
Program - Integrated research experiences to foster understanding on how to increase 
resilience in flood-prone communities”; A collaborative proposal from multiple 
organizations (PAPPG II.D.3.b), A collaboration with Texas A&M University at 
Galveston, lead University. 

5. NSF Proposal- “Center for Science of Water Extremes, Impact, and Mitigation (C-
SWIM)”, a collaboration with Northeastern University- Lead University, and other 
universities in the cluster.  

 
   

III.  EDUCATION ACTIVITIES AND TRANSITION MILESTONES 
 

Status as of 6/30/2022 

Education Activities Completion 
Date 

% 
Complete 

Explanation of why 
activity/milestone was not 

100% completed 

Activity 1 Description: Continue offering Webinars, 
Trainings, Conferences, formal courses, etc., 

June 2022 100  

Activity 2 Description: Pursue new partnerships and 
leverage opportunities. 

May 2022 100  

Activity 3 Description: Identify the available tools and 
design the Interactive Learning HUB 

June 2022 100  

Activity 4 Description: Outreach-High schools, other 
institutions, the community. 

June 2022 100  

Activity 5. Description: Develop 5 modules that will be 
incorporated into our undergraduate curriculum. 

May 2022 100  

Activity 6 Description: Collaborate with partner 
organizations. Participate in the organization of the 
ASABE Conference in January 2022. Others included 
AGU Conference in PR as a Session Co-conveners and 
Panelist; Eco-Exploratorio Advisory Board 

May 2022 100 Note:  ASABE 
conference was 
postponed for January 
2023. CRC is member of 
the organizing 
Committee and co-
sponsor.  The activities 
continued as planned.   

Activity 7 Description: Design, propose and offer a 
formal course on multi-hazards. Preliminary Title: 
“Nature’s Multi Hazards and Man-Actions for 
Sustainable and Resilient Infrastructure”. 

Dec 2021 100  
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Activity 8 Description: Low Impact Development, Green 
Infrastructure and Nature collaboration with ERDC and 
UPRM 

May 2022 100  

Activity 9.  Description: Survey - A Survey will be issued 
to all participants 

May 2022 100  

Education Milestones    

Milstone on Activity 1: Increase the capacity and 
formation of participants. 

June 2022 100  

Milstone on Activity 2: Increase and stabilize resources 
which will expand the number of webinars, topics and 
participants. 

May 2022 100  

Milestone on Activity 3: Build and apply a web-
based tool for automation of interactive learning. 

Dec 2021 100  

Milstone on Activity 4: Establish, expand, and create a 
pipeline towards STEM professions focusing on topics 
related to Homeland Security Enterprise topics 

June 2022 100  

Milstone on Activity 5: Modules developed, and 
number of students impacted; Number of test sites 
studied. 

June 2022 100  

Milestone on Activity 6: Number and nature of 
activities celebrated with partners. 

June 2022 100  

Milestone on Activity 7: Course syllabus, approval and 
offer. 

May 2022 100  

Milestone on Activity 8: A series of Webinars and Talks 
on LID/GI/EWN and climate change topics. 

June 2022 100  

Milestone on Activity 9: Distribution of participants 
engaged in various resilient infrastructure 
reconstruction activities in Puerto Rico.   

May 2022 100  

 
 
 

IV. ANNUAL COURSES AND ENROLLMENT NUMBERS 
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Annual Courses and Enrollments 
PI: Ismael Pagán Trinidad 

Co-PI’s: Carla López del Puerto and Raúl Zapata López 

PROJECT TITLE: Education for Improving Resilience of Coastal 
Infrastructure (UPRM-CRC IL-HUB) 

Course #: 
INCI 4950 

Course Title:  Integrated Civil Engineering Project-
Capstone ( INCI 4950) Camacho, Figueroa, Guevara, 
Lopez del Puerto , Pagán Trinidad 

• A resilient, sustainable, safe, and environmentally sound 
urban development for a Convention District at the costal 
land at the municipality of Mayagüez was designed with 
three 11-member teams. They designed the Convention 
district with the following main facilities:  1) Convention 
Center, 2) Multi-thematic Museum, And 3) Multiuse hotel.   

YR 7 

 Status: Developed (D), Revised (R), and/or Taught (T) R/T 

Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 65 

 

Course #:  
INCI 4138 

Course Title: Water Resources Engineering – Raul Zapata 
López 

• Natural hazards: Hurricanes, Floods, Tsunamis, Storm 
surge, Abnormal high tidal and wave actions, Sea level 
rise, High Winds, Earthquakes, Landslides, Subsidence, 
Erosion/Deposition, Droughts, Wildfires, Climate change, 
etc.     

• Infrastructure: Utilities (water, electrical, transportation, 
ports, government or private structures, industrial, 
commercial, sports, and residential facilities)  

• Hazard mitigation strategies:  Considering environmental 
issues and people demographics: age, economics, social, 
religious status, representativeness in decision-making 
groups. 

• Project 1. Sanitary Sewer Pumping Station next to 
Quebrada de Oro outlet (23 individual student’s reports). 

YR 7 
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• Project 2. Communities and infrastructure located 
between Río Grande de Añasco outlet and Quebrada 
Sábalos outlets (4 team reports @ 7-8 members each). 

• Project 3. Currently working on similar approach for Río 
Culebrinas coastal zone between Aguadilla and Aguada 
municipalities (5 teams of 6-7 students). 

Status: Developed (D), Revised (R), and/or Taught (T) R/T 

Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 24 

 

Course #: 
INCI 4998 

Course Title: Undergraduate Research : Best 
Management Practices to Control the Effects of 
Humidity at Martín Peña Residential and Non-
Residential Buildings by Jesús Acosta – Ismael Pagán 
Trinidad 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) R/T 

Offering: Elective (E), Concentration (C), Minor (M) E 

Number of Students Enrolled 1 

 

Course #: 
INCI 6995 

Course Title:  INCI 6995 - Special Problems  
 State of Practice in Nature-Based (Inspired) Solutions 
to Coastal Erosion Problem- Ismael Pagán Trinidad 

YR 7 

 

   

Status: Developed (D), Revised (R), and/or Taught (T) R/T 

Offering: Elective (E), Concentration (C), Minor (M) E 

Number of Students Enrolled 1 

 

Course #: 
INCI 4147 

Course title:  Fundamentals of Resilient and Sustainable 
Infrastructure  - Carla López del Puerto,   H. E. Cavallin, , and 
Drianfel Vázquez 

YR 7 
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31 engineering and architecture students enrolled in 
INCI4147- Fundamentals of Resilient and Sustainable 
Infrastructure course developed 6 group case studies of 
locations that are affected by coastal and/or riverine floods. 
The following case studies were developed in collaborative 
effort between RISE-UP and CRC: 

1. “Ocean Park se ahoga”; 2) Playita encrucijada; 3) ”Aguas 
Turbias en el Caño Martin Peña” , 4) Erosión costera 
como impacto de los gaviones”; 5) “Área Blanca I Una 
polémica no solucionada”, 6) “Caso de Estudio Bomba 
Baldorioty y Playita”. 
Status: Developed (D), Revised (R), and/or Taught (T) R/T 

Offering: Elective (E), Concentration (C), Minor (M) M 

Number of Students Enrolled 31 

  

Course #: 
INCI 5995 
INCI 6997 

Course title:  Special Topics- Resilient Design of Civil 
Infrastructure,  

YR 1       

 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) D/T 

Offering: Elective (E), Concentration (C), Minor (M) E 

Number of Students Enrolled 8  

  

Course #: 

 INCI 8999 

Course title: Civil Engineering Dissertation 

o Evaluation of Drivers' Behavior and Its Relation with the 
Workers' Safety in Highway Construction Using a Driving 
Simulator (In Spanish) by Ivelisse Ramos 

o “Variation of the nonlinear dynamic response of three-
dimensional buildings of reinforced concrete considering 
the directionality of seismic accelerations” by Juan 
Rodríguez 

YR 1       

 

YR 1      

 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 2 
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V. PUBLICATIONS 
Type of written product: 

• Peer-reviewed journal article (citation) 
o Lopez del Puerto, C., Pagan Trinidad, I. & Zapata López, R. (July 2022)  

“Education for Improving Resilience of Coastal Infrastructure: Developing an 
Interactive Learning Hub” Accepted for publication and presentation at the “20th 
LACCEI International Multi-Conference for Engineering, Education and 
Technology”, Boca Raton, FL, June 18-22, 2022 (Paper + Poster)   
 

o Pagán, I., Lopez del Puerto, C., Zapata, R., Cavallin, H. E., & Montalvo, R. (2022, 
June), “Development of Educational Modules to Assess Flood Risk and Mitigation 
Strategies for Coastal Communities”. Paper presented at 2022 ASEE Annual 
Conference and Exposition, Minneapolis, MN. 10.18260/1-2–32629 (Paper + 
Poster) 

