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Compound events: 
“The combination of multiple drivers and/or 

hazards that contributes to societal or 
environmental risk.”

Zscheischler et al. (2018)



6

Compound flooding is an active area of research

Green, J., Haigh, I.D., Quinn, N., Neal, J., Wahl, T., Wood, M., Eilander, D., de Ruiter, M., Ward, P. and Camus, P., 2024. A 
comprehensive review of coastal compound flooding literature. arXiv preprint arXiv:2404.01321.
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Green, J., Haigh, I.D., Quinn, N., Neal, J., Wahl, T., Wood, M., Eilander, D., de Ruiter, M., Ward, P. and Camus, P., 2024. A 
comprehensive review of coastal compound flooding literature. arXiv preprint arXiv:2404.01321.

A multi-disciplinary problem



It can mean different things
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Combinations and frequency of driver 
multi-classifications assigned. The 
vertical histogram presents the total 
count of studies considering each of 
the eleven drivers categorized 
nonexclusively, while the horizontal 
histogram presents the total count for 
each driver multi-classification 
combination exclusively. 

Green, J., Haigh, I.D., Quinn, N., Neal, J., Wahl, T., Wood, M., Eilander, D., de Ruiter, M., Ward, P. and Camus, P., 2024. A 
comprehensive review of coastal compound flooding literature. arXiv preprint arXiv:2404.01321.
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Green, J., Haigh, I.D., Quinn, N., Neal, J., Wahl, T., Wood, M., Eilander, D., de Ruiter, M., Ward, P. and Camus, P., 2024. A 
comprehensive review of coastal compound flooding literature. arXiv preprint arXiv:2404.01321.



Different methods to study compound flooding
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Green, J., Haigh, I.D., Quinn, N., Neal, J., Wahl, T., Wood, M., Eilander, D., de Ruiter, M., Ward, P. and Camus, P., 2024. A 
comprehensive review of coastal compound flooding literature. arXiv preprint arXiv:2404.01321.
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• Different flooding drivers often 
exhibit partial dependence which 
needs to be accounted for when 
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Statistical modelling
Clayton

𝜏 =  0.1

𝜏 =  0.3

𝜏 =  0.5

Frank Gumbel

Tools: MvCAT (Matlab), MultiHazard (R), Copula (Python) 

• Different flooding drivers often 
exhibit partial dependence which 
needs to be accounted for when 
calculating joint probabilities

• Copula-based methods decouple the 
marginal analysis from the 
dependence analysis offering a lot of 
flexibility 

• Once an appropriate copula and 
marginal distributions have been 
identified joint probabilities can be 
calculated or events can be simulated



Process-based modelling
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• Past compound flood modelling efforts 
coupled coastal models (e.g., ADCIRC), 
hydrologic models (e.g., HEC-HMS), and 
hydraulic models (e.g., HEC-RAS) in 
different combinations and different 
ways

• Few studies also included groundwater 
models (e.g., MODFLOW)

• Few models exist which can absorb 
coastal, pluvial, and fluvial flood drivers 
as boundary conditions (e.g., SFINCS)

Modified from Santiago-Collazo et al. (2019)



Hybrid modelling
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Philadelphia Int. 
Airport RF gauge

Philadelphia tide 
gauge

•  AORC RF data Grid points

Gloucester city basin

Figure 1: Study area, locations of data setsMaduwantha, P., Wahl, T., Santamaria-Aguilar, S., Jane, R. A., Booth, J. F., Kim, H., and Villarini, G.: A multivariate statistical framework 
for mixed populations in compound flood analysis, EGUsphere [preprint], https://doi.org/10.5194/egusphere-2024-1122, 2024.

Example for Gloucester City, NJ, where rainfall and tide gauge data (left) are used to fit a 
multivariate statistical model (right) to TC and non-TC events separately.

https://doi.org/10.5194/egusphere-2024-1122


Hybrid modelling
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Going from few observed extremes… …to a large number of synthetic ones



Hybrid modelling
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• Observed NTR and rainfall events are 
scaled to match the synthetic peak 
values

• Then we add the following:
o Mean sea level variability
o Tide values
o Time-lag between peaks
o We also account for rainfall 

duration-peak-intensity 
relationships

• This leads to many physically consistent 
hydro-hyetographs (where rainfall also 
varies spatially)



Hybrid modelling
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• All synthetic events are run 
through a SFINCS model

• Horizontal resolution is 1m 
using the sub-grid option

• We follow a response-based 
approach and will compare 
against various event-based 
approaches

• Flood hazard data is combined 
with updated building 
footprints and first-floor 
elevations



Research challenges and opportunities 
• Effective delineation of transition zones (along-river and in the flood plain)
• Uncertainty quantification and propagation
• Accounting for storm water drainage systems 
• (In-)ability of climate models to capture the complex interactions in the 

atmosphere/ocean leading to compound flooding 
• Adaptation challenges
• AI/ML in compound flooding research

21
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Check out https://www.hazardaware.org/ 

https://www.hazardaware.org/
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Check out https://www.hazardaware.org/ 

https://www.hazardaware.org/


Thank You!
Any questions?

