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Houses and businesses affected by the August
2016 flood in Denham Springs, LA

(Credit: Bill Feig (2016), “Tax bill offers reprieve for Louisiana residents
affected by 2016 floods”, <www.theadvocate.com>)
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Introduction

« Compound flooding poses a
major threat

« Compound flooding hazard will
iIncrease in frequency and extent

» Describe the physical process
under a single event

« Capability to develop
compound flood probabilities

Flooding produced by Hurricane Florence (2018) at

Engelhard, North Carolina. (credit: Johnny Simon (2018), “Photos:
Florence’s destructive flooding, seen from the air.” <www.qz.com>)
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Background: Flooding Mechanisms

* A tropical cyclone can produce flooding
due to several flooding mechanisms:

« Wind-driven surge/waves
* Pressure surge

* Astronomic tides
 Rainfall

« Compound flood = Rainfall-Runoff + River
flow + Rainfall + Tides + Storm Surge

* They can occur simultaneously or in
close succession, especially in the

Flooding mechanisms produced by a cyclonic event in an

transition zone idealized coastal watershed
(Bilskie and Hagen (2018) “Defining flood zone transitions in low-  (Credit F.L. Santiago-Collazo, M.V. Bilskie, and $.C. Hagen (2019). *A
Comprehensive Review of Compound Inundation Models in Low-Gradient

gradient coastal regions.” Geophys. Res. Lett. 45, 2761-2770) Coastal Watersheds.” Environ Model & Soft, 119, 166-181.)
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Background: Flood Models

» Developed to quantify the flood depth and extent due to an
atmospheric event

« Categorized by the mechanism that drives the flooding:
« Hydrologic models
» Hydraulic models
« Ocean circulation models

« Compound flood model = one or more flood models, observations,
and/or statistics that are combined to obtain a total water level via:

* One-way coupled  Tightly-coupled
« Two-way coupled  Fully-coupled
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Background: Coupling Techniques
One-way Coupled Two-way Coupled

Output,.g
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Background: Coupling Techniques (cont.)
Tightly-coupled Fully-coupled
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Objectives

1. Develop a 1-D compound inundation model using a fully-coupled
technique

2. Examine the physical interaction between flooding mechanisms

3. Determine time to peak and maximum water levels of each flooding
mechanism

4. Delineate