• Presentation (invited): (e.g., conference presentation, stakeholder briefing) 

  

Course #: 
INCI 6066 

Course title: Civil Engineering Thesis 

• Transportation Resilience Against Extreme Natural  
Hazards: PR-2 Corridor in Western Puerto Rico 
 by Alexander Molano- Benjamín Colucci 

 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 1 

  

Course #: INCI 6065 

Course title: Civil Engineering Master’s Project- Ismael Pagán 
Trinidad 

Assessment of Hurricane Vortex and Boundary Layer Models for 
the Development of Wind Pressure Profiles and Fields 

        

 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 1 
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o Pagán Trinidad, Ismael, López del Puerto, Carla,  Zapata López, Raúl E.,  (March 
9-10-11, 2022).  “Multi-hazard Capacity Building to Mitigate Risks in 
Vulnerable Communities in Puerto Rico,  Education for Improving Resiliency 
of Coastal Infrastructure”, Puerto Rico River Basins Symposium-2022 - From 
the mountain to the estuary, from plan to action; University of Puerto Rico- 
Mayagüez.  . 

 
o Pagán-Trinidad, Ismael, “Hydrogeological and Atmospheric Multi-hazard 

Risks and Vulnerabilities of Puerto Rico – Lessons Learned” (June 2022);  
Frontiers in Hydrology Meeting 2022-Future of Water (FIHM22); Abstract ID-
1033968, Invited Abstract and FIHM22 Oral Presentation; Panel Speaker in 
Session: “Soil, Atmosphere, and Landscape Synthesis in the Anthropocene 
(SALSA)”; Final Paper Number 403-01; AGU, San Juan Convention Center, San 
Juan Puerto Rico. 
 

o Pagán Trinidad, Ismael and Zapata López, Raúl (October 28,2021). “Flood Multi-
hazards in Coastal Communities”, Forum on Coastal Erosion and Climate Change, 
Mayagüez Municipality and COHEMIS, Yagüez Theater, Mayagüez , Puerto Rico.   

 
o Pagán Trinidad, Ismael, López del Puerto, Carla, Co-PI, and E. Zapata López, Raúl 

(March 29, 2022).  “Education for Improving Resiliency of Coastal Infrastructure: 
UPRM-CRC INTERACTIVE LEARNING MANAGEMENT HUB (ILM-HUB) 
(CRC- Year 7)”, Project Presentation at the Year 7 Annual Meeting, DHS Coastal 
Resilience Center , University of North Carolina, Chapel Hills.   
 

o Pagán Trinidad, Ismael, López del Puerto, Carla, Co-PI, and E. Zapata López, Raúl 
(March 30, 2022).  “Education for Improving Resiliency of Coastal Infrastructure: 
Institutionalization by Engaging Students and Faculty on Multi-hazard 
Infrastructure Resilience - (CRC- Year 8), Proposal presentation at the Year 7 
Annual Meeting, DHS Coastal Resilience Center , University of North Carolina, 
Chapel Hills.  
  

o Pagán Trinidad, Ismael (July 2, 2021). “Learning from Natural Multi-hazards to 
Build Resilience in Puerto Rico”, 2-hour lecture given to high school students 
participating in the Summer Transportation Institute (STI), University of Puerto 
Rico – Mayagüez 
 

• Presentation (contributed): (e.g., oral conference presentation, poster or submitted abstract 

o Special Meeting by Invitation by Hon. Eileen Vélez, PR Secretary of Transportation and 
Public Works (DTOP) and her Staff,  

o “Collaboration and Opportunities between the DTOP and the Department of Civil 
Engineering and Surveying at UPRM.  Presentations Below 
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o Pagán Trinidad, I., López del Puerto, C., and Zapata, R. (July 15, 2021), 
“Capacity Building through Education and Research Pathways for Improving 
Resilience of the Nation’s Infrastructure” 
 Molano, Alexander, BSCE, MSCE Candidate. Committee: Colucci, 

Benjamín ,  Pagán-Trinidad, Ismael, and Aponte, Luis (July 15, 2021),  
“Corridor Resilience in Multi-Hazard Settings: The case of PR-2 in 
Western Puerto Rico”, ongoing MS thesis research. 

 Ramos López, Ivelisse M., BSLS, BSCE, MSCE, PhD Candidate; 
Advisor: Valdéz D. (July 15, 2021),  “Development of New Work Zone 
Traffic Signs for Road Re-Construction Processes”, ongoing  PhD 
Dissertation research.  

 Maldonado Fortunet, Francisco,  Pagán Trinidad, Ismael, Figueroa 
Medina, Dr. Alberto,  Zapata López, Raúl,  López-Rodriguez,  Ivelisse M. 
Ramos López, PhD Candidate  (July 15, 2021),  “Mechanisms for 
Construction Cost Data Collection after a Natural Disaster, Research 
Project sponsored by Rand Corporation.  

 Rodríguez, Juan A. MSCE, PE, PLS, PhD Candidate. Research Mentors:  
Suárez, Luis E.,  López, Ricardo R. (July 15, 2021),  “Nonlinear Dynamic 
Response of Reinforced Concrete Buildings and the Effect of the 
Directionality of Seismic Accelerations: An Innovative Structural 
Analysis Program”, ongoing PhD Dissertation. 

 
• Testimony: written remarks or testimony submitted to US Congress or other legislative 

government body 
o Pagán Trinidad, I. (January 16, 2022). “Explanatory Memorandum in 

Response to PR Legislature Joint Resolution 201 (RCC 201), presented to the 
PR Senate Commission on Economic Development, Essential Services, And 
Consumers’ Affairs” representing College of Engineering, UPRM.  RCC 201 
aims : ““To order the Permit Management Office, pursuant to subsection (g) of 
Section 2.3 of Act 161-2009, as amended, known as the “Puerto Rico Permit 
Process Reform Act,” to create a group of experts in charge of amending the 2018 
"International Maintenance Code" according to the reality of buildings and 
environmental and climatic conditions in Puerto Rico and implement, on a 
mandatory and prospective basis within the Puerto Rico Construction Codes, this 
new maintenance code, so that a uniform process of inspection and certification of 
existing buildings in the country, both commercial and residential, is included in 
order to ensure elements such as: safety, structural stability, longevity of the 
building and resistance to events natural, among other pertinent elements; and for 
other related purposes.” 
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o Pagán Trinidad, I., Figueroa, A., Zapata, R., and Guevara, J. (Feb 28, 2022).  
“Explanatory Memorandum in Response to PR Senate Project 584(P. del S. 
584), presented to the PR Senate by UPR President’s and UPRM Chancellor’s 
Assignment:  “To create the “Act for the Promotion of the Formal Construction 
of Housing in Puerto Rico”, in order to establish an Integrated Design Course in 
Civil Engineering, or “Capstone”, as part of the academic offer of the University 
of Puerto Rico, which allows engineering, architecture or surveying students to 
design construction plans for low-income families while being supervised by 
licensed engineers; Provide for the College of Engineers and Surveyors of Puerto 
Rico to establish collaboration agreements with organizations, entities, or private 
companies; extend to participating students and professors the protection of 
immunity recognized in Act No. 104 of June 29, 1955, as amended, known as the 
“Claims and Lawsuits against the State Act”; and for other related purposes.” 

 

VI. PERFORMANCE METRICS 
 

Metric Number Description (where indicated) 

Internships hosted 

PIRE Program-3 Students;  
UPRM-ERDC Educational and 
Research Internship Program 
at ERDC National Laboratories 

(24 total Summer 2021 and 
Summer 2023 

THE CRC supported the TAMG Pire 
Program .  Three students 

participated in 2022 Summer 
Internship at Netherlands.  

Undergraduate students 
who received tuition / fee 
support / stipend 

4  (stipends)    

Graduate students who 
received tuition / fee 
support / stipend   

4 (Tuition, fees, stipends, 
transportation, expenses)    

Undergraduates who 
received HS-related degrees 

65 (in Civil Engineering, all 
who took the capstone 

course) 
  

Graduate students who 
received HS-related degrees 4    

(number) 
Graduates who obtained 
HS-related employment 1   

Journal articles submitted     

Journal articles published 2 peer-reviewed conference 
proceeding papers   
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Conference presentations 6   

Other presentations, 
interviews, webinars 7   

Patent applications filed N/A   
Patents awarded N/A   

Trademarks/copyrights filed N/A   

Requests for 
assistance/advice from DHS 
agencies 

Partnerships 
Multiple partnership and 
collaborations were developed and 
worked together, e.g, FEMA, EPA, 
DNR, ERDC, USDA – FS, others.   