Email: t.wahl@ucf.edu



BREAKOUT #4
Research Questions 
and Data Gaps
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How the Agenda is Built
Working through challenges and solutions to actionable research 

Presentations
Community

Needs

Co-Developed 

Solutions

Tools and  

Approaches

Research

Questions



1Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH

Breakout Session Instructions
WHAT’S MY BREAKOUT ROOM?

Your badge has a star on it that corresponds to one of the following 
breakout rooms:

You are here



Break
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Plenary Discussion: Articulating Workforce Development Needs 



Articulating Workforce 
Development Needs

Decadal Visioning Workshop: The Future of Coastal Processes Research
June 11-13, 2024 І St. Petersburg, Florida 

Tiffany Roberts Briggs
Chair & Associate Professor 
Department of Geosciences

Florida Atlantic University

American Shore & Beach Preservation Association
Secretary, Science & Technology Co-Chair



Session Objectives

• Prioritize workforce 
development needs

• Identify potential 
approaches to filling 
anticipated needs

Outline
• Summary of efforts, 2018
• Preliminary results, 2024
• Audience poll
• Q&A / Discussion 



2018 Survey of Academics

Motivated by
• Concerns over reduced funding
• Number of coastal courses offered
• Declining workforce pipeline
Results
• 62% said funding had decreased
• 84% said course offerings were stable
• Majority of programs consist of 1-10 

graduate students, with many reporting 
that 75-100% of effort is basic research.

n = 51



Agency Perspective: USACE Coastal Working 
Group (2018)

Concerns
• Loss of professionals/staff without replacement
• Students graduating with more knowledge in ecosystem/wetland 

restoration than with traditional coastal structural engineering
Recommendations
• Students should receive training in fundamental science and 

engineering:  underlying physics, traditional curriculum of waves, 
hydraulics, structural design, ocean/nearshore labs, etc.

• Training to maintain gray infrastructure: physics of open 
ocean/nearshore high energy areas, impacts on aging coastal 
infrastructure



2024 Survey Results: Funding/Research

Has overall coastal 
science/engineering funding 
increased or decreased over the 
past 5 years?

Is funding difficult to obtain?

n = 31



2024 Survey Results: Funding/Research

Where do you receive Federal 
funding from?

What percent of your research 
is basic (rather than applied)?



2024 Survey Results: Graduate Training

How many graduate students are in your 
program?

What are the primary sources for 
recruiting graduate students (in the 
last decade)?



2024 Survey Results: Graduate Training

Has the number of coastal 
science/engineering courses 
increased or decreased over the past 
5 years?

How often does your university 
offer courses teaching 
fundamentals?



2024 Survey Results: Workforce 
What percentage of international 
(non-US citizens) graduate students 
and post-docs joined the US 
workforce (non-academic) after 
concluding their training?

What percent of graduate students 
joined the US workforce and 
remained in academia?



USCRP-Supported Students 

Provided by Bianca Charbonneau (USCRP)



Additional Comments
“Now we have access to more funding to support graduate 
researchers,  but fewer people (especially domestic) interested in 
post-graduate work.”

“Wage and job conditions after graduating are making it hard to 
attract and retain qualified students.”

“We have been talking recently about the need to band together in some 
form to increase/broaden our course offerings, and to help one another 
recruit students.”

“Funding amounts seem smaller while cost of living (and thus 
reasonable salaries) and materials is going up.”



Initial Takeaways
• Funding for research/graduate student 

training has increased.  But it’s still difficult 
to obtain.

• NSF and NOAA remain top funding sources.  
Is there a shift towards applied research over 
fundamentals?

• Graduate programs have stable or increasing 
course offerings, where fundamentals are 
taught regularly.  But some note difficulty 
with recruitment.

• Fewer students are remaining in academia.  
While some international students are 
staying in the US workforce, many reported a 
rate of <50% or unknown.
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Please take the academic survey!
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Workshop Observations and Wrap Up



This will be the decade 
of data.
Will AI be a solution?

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH

We heard…



Interdisciplinary work must 

be at the right scale, 

intentional, well-planned 

and inclusive. 

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH

We heard….



Is there a bulldozer 

in your model?

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH

We heard….



Simultaneously 

consider 

catastrophic and 

chronic flooding.
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We heard….



Nature-Based Solutions 

should be considered as 

a continuum.

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH

We heard….



Need an honest frank 

discussion of understanding of 

changing coastline in 

combination with high quality 

science.
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We heard….



We need methods 

to measure 

effectiveness in 

adaptation 

strategies.
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We heard….



Engineers and geologists 

must collaborate with 

engagement experts – we 

need social scientists!

We heard….
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We are still 

struggling with 

understanding 

sediment transport 

(Anon. 2024)

We heard….
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What regulatory 

challenges can be 

alleviated by better 

science?

We heard….
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Non-linear coupling of 

multi-scale, multi-hazard 

processes across spatial 

and time scale needed for 

decision-making.

We heard….
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Research needed at all 

scales to transition from 

foundational science to 

operational models to 

public information. 

We heard….

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH



o Report Interest Meeting Today (12:15)

o Survey will follow

o Join our mailing list to stay appraised

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH

NEXT STEPS



What are the most important research 
themes for the next ten years?

We heard….

Decadal Visioning Workshop: THE FUTURE OF COASTAL PROCESSES RESEARCH
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NEXT STEPS
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