Requests for 
assistance/advice from non-
DHS federal agencies or 
other levels of government 

• Municipality of Mayagüez 
• PR House of representatives and 

PR Senate 
• Eco-exploratorio 

• Dept. of Transportation and 
Public Works 

• DNR, PRASA, EPA, others 

Brief description:  Invited speakers, 
advising committees 

Total dollar amount of 
external funding 

$3.98M  to support internships with 
ERDC- % years 
$150K – EPA to support Caño Martin 
Peña Co-PI)  

Leverage funding to support capacity 
building, workforce development and 
community support 

Total number of milestones 
for reporting period  9    

Accomplished fully 9    
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Jessica Murphy, PhD. / Jackson State University 
  

DHS COASTAL RESILIENCE CENTER 
EDUCATION PROJECT 

YEAR 7 PROGRESS REPORT  
July 1, 2021 – June 30, 2022 

 
 

I. INTRODUCTION 
 
Project Title: Community Resilience: Education and Training Endeavors (CREATE 2.0) 
 
Principal Investigator Name/Institution: Jessica Murphy, Ph.D. / Jackson State University 
 
Other Partners/Institutions: Dawn McLin (Co-PI, Psychology-JSU), Don Spann (Co-PI, 
Journalism and Media Studies-JSU), April Tanner (Co-PI, Computer Science-JSU), Elayne 
Hayes Anthony (Senior Advisor, Journalism and Media Studies-JSU), Yalanda Barner (Advisor, 
JSU Public Health Policy), National Weather Service (NWS) (Partner), Mississippi Emergency 
Management Agency (MEMA) (Partner), Mississippi Insurance Commission (Collaborator), 
JSU Public Safety and Local Law Enforcement (Collaborators), Infrad Gard—DHS Partner 
(Collaborators), and University of Alabama (Collaborator/Advisors) 
 
Short Project Description:  
The CREATE 2.0 project results from the 2020 Community Resilience project, which provided 
two weather preparedness virtual town hall meetings to over 100 Mississippi participants in July. 
The CREATE 2.0 project’s goal is to assist the State of Mississippi in creating education, 
training, and preparedness for weather-related disasters, with a specific emphasis on the needs of 
underserved communities. Moreover, the CREATE 2.0 project will help local Emergency 
Management specialists, educators, public and private organizations, and the community 
increase preparedness and bounce back from adverse weather-related events more successfully. 
Through this project's successful outcomes, the CREATE 2.0 project will serve as a model for 
other Historically Black Colleges and Universities (HBCUs) to engage with local communities 
and assist them with proper weather preparedness. 
 

II. PROJECT NARRATIVE:   
 

1.Project overview:   
 
The vision of CREATE 2.0, in continuing the work in the first phase of the Community 
Resilience/CREATE project, is to equip Mississippi underserved communities with current 
information to better prepare for weather-related disasters to minimize life and property loss, 
thus building resilient communities. This vision developed after the 2017 HBCU Flood and 
Hurricane meeting sponsored by the U. S. Department of Homeland Security’s Coastal 
Resilience Center of Excellence. During this impactful meeting, Congressman Bennie G. 
Thompson, Mississippi 2nd District-U.S. House of Representatives Committee on Homeland 
Security, stated the need for HBCUs to contribute to improving community resilience weather-
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related events. As a result of this meeting, a multi-disciplinary team at Jackson State University 
(JSU) assembled to carry out the charge of preparing its local community.  

 
The CREATE 2.0 project’s mission is to provide contemporary education and training for 
Mississippi’s underserved communities on weather preparedness. Such preparedness information 
will help minimize the loss of life and property within local communities. Also, this project will 
build a pipeline from high school and higher education academic programs aimed to develop 
future Emergency/Disaster Management specialists with training in Meteorologists/Atmospheric 
Science, Psychologists, Computer Science, Technology, and Journalism and Media Studies. 
Such a multi-disciplinary approach will help transform communities and further strengthen 
resiliency after disasters. 

 
With support from the U. S. Department of Homeland Security Coastal Resilience Center of 
Excellence, the Community Resilience/CREATE Team continues to provide community 
outreach through virtual town hall meeting, conducted virtual high school and community 
college virtual sessions. hosted its first research (student-led) research symposium, participated 
in a number of conference presentations, and we have developed 4 additional weather prepared 
videos for the campus of JSU and local communities. We have also established 2 laboratories 
containing two disaster simulators that develops scenarios to make for efficient preparation and 
timely response—Advance Disaster Management Simulator ADMS). 
 
Continued success from CREATE 2.0 has help us to support additional projects such as Project 
FAST (Females Advancing Science & Technology) ($399,808 grant award from the National 
Science Foundation (NSF)), and the Community Resilience Engaging Advanced Training and 
Education (CREATE) ($469,925 grant award U. S. Department of Homeland Security (DHS) 
Scientific Leadership Award). 
 
The CREATE 2.0 project will further promote the Technology, Computer Science, Meteorology 
and Atmospheric Science, and Psychology academic programs so that minority students learn 
how these programs can impact Emergency Management. As these academic programs are often 
under-represented by minority students (e.g., racial, ethnic, and gender), CREATE 2.0 will serve 
as a vital recruitment tool to (S.T.E.M.) programs emphasizing Emergency Management and 
preparedness. Journal and Media Studies additionally play critical roles as this program will 
prepare students for effective emergency notifications and proper dissemination of emergency-
related information. Overall, this project aims to prepare the next generation of Emergency 
Management specialists. In working with current first responders and Emergency Management 
specialists, CREATE 2.0 plans to establish a certification program that will strengthen and 
enhance professional skills through the use of the latest technology. In addition to weather-
related disasters, CREATE 2.0 will provide public safety awareness training for man-made 
disasters (e.g., looting, cyber-crimes, vehicle accidents, traffic, etc.) that may occur during or 
after disastrous weather events occurred. 

 
Overall, CREATE 2.0 will lead as a model for HBCUs to serve and protect local communities; 
thus, fulfilling the goal of the 2017 HBCU Flood and Hurricane Meeting. See below, a short list 
of courses currently taught at JSU to help develop our next generation of Emergency 
Management specialists. 
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PSY Seminar: Psychology of Disasters 
Disaster Theory 
Introduction and Principles of Emergency Management 
Disaster Management 
Introduction to Incident Command Systems 
Communications Media and Issues in Society 
Introduction to Meteorology 

 
* In November 2021, the Mississippi Institution of Higher Learner (governing entity) 
approved a proposed online certificate program in Disaster Preparedness and 
Community Resilience. This program is set to begin during the 2022-2023 academic 
school year. 

 
2.End users:   

• Mississippi underserved (rural) communities near the Jackson Metro area 
(i.e., Hinds Madison, Rankin, etc.—community training and outreach) 

• Collaborate with National Weather Service to provide 
general information on weather safety and education (virtual 
events and activities will focus on MS weather seasons and 
climate). 

• Provide virtual activities to local area school students to inform 
students about weather preparedness and careers in Emergency 
Management, Meteorology, Computer Science, Journalism, and 
Psychology (focusing on Disaster Mental preparedness and 
wellness). 

• Develop and distribute surveys to solicit community input 
regarding weather preparedness. 

• Develop weather preparedness short videos—featuring 
tornadoes, hurricanes, flooding, and weather unique to 
Mississippi. 

• Host virtual meetings/Q&A segments with such partners as the 
National Weather Service, Local Law Enforcement, Local 
Emergency Manager, MEMA, Local School Representatives, 
Mississippi Insurance Commission, and other partners and 
collaborators. 

• High School Area Students and Local Community Colleges-Generation Next: 
Discipline Awareness and Workforce Development (developing next generation 
of Emergency Management specialists, Meteorologists/Atmospheric Scientists, 
Psychologists (focusing on Disaster Mental Preparedness), and Media 
professionals. 

• Develop short video(s) to explain the disciplines, degree 
and professional requirements, career paths, etc. 

• Host “A zoom” meeting with a sample of area teachers to 
discuss how these subject areas can be incorporated into the 
current curriculum and class (virtual or face-to-face) activities. 
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• Promote virtual activities on weather preparedness and 
safety in conjunction with the National Weather Service. 

• Establish as a recruitment tool for JSU academic programs. 
• Educational training for First Responders, Emergency Specialists (public and 

private sector), and other specialists related disciplines 
a. Conduct Virtual Reality simulation trainings and 

table-top interactive activities 
b. Develop Certificate Online Program.  Both current JSU Students, 

current Emergency Management professionals, or community 
members desiring to learn more about emergency preparedness may 
participate in the certificate programs. The Certificate program this  a 
post-baccalaureate  certificate program must apply for admission to 
the Jackson State University Graduate School 

• Emergency Preparedness for Natural Disasters 
• Community Disaster Resilience Training 
• Behavioral and Emotional Disaster Response 
• Communication of Emergency Alerts and 

Notification (reaching multi-generations) 
1. Traditional (e.g., news via radios, newspaper, or 

television 
2. Contemporary (e.g., social media, mobile 

notifications, etc.) 
3. Ground (Face to Face) and Online 

 
3. Unanticipated Problems:  
The COVID-19 virus is still a very prevalent issue and has posed limited in-person activities. 
However, safety is our number 1 priority. With this in mind, we continued to host most of 
our activities (e. g. town halls, recruitment activities, conference presentations, research 
symposium). We monitored the COVID-19 numbers per state of MS and county and 
followed State and University guidelines (per CDC). Co-PI, Dawn McLin, and I were able to 
participate in an in-person weather preparedness informational session on Wednesday, June 
22, 2022, in conjunction with the Mississippi Urban Research Center at Jackson State where 
there was limited capacity, social distancing, and masks required. We will continue to assess 
the COVID-19 number and adhere to CDC recommendations in consideration for upcoming 
events. 

 
4. Students and recent graduates: 

 
a) Number of Students: In 2021-2022 we had 4 CREATE students (receiving SLA 

scholarships and participated in CRC activities (i. e. town halls and research 
symposium) and 2 (1-PhD (Psychology and 1-MS) graduate students specifically who 
served as graduate assistants 

b) Percentage of minority students: 100% were minorities (98% female and 2% male)  
c) Number of students graduated: 1 undergraduate student (from the CREATE SLA 

program) has graduated) 



 
220 

d) Number of students employed in resilience-related fields: 3-the 1 recent graduate (U. 
S. Military), 1 graduate student-MS (FEMA), and 1 graduate student-PhD (Veterans 
Hospital and U.S. Army Corp of Engineers Fellow) 

e) Number of students who enrolled in graduate-level programs: 2 
 

5. Theses and Dissertations:  

Ms. CeNe Harris-PhD Student in Psychology has an approved dissertation proposal, Tryna’ 
Make a Dollar Out of Fifteen Cents: A Phenomenological Exploration of Poverty as a Traumatic 
Event in the Southern United States—approved October 2021. 

 

6. Project Impact and Relevance:  
 
 The CREATE 2.0 project has significantly impacted higher education in the following ways: 

A. Incorporated Public Health Policy onto existing project team (August 2022) 
B. Promoting awareness of Emergency Management as a multi-disciplinary program 

a. Discussed during June, July, and September 2022 Town Halls 
b. Explained in high school (MS-Madison County-October 2022) and 

community college information and recruitment meetings (Hinds 
Community College Systems-November 2022 

C. Sharing research endeavors on Emergency Management and Disaster 
Preparedness (locally, nationally, and internationally). 

a. Accepted presentation and presented collaborative research at professional 
conferences (accepted presentation at ATMAE in November 2021). I 
presented at the MS Valley Technology Teachers Conference in 
November 2021. I served as a special guest presenter at Velma Jackson 
High and Madison County Schools on October 25, 2021, Hinds 
Community College on (November 2021) and Infragard: Partnership for 
Protection on November 09, 2021 

b. Participated in JSU President Research Symposium in early October 2021 
with Dr. McLin and Ph.D. student, CeNe Harris 

c. Presidents at the International Technology and Engineering Education 
Association Conference in March 2022 

D. Hosted first research symposium 
a. Developed a plan of action and outline (i.e., order of program) for a 

research symposium 
b. Established who would be the target audience: Students (undergrad and 

grad) in various disciplines, faculty interested in Emergency Preparedness, 
and Emergency Management professionals 

c. Established a venue (virtual-Zoom) and date (April 14, 2022) 
E. Established an online certificate program with Dr. Dawn McLin (2021-2022) 
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7. Institutionalization:  

 The following agencies currently work with the CREATE 2.0 project team 
on existing projects and will continue contributions as partners, advisors, and 
collaborators. 

a. Coastal Resilience Center at JSU (partner and advisor) 
b. National Weather Service-NSW (partner and advisor) 
c. Mississippi Emergency Management Agency-MEMA (partner and 

collaborator) 
d. Mississippi Insurance Department-Office of the Commissioner 

(collaborator) 
e. University of Alabama-Center Center for Advanced Public 

Safety (partner and advisor) 
f. Infragard (Partner of the U.S. Department of Homeland Security) 

Cyber Security Professionals (partner and advisor) 
g. National Science Foundation-NSF (JSU-FAST project funding agency) 
h. U. S. Department of Homeland Security-DHS (Community 

Resilience Engaging Advanced Training and Education project 
funding agency) 

 
* In August, the CREATE 2.0 leadership team join the HBCU Consortium for the 
Emergency Management Workforce. This will serve as another means of 
collaboration, support, advisement, and academic resources. Membership in this 
Consortium is supported by President Thomas Hudson, JSU President. 

 
 

III.  EDUCATION ACTIVITIES AND TRANSITION MILESTONES 

July 1, 2021 – June 30, 2022 

Activity Completion Date Percentage 
Completed 

Activity 1 Description: The academic representatives and JSU, and the National Weather 
Service will organize virtual events resiliency. 

07/01/2021 100% 

Activity 2 Description: Community Preparedness Outreach through online and traditional 
(i.e., television and radio) media: Disseminate innovative solutions to build resiliency and 
create culturally appropriate mixed media messages to promote preparedness for extreme 
weather events (Promotional info) 

07/15/2021 100% 

Activity 3 Description: The CREATE will develop and produce short videos regarding 
weather prep and career info in related disciplines for local schools and the JSU Campus 
Community 

07/01-30/2021 100% 

Activity 4 Description: Complete IRB application and training and advertisement of the 
project 07/15-30/2021 100% 

Activity 5 Description: Develop a curriculum for a proposed certificate program 07/15- 
08/15/2021 

100% 
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Activity 6 Description: Host virtual Town Hall Meetings or information sessions/videos on 
weather preparedness (per weather season approaching Mississippi. These forums will be 
open to the general public in the tri-county area. Pre and post-surveys regarding weather and 
preparedness will be collected. The CREATE 2.0 Project will host a Q&A virtual with the 

08/01- 
11/30/2021 

100% 

community and National Weather Service, MEMA, and other partners.   

Milestone 

Virtual Meeting with the CREATE 2.0 reps and community reps. (i.e., Emergency 07/15-  
Management professionals) to identify weather preparedness needs for the community. 08/15/2021 100% 

Distribute, electronically, a pre-survey on weather preparedness, to the community 07/15- 
08/20/2021 

100% 

Complete and submit the Emergency Management certificate curriculum 08/15/2021 100% 

Develop and complete the CREATE 2.0 and National Weather Service promotional video 07/15- 100% 
for social media 08/30/2021  

Informational video on weather preparedness for the local community 08/30/2021 100% 

Video informational session for school students on weather prep and related careers 09/01-30/2021 100% 

Collect post-survey data and focus on addressing the top three (3) needs of the community 09/01/2021 to 100% 
population. This information will be shared with the National Weather Service and local 04/01/2022  
Emergency Management entities to help better educate and prepare these designated   
populations and others.   

Recruitment of local high school and community colleges (promotional and recruitment 
materials 

09/01/2021 to 
04/01/2022 

100% 

Dissemination of gift cards to participants (i.e., the first 150 community participants) 01/04/2022 PENDING 
Budget 

Implementation of the online certificate program (THIS IS COMPLETE. AWAITING 
ADMINISTRATION FOR START DATE) 

01/04/2022 50% 

Disseminate post-survey after the weather town halls 03/01-30/2022  

Project debriefing 05/01-30/2022 100% 

Analysis and write-up of data collected for reporting 06/01/2022 100% 

Future Milestone Activities 

Complete and Submit Report to DHS regarding activities and report findings July 2021 100% 

Draft and publish two journal articles (Journal of Emergency Management, Journal of 
Technology Studies, etc.) 

Spring-Summer 
2022 

50% 

Use feedback in collaboration with partners to enhance efficiency and accessibility to 
weather preparedness information to vulnerable communities 

Sum 2022 50% 
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Draft model of program activities to share with MS HBCUs Spring-Summer 
2022 

50% 

 
IV. ANNUAL COURSES AND ENROLLMENT NUMBERS 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
V. PUBLICATIONS 

 

• Work submitted and under review by the Journal of Modern Education with Dr. Dawn 
McLin and Ms. CeNe Harris on The Psychology of Disaster. 

• Accepted presentation and presented collaborative research at professional conferences 
(accepted presentation at ATMAE in November 2021). I presented at the MS Valley 
Technology Teachers Conference in November 2021. I served as a special guest 
presenter at Velma Jackson High and Madison County Schools on October 25, 2021, 
Hinds Community College on (October 2021) and Infragard: Partnership for Protection 
on November 09, 2021 

• Murphy, J. L. & Barner, Y. (2020). Emergency Management: New Technology 
Education concentration with corresponding certificates and certifications 
(0446_0643_000093), Proceeding of the International Association of Journals and 
Conferences, August 10, 2020. 

Annual Courses and Enrollments 
PI: Jessica L. Murphy 
PROJECT TITLE: CREATE 2.0 
Course #: Course Title: Intro of Incident Command-Fall 2021 YR 7 
 Status: Developed (D), Revised (R), and/or Taught 

(T) 
T 

Offering: Elective (E), Concentration (C), Minor (M) C 
Number of Students Enrolled 7 

 
Course #: Course Title: Disaster Preparedness & Resilience- 

2021 
YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 
Offering: Elective (E), Concentration (C), Minor (M) E 

Number of Students Enrolled 9 
 

Course #: Course Title: Disaster Management YR 7 
Status: Developed (D), Revised (R), and/or Taught (T) T 

Offering: Elective (E), Concentration (C), Minor (M) C 
Number of Students Enrolled 8 
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• Murphy, J. L. & McLin, D. B. (2020). Emergency Management in Technology: 
Academic Programs Promoting Community Resilience, Disaster Readiness, and 
Recovery (#28697), Proceeding of the Annual American Society of Engineering 
Education (ASEE) Conference, June 24, 2020.  

 
VI. PERFORMANCE METRICS 

 

Metric 
Number Description (where 

indicated) 

Internships hosted   Brief description 

Undergraduate students who received tuition / 
fee support / stipend  

  

Graduate students who received tuition / fee 
support / stipend   

2 Worked as service and 
research assistants 

Undergraduates who received HS-related degrees  1 EM Degree 

Graduate students who received HS-related 
degrees  

 

0  

Graduates who obtained HS-related employment  3  

Journal articles submitted  1  

Journal articles published  0  

Conference presentations  4  

Other presentations, interviews, webinars 6  
Patent applications filed  0  
Patents awarded  0  
Trademarks/copyrights filed  0  
Requests for assistance/advice from DHS agencies   Brief description 

Requests for assistance/advice from non-DHS 
federal agencies or other levels of government 

 Brief description 

Total dollar amount of external funding $1 mil 
=/- 

DHS SLA -$469,925 
NSF-TIP-$399,808 
In addition to the CRC 
Sub-Awards 

Total number of milestones for reporting period    
Accomplished fully  10  

Accomplished partially  5 Work in progress 
Not accomplished    

 



 
225 

Gavin Smith, North Carolina State University 
  

DHS COASTAL RESILIENCE CENTER 
EDUCATION PROJECT 

YEAR 7 PROGRESS REPORT  
July 1, 2021 – June 30, 2022 

 
I. INTRODUCTION 

 
Project Title: The Creation of an Open Space Management Guide for FEMA-Funded Buyout 
Properties and Injecting the Study and Practice of Buyouts and Resettlement into the Graduate 
Certificate Program. 
 
Principal Investigator Name/Institution: Gavin Smith, North Carolina State University 
 
Other Partners/Institutions:  
 
1) FEMA staff, including Eric Letvin, Deputy Assistant Administrator for Mitigation, Brian 
Willsey, and members of the  National Mitigation Investment Strategy Implementation Team, 
Dr. Jae Park AECOM, FEMA Mitigation contractor, buyout expert, and CRC Board member;  
2) Andy Fox – Professor Department of Landscape Architecture and Environmental Planning, 
Director Coastal Dynamics Design Lab NC State, Travis Klondike – Assistant Research 
Professor, Coastal Dynamics Design Lab NC State;  
3) State Hazard Mitigation Officers (SHMOs); 
4) Local government officials involved in past buyouts;  
5) NC State graduate students, including Olivia Vila – PhD candidate, Parks, Recreation & 
Tourism Management; Brian Vaughn – Master’s Student, Landscape Architecture; Claire Henkle 
– Master’s Student, Landscape Architecture; Samata Gyawali – Master’s Student, Landscape 
Architecture; Samiksha Bhattarai – Master’s Student, Landscape Architecture; 
6) American Society of Landscape Architects (ASLA) and the American Planning Association 
(APA) (select divisions focused on disaster resilience). 
 
Short Project Description (“elevator speech”):  
This project will focus on the development and distribution of an Open Space Management 
Guide for home buyout properties and incorporate the findings into the Graduate Certificate 
Program in Disaster Resilient Policy, Engineering, and Design. The guide, developed in 
partnership with a range of end-users, will blend policy and design approaches created to meet 
the needs of those engaged in the management of open space following FEMA-funded buyouts. 
The Open Space Management Guide will be incorporated into lecture and studio-based courses 
that are part of the Graduate Certificate in Disaster Resilient Policy, Engineering, and Design and 
other courses as identified. The guide will be disseminated to practitioners and academics as part 
of a strategy developed in partnership with FEMA Mitigation staff, State Hazard Mitigation 
Officers (SHMOs), Emergency Management Institute Higher Education Project Manager, 
American Society of Landscape Architects (ASLA) and American Planning Association (APA), 
land trusts, and others as identified. 
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II. PROJECT NARRATIVE:   
 

1. Project overview:   
 
The development of the open space guide addresses a major shortfall in existing guidance 
materials surrounding the acquisition and demolition of hazard-prone housing.  The guide 
blends design (namely landscape architecture) and public policy to create materials useful for 
both practitioners and educators about how the resulting open space can be used in a 
thoughtful way to advance resilience and advance multiple community goals tied to water 
quality, economic development, and recreational amenities.  The guide, including the 
widespread use of case studies, tips, call out boxes, and other materials provides information 
that has been incorporated into the curricula of the Graduate Certificate in Disaster Resilient 
Policy, Engineering, and Design.   More specifically, the guide materials as well as the last 
year’s work on buyouts (international comparative study of buyouts in the US and New 
Zealand), is being used to assist students think through the course’s major project, which 
entails how to adopt managed retreat strategies in a number of coastal cities, including 
Charleston, Miami, Boston, and the greater Houston/Galveston Bay Area.  The knowledge 
gained by students pursuing the certificate is highly valued as communities, states, and 
FEMA continue to struggle with the effective management of the growing number of parcels 
being purchased, including those tied to emerging managed retreat strategies.   In addition, 
the open space guide represents a tool that can be used to advance nature-based solutions to 
mitigating flood risk, including sea level rise, which is a key aim of the FEMA’s new multi-
billion dollar Building Resilient Infrastructure and Communities program.  Ongoing 
conversations have been conducted with Eric Letvin and others at FEMA (to include their 
participation as classroom speakers and serving as members of a review panel evaluating 
student’s final project presentations) about large numbers of new FEMA positions to be 
advertised surrounding BRIC-related positions and how our graduates are uniquely qualified 
for them. 

 
2. End users:   

The following represent members of the Open Space Management Guide Advisory Board, all 
of whom have agreed to participate in the review of the final document.  Select members, 
including those associated with FEMA as well as professional association representatives in 
the American Planning Association and American Society of Landscape Architects will 
assist in the dissemination of the final document. 
Brian Willsey – Federal Emergency Management Agency – HMA Grants Program 
Roosevelt Grant – Housing and Urban Development; former grants manager in NC and 
FEMA national office 
Tim Troutman – Charlotte/Mecklenburg County Stormwater Services, nationally-recognized 
leader of buyouts and use of land afterwards 
Chad Berginnis – Executive Director – Association of State Floodplain Managers 
Elyse Zavar, PhD – Assistant Professor in the Department of Emergency Management and 
Disaster Science at the University of North Texas – written extensively about open space 
management and commemoration 
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Sherri Brokopp-Binder, PhD – Lead researcher and president of BrokoppBinder Research & 
Consulting – Nationally recognized buyout scholar 
Alex Greer, PhD – Associate Professor in the College of Emergency Preparedness, 
Homeland Security and Cybersecurity at the State University of New York at Albany – 
Nationally recognized buyout scholar 
Samuel Kornegay – Lenoir County Emergency Manager – Leading buyout efforts in Lenoir 
County, North Carolina 
Kofi Boone, FASLA – University Faculty Scholar and Joseph D. Moore Distinguished 
Professor, Department of Landscape Architecture and Environmental Planning, North 
Carolina State University  
Chuck Flink, FASLA – Professor of Practice, Department of Landscape Architecture and 
Environmental Planning, North Carolina State University. Author of Greenways. A Guide to 
Planning, Design and Development, and Trails for the Twenty First Century; Developed 
Greenway Plan for Grand Forks, North Dakota following the 1992 flood 
Jim Schwab – Former Director of the American Planning Association’s Hazards Center, 
Current President of APA’s Hazard Mitigation & Disaster Recovery Division 
Jae Park, PhD – AECOM Associate Vice President, Risk Management & Resilience, Leads 
HMA Assistance for FEMA 
Douglas Lee, AICP – Hawaii County Disaster Recovery Officer (Kilauea eruption), New 
York City Resilience post-Sandy 
Chris Canfield – Executive Director at Conservation Trust for North Carolina 
As noted above, FEMA officials and other members of the Advisory Board regularly speak 
in the certificate classes and provide expert insights and often recruit soon to be graduates.   
The Open Space Guide will be reviewed by members of the Advisory Board in July, their 
comments incorporated into the final document.  Once complete, the PI will work with AB 
members to disseminate the guide through professional associations, FEMA and SHMOs, the 
environmental non-profit community, members of the private sector, and the academic 
community.  These relationships are already well established and specific conduits like 
APA’s hazard mitigation and disaster recovery planning division, FEMA’s Mitigation 
Division, the State Hazard Mitigation Officer’s network, and the Emergency Management 
Institute’s Higher Education Program will in turn share the guide with their members.  In 
addition, the PI will be conducting several presentations at national and international 
conferences and workshops to discuss the guide and share on-line access information. 

3. Unanticipated Problems:  
Our research uncovered the breadth of what was missing from other guides, leading to the 
creation of an open space management document that is much larger than was originally 
anticipated.  In fact, we are exploring the publication of the guide as a book through Island 
Press.  This will require assuring that the guide remains available to broad audiences on-line.  
In late July, images will be taken at sites that are confronting buyouts and managed retreat, 
including Isle de Jen Charles, Louisiana in July as part of a National Academies of Science 
research team in which the PI is participating.  The images will be included in the report prior 
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to sharing with the project’s Advisory Board.  The document is scheduled for Advisory 
Board review in August and comments incorporated into the final document by 
August/September.  The document will be disseminated to FEMA, SHMOs, EMI’s Higher 
Education Program, American Planning Association, and the American Society of Landscape 
Architects in October and will be shared with these and other organizations through 
conferences, workshops and targeted talks to these and other professional associations 
throughout the end of 2022 and into 2023. 

4. Students and recent graduates: 
 
 Most students in my classes are graduates as the certificate is only available to master’s and 

PhD candidates.  Undergraduates can petition to take certificate classes, and several have 
done so.   Of the 27 students enrolled in Year 7 classes, three were undergraduates.  Of the 27 
students, 9 were minority (33%).  In Year 7, 9 students completed the certificate, including 4 
master’s students (all graduating) and 5 PhD students (3 graduated in Year 7 and 2 have 
remaining coursework to complete their degrees.  All 4 master’s students are working in the 
private sector and doing some work tied to disaster resilience.  Two of the graduating PhD 
students are working in resilience-related fields, including one post-doc at the University of 
Arizona's Udall Center for Public Policy Studies and one who is currently a NOAA Knauss 
Fellow. 

 
5. Theses and Dissertations:  

Olivia Vila.  Ph.D.  North Carolina State University.  Environmental Justice in Disaster 
Recovery and Hazard Mitigation: The Role of Recognition and Leaders.  May 2022.  Department 
of Parks, Recreation and Tourism Sciences.  Bethany Cutts, Chair.  Gavin Smith, Committee 
Member.  Graduate Certificate Recipient. 
Meredith Hovis.  PhD.  North Carolina State University.  The FloodWise Pilot Program: 
Leveraging Nature-Based Solutions for Flood Mitigation and Resiliency in Rural, Eastern North 
Carolina. Department of Forestry and Environmental Resources. Fred Cubbage, Chair.  Gavin 
Smith, Committee Member.  Graduate Certificate Recipient. 
Morgan DiCarlo.  Civil and Environmental Engineering.  Graduate Certificate Recipient. 
Samata Gyawali – Master’s Student, Landscape Architecture.  Gavin Smith, Chair. Graduate 
Certificate Recipient.   
Master’s Committee.  Samiksha Bhattarai, Landscape Architecture.  College of Design, North 
Carolina State University.  2021.  Andy Fox, Chair.  Gavin Smith Committee Member.  Graduate 
Certificate Recipient. 
 
6. Project Impact and Relevance:   
The research associated with the creation of the Open Space Guide was coupled with an 
increased focus of my research and teaching associated with the acquisition or buyout of hazard-
prone housing.  Specific actions included teaching a 1 credit speaker series class focused on 
speakers tied to buyouts and a 3-credit hour class Disaster Resilient Policy, Engineering, and 
Design in which the final class project focused on the resettlement of the Houston-Galveston Bay 
Area as an alternative to the construction of the Ike Dike.  Certificate graduates are learning an 
important set of knowledge and skills that will assist them help communities undertake buyouts 
and lead managed retreat programs.  Key lessons include working in interdisciplinary teams, 
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drawing from class materials and their own research and applying this information to real world 
challenges, and conveying this information clearly and succinctly to review committees 
comprised of practitioners and academic audiences. 
The open space guide builds on several years of work with FEMA (funded through the CRC), to 
include a national evaluation of the role of states in building the capacity of local governments to 
develop Hazard Mitigation Assistance grants, the international study of buyouts in the US and 
New Zealand, and innovative buyouts research.   
Additional elements worthy of note included assisting several students advance their careers 
during their work with our research team, others who pursued the certificate, and those I served 
on varied master’s and PhD committees.  Several examples are noted below: 
Assisted Meredith Hovis, a PhD candidate, obtain the position of Program Manager in the 
NOAA funded non-profit Southeast and Caribbean Disaster Resilience Partnership while she 
was completing her dissertation.  See https://www.scdrp.secoora.org/.  In this position, she 
assisted the SCDRP develop a strategic plan, helped organize the organization’s annual 
conference, and assisted in the recruitment of members and external funding.  Gavin Smith is an 
Advisory Board member of SCDRP.  Meredith has recently accepted a position as a Postdoctoral 
Research Associate at the University of Arizona's Udall Center for Public Policy Studies. She 
will be working on projects related to stakeholder and community engagement in natural 
resource governance and climate adaptation strategies. 
As part of her dissertation, we are co-authoring an article focused on assessing the role of nature-
based solutions on advancing resilience in rural communities.  Josephine Justin, a student of 
mine from UNCCH, has recently accepted the SCDRP Program Manager position vacated by 
Meredith. 
Assisted Olivia Vila, PhD obtain a NOAA Knauss Fellowship.  In addition, we are co-authoring 
three articles concurrently, one led by her and two led by the PI of this project.  Olivia served as 
our research team’s Program Manager for 2 years in which she assisted me train graduate 
students in survey design, delivery and analysis, the writing of reports and journal articles 
(students are authors on most CRC-supported articles published).  
The impact of Year 7 work among practitioners will be achieved in the coming months.  The 
Open Space Guide, once complete, will be shared with professional association divisions focused 
on advancing resilience among their members as well as SHMOs and FEMA officials for 
dissemination.  The guide, including its on-line version, will be shared with practitioners and 
academics as part of multiple national and international conferences in the summer and fall of 
2022. 
All courses include the findings of the latest research as well as up to date policy changes as the 
PI regularly incorporates new and emerging research collected while writing journal articles and 
reports tied to our complementary studies.  This requires staying up to date with the literature.  In 
addition, national and international speakers provide up to date information through lectures 
about new and evolving resilience policies and programs that are used as part of class exercises 
and assessed relative to academic literature that critically reviews these programs.  Finally, we 
also rely on international lessons by working with New Zealand scholars and practitioners and 
drawing from other international case studies in multiple classes to ensure state of the art content, 
recognizing that the US has done a relatively poor job applying lessons from other countries to 

https://www.scdrp.secoora.org/
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advance resilience at home.  We also explore cases where international lessons have been 
applied in the US, to include examples like the Dutch Dialogues in New Orleans. 
7. Institutionalization:  
 
The Graduate Certificate in Disaster Resilient Policy, Engineering, and Design is fully supported 
by NCSU through the payment of my salary and inclusion of the management of the program in 
my departmental workplan.  The certificate is a fully recognized program at NCSU, to include 
being certified by the Graduate College.  Additional administrative support is provided by the 
Department of Landscape Architecture and Environmental Planning’s Administrative Assistant 
and faculty in the departments of Public Administration and Civil and Environmental 
Engineering.  The certificate is housed in the Department of Landscape Architecture and 
Environmental Planning where all administrative functions are maintained.  The PI led the 
creation of the program, with support provided by the university’s certificate committee and 
faculty in the College of Design and the Departments of Public Administration and Civil and 
Environmental Engineering.   
 
In addition to the research findings being institutionalized through the certificate’s coursework, 
the findings associated with the Open Space Guide and the last several year’s of CRC-supported 
research on buyouts are being incorporated into two major studies, including: 1) The 5th National 
Climate Assessment and 2) the National Academies of Sciences Study of Managed Retreat on 
the Gulf Coast.  The PI is a committee member of both study groups and is in the process of 
drafting reports that will be disseminated once complete.  
 

III.  EDUCATION ACTIVITIES AND TRANSITION MILESTONES 

 

Status as of 6/30/2022 

Education Activities Completion 
Date 

% 
Complete 

Explanation of why 
activity/milestone was not 

100% completed 

Activity 1 Description: Conduct policy and design 
research undergirding the Open Space Management 
Guide. Research will include drawing from the Year 6 
innovative buyout interview questions focused on open 
space management, conducting Year 7 phone or zoom-
based interviews with those experienced in the 
management of open space post- buyout, and drawing 
from the knowledge of an expert panel created by the 
research team. Additional research will include 
identifying best practices regarding differing design-based 
open space programming activities as identified and 
obtained through interviews with those tasked with both 
the design and management of differing open space 
options. Specific education capabilities and specific 
deliverables include: a) academic and practice-based 
literature focused on open space management post-
buyout, b) recorded transcripts of interviews with those 

December 
2021 

100%  
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involved in the programming and management of open 
space lands, and c) transcribed notes drawn from focus 
groups and an expert panel. 

Activity 2 Description: Analyze research findings 
and write Open Space Management Guide. The 
research findings will be analyzed by the research team 
and used to write up the findings in a practitioner-
friendly on-line document. The interviews and expert 
panel results will be synthesized and organized across 
key themes spanning both policy and design-based 
issues. The report findings will include specific actions 
designers and managers should undertake throughout 
the entire (and ongoing) lifecycle of open space 
management to include actions taken before a buyout 
application is written through the programming and 
long-term management of the property. This guide will 
include an equal focus on policy and design-based 
issues, challenges, and options for communities of 
varied financial, technical, and administrative 
capabilities, thereby making it unique and more useful 
to those who are tasked with this responsibility. As 
noted in Activity 1, the guide will serve to educate 
federal, state, and local officials, non-profits, members 
of professional associations, and faculty teaching 
courses in disaster resilience. 

May 2022 90% The guide is largely 
completed and is waiting 
for Advisory Board 
feedback prior to making 
final edits and 
incorporating them into 
the guide. 

Activity 3 Description: Incorporate Findings of Open 
Space Management Guide into Graduate Certificate in 
Disaster Resilient Policy, Engineering and Design 
Coursework. The results of the study will be 
incorporated into several existing courses that comprise 
the Graduate Certificate in Disaster Resilient Policy, 
Engineering, and Design, to include the 1- credit speaker 
series course, the annually delivered 6-credit design 
studio, and the 3-credit course Disaster Resilient Policy, 
Engineering, and Design (which includes a final class 
project that addresses coastal buyouts and resettlement). 
The results of the report are also intended to spur the 
creation of new courses, to be developed by members of 
the NC State Resilient and Sustainable Coasts Initiative 
(but not funded through this proposal). An intent of 
incorporating the materials into the Certificate curriculum 
is to educate the next generation of practitioners that may 
be involved in buyout programs in the future. 

June 2022 100%  

Activity 4 Description: Disseminate Open Space 
Management Guide. The guide, once complete will be 
provided to FEMA, State Hazard Mitigation Officers, 
members of the American Society of Landscape 
Architects and the American Planning Association, EMI 
Higher Education Program Manager, and others as 
identified by the expert panel convened by the NC State 
research team. In addition, an explicit dissemination 
strategy will be developed to get the guide in the hands of 

June 2022 70% The guide is nearing 
completion and once 
completed it will be 
disseminated, drawing on 
our established contacts 
with FEMA, SHMOs, and 
professional associations, 
including ASLA and APA. 
We are also exploring the 
publication of the guide as 
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those who stand the best chance of using it to inform open 
space management activities. 

a book through Island 
Press. 

Education Milestones    

Conduct Select Interviews with Identified Candidates December 
2021 

100%  

Open Space Management Guide May 2022 90% Guide is nearing 
completion pending 
completion of case studies 
and collection of final 
photos I will be taking as 
part of a National 
Academies of Science 
study I am participating in 
tied to managed retreat on 
the Gulf Coast.  Once 
completed, the guide will 
be submitted to the 
project’s Advisory Board, 
comments sought, and 
incorporated into the final 
guide. 

Incorporate Findings into Certificate Coursework June 2022 100%  

Disseminate Guide to Identified End-Users in 
Collaboration with FEMA and Expert Panel 

June 2022 70% Once guide is completed, 
it will be disseminated 
through well-established 
professional channels 
already identified.  These 
include FEMA, resilience 
divisions within APA and 
ASLA, SHMO Network, 
Environmental 
Organizations, and the 
Emergency Management 
Institute’s Higher 
Education Program. 
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IV. ANNUAL COURSES AND ENROLLMENT NUMBERS 
 

 
 

 
 

V. PUBLICATIONS 

Published Journal Articles 
Schwaller, Nora Louise, Campbell Leah, Nguyen, Mai Thi, and Smith Gavin.  2022.  

(Mis)trusting the Process: How Post-Disaster Home Buyout Processes Can Degrade 
Public Trust.  Natural Hazards.  111(3):1-22.  DOI: 10.1007/S11069-021-05153-2. 

 
Smith, Gavin, Wendy Saunders, Olivia Vila, Samata Gyawali, Samiksha Bhattarai, and Eliza  

Lawdley.  2021. A Comparative Analysis of Hazard-Prone Housing Acquisition  
Programs in United States and New Zealand Communities. Special Issue on Managed  
Retreat and Environmental Justice.  Journal of Environmental Studies and Sciences, 
11(3): 392-403.  Perspectives on Managed Retreat: Environmental Justice and Beyond.  
A.R. Siders and Jola Ajibade, Editors. DOI 10.1007/s13412-021-00689-y. 
 

Smith, Gavin, Nguyen, Mai. 2021.  University-Public Partnerships for Disaster Recovery:  
Promoting Community Resilience through Research, Teaching, and Engagement. Journal  
of Community Engagement and Scholarship, 14(1): Article 4. Available at: 

Annual Courses and Enrollments 
PI: Gavin Smith 
PROJECT TITLE: The Creation of an Open Space Management Guide 
for FEMA-Funded Buyout Properties and Injecting the Study and 
Practice of Buyouts and Resettlement into the Graduate Certificate 
Program. 
Course #: 
LAR 
607.001 

Course Title:  Natural Hazards, Disasters and 
Climate Change Adaptation Lecture Series (Spring 
2022) 

YR 7 

 Status: Developed (D), Revised (R), and/or Taught 
(T) 

T 

Offering: Elective (E), Concentration (C), Minor (M) C 
Number of Students Enrolled 8 

 
Course #: 
LAR 
554.001 

Course Title: Disaster Resilient Policy, Engineering, 
and Design (Spring 2022) 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 
Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 12 
 

Course #: 
LAR 
552.001 

Course Title: Survey of Natural Hazards and 
Disasters (Fall 2021) 

YR 7 

Status: Developed (D), Revised (R), and/or Taught (T) T 
Offering: Elective (E), Concentration (C), Minor (M) C 

Number of Students Enrolled 7 
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https://digitalcommons.northgeorgia.edu/jces/vol14/iss1/4. 
 
Smith, Gavin, Allison Anderson and David Perkes.  2021.  New Urbanism and the H-Transect: 

Improving the Integration of Disaster Resilience and Design in Coastal Areas.  
Landscape Journal, 40(1): 35-47. 

 
Articles Accepted for Publication 
 
Smith, Gavin and Olivia Vila.  2022.  Governors and Hazard Mitigation Grants 
  Management: Observations of State and Local Officials. Natural Hazards Review.  
 
Campbell, Leah, Schwaller, Nora Louise, Nguyen, Mai Thi, and Smith, Gavin.  2022.  Stuck in  

the Middle: The Challenges of Local Government Administration of Post-Hurricane  
Buyouts. (Accepted International Journal of Mass Emergencies and Disasters). 

 
Vila, Olivia, Smith, Gavin, Cutts, Bethany Cutts, Gyawali Samata, Bhattarai Samiksha. Equity in  

FEMA Hazard Mitigation Assistance Programs: The Role of State Hazard Mitigation  
Officers. (Accepted Environmental Science and Policy). 
 

Articles Submitted for Review  
 
Smith, Gavin and Nguyen, Mai.  Applying the Results of a Resilient Design Education Study in  

The Field and in the Classroom During Disaster Recovery Operations.  (submitted for  
review February, 2022). 

 
Hovis Meredith, Smith Gavin, Garson David, Cubbage Frederick, Shear, Theodore, Lupek  

Megan, Baldwin Madalyn, Fox, Andrew, Sand Amanda, Potter Thomas, Lovjoy  
Michelle, Larick Keith, Evans Bryan.  Landowner Willingness to Accept Payments for  
Nature Based Solutions in Eastern North Carolina for Flood Mitigation (“Floodwise”)  
Using the Contingent Valuation Method.  (submitted for review in May 2022). 

 
Book Chapters 
In Press 
Smith, Gavin and Wendy Saunders.  A Comparative Review of Hazard-Prone Housing 

Acquisition Laws, Policies and Programs in the United States and Aotearoa New  
Zealand: Implications for Improved Practice.  In the Cambridge Handbook of Disaster  
Law and Policy. Susan Kuo, John Travis Marshall, and Ryan M. Rowberry eds.  (in press  
– Cambridge, 2022). 

 
Published Research Documents 
 
Vila, O., Smith, G., Galik C., Henkel, N., Bhattarai, S., and Gyawali, S. 2021. “Interview Guide  

in Policy Innovation in Local Housing Acquisition (Buyout) Programs.” Special Call for 
Weather-Ready Research: Instrument and Data Publication.  NSF-CONVERGE. 
DesignSafe-CI.  https://doi.org/10.17603/ds2-en7t-5t68. 

 

https://doi.org/10.17603/ds2-en7t-5t68
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University Presentations 
 
Keenan Institute of Engineering, Science, and Technology.  North Carolina State University.  

Climate Leaders Program Intensive Academy.  Climate Change Adaptation Issues and  
Impacts.  May 2022. 

 
University of Virginia.  Guest Lecturer, Coastal Resilience Course.  The Acquisition of Hazard- 

Prone Housing: Lessons for Strategic Retreat in an Era of Climate Change. February,  
2022. 

 
North Carolina State University, Center for Marine Sciences and Technology Seminar Series.  
  Developing Sound Nature-Based Solutions in an Era of Climate Change: Linking Social  

and Ecological Systems.  January 2022. 
North Carolina State University, Coastal Resilience and Sustainability Initiative Panel.  Coupled  

Human and Natural Systems.  November 2021. 
 

Association of Collegiate Schools of Planning Annual Meeting.  Non-Academic Career Paths for 
for Planning PhD’s.  October, 2021. 
 

Extension Disaster Education Network Annual Meeting.  The Hurricane Matthew Disaster 
 Recovery and Resilience Initiative: Blending Research, Teaching and Engagement.  

Keynote.  Raleigh, North Carolina.  September, 2021.   
 

Natural Hazards Researchers Meeting.  Assessing the Capacity of SHMOs to Assist  
Communities Develop Hazard Mitigation Grants.  Broomfield, Colorado.  July 2021. 
 

46th Natural Hazards Workshop.  Creating Experts: Building Workforce Capacity Through 
  Outside Collaboration.  Broomfield, Colorado. July 2021. 
 
Practitioner Conference and Workshop Presentations 
 
New Zealand Planning Institute Annual Conference.  A Comparative Study of Hazard-Prone  

Housing Acquisition Programs in the US and New Zealand: Lessons for National 
Managed Retreat Strategies in both Countries.  June, 2022. 

 
American Institute of Architects, North Carolina Chapter.  Climate Academy, Program on  

Resiliency. Resiliency and Regenerative Design. April, 2022. 
 
Southeast and Caribbean Disaster Resilience Partnership Annual Conference.  Unique  

Communities, Shared Challenges: Building Resilience, Equitably.  Managed Retreat.   
Moderator and Panelist.  January, 2022. 

 
National Academies of Sciences, Engineering and Medicine. Resilient America Roundtable.   

Equitable and Resilient Infrastructure Investments.  January, 2022. 
 
Water Adaptation to Ensure Regional Success (WATERS) Summit.  Disaster Recovery Lessons 
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Learned and not Learned. Panel. Greenville, North Carolina.  October, 2021. 
 
American Institute of Architects Committee on the Environment (COTE) Lecture.  Design for  

Climate Change and Resilient Design.  Disaster Resilient Design in the Era of Climate 
Change.  Virtual.  October, 2021. 

 
Building Better Buyouts Meeting.  Applied Hazard Mitigation Research: A Comparative Study 

of Buyouts in the United States and New Zealand.  July, 2021. 
 
Testimony 

Government Accountability Office.  Assessing FEMA-funded buyouts of flood-prone 
properties.  August, 2021.  Phone interview. 
 
 

VI. PERFORMANCE METRICS 
 

YEAR 7 PERFORMANCE METRICS 

Metric 
Number Description (where indicated) 

  Brief description 

Summer Internships (Tesla Motor 
Company – EM, Sam Shaw – Undergrad) 

1  

Fellowship (Knauss Fellowship) Oilvia Vila 
(PhD student) 

1  

Post-Doc Award (University of Arizona) 
  

1  

KIETS Climate Fellows Summer Fellowship 
(NCSU) (Brian Vaughn – Master’s student) 

1  

Undergraduate students who received 
tuition / fee support / stipend  

0  

Graduate students who received tuition / 
fee support / stipend   

7  

Undergraduates who received HS-related 
degrees  

0  

Graduate students who received HS-
related degrees  

 

5  

Graduates who obtained HS-related 
employment  

4 3 private sector, 1 post-doc 

Journal articles submitted  8  

Journal articles published  6  
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Conference presentations  8  

Other presentations, interviews, webinars 3  
Patent applications filed  0  
Patents awarded  0  
Trademarks/copyrights filed  0  
Requests for assistance/advice from DHS 
agencies  

 FEMA – Advising tied to ways 
that universities, including 
land grants and Minority 
Serving Institutions, can assist 
low-capacity communities 
develop and implement 
Building Resilient 
Infrastructure and 
Communities grants. 

Requests for assistance/advice from non-
DHS federal agencies or other levels of 
government 

1 Government Accountability 
Office.  Assessing FEMA-
funded buyouts of flood-
prone properties.  August, 
2021.  Phone interview.  
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Total dollar amount of external funding $362,000 New South Wales, Australia.  
Post-Flood Resettlement 
Strategy.  P.I. $5,000.  June 
2022 – August 2022. 
United States Department of 
Homeland Security, Science 
and Technology Directorate.  
Operationalizing the Coastal 
Hazards Overlay District and 
Hazard Transect: Improving 
Design Standards from 
Concept to Practice Among 
Local Jurisdictions while 
Informing National Managed 
Retreat Policy. P.I. $200,000.  
July 2022 – June 2023. 
Emergency Supplemental 
Historic Preservation Fund 
Project for the NC Department 
of Natural and Cultural 
Resources.  Historic Properties 
and Landscapes Training 
Program.  P.I. $150,000.  
January 2022 – December 
2024. 
Haywood County, North 
Carolina.  Advisory Services– 
Resilience, Land Acquisition, 
and Multi-Objective 
Greenway Planning.  $5,000.  
January 2022-March 2022. 
KIETS Climate Leaders 
Program.  Faculty Advisor.  
$5,000.  January 2022-
December 2022.  
NOAA Sea Grant and UNC Law 
School – Increasing Capacity 
to Aid Economically 
Disadvantaged Communities 
After Disasters. $2,000.  June 
2021 – June 2022. 

Total number of milestones for reporting 
  

4  
Accomplished fully  2  

Accomplished partially  2 (90 & 
70%) 

 

Not accomplished  0  
 
 

 


	- American Meteorological Society Workshop on the Workforce in Climate + Urban   Planning, May 5, 2022 [online]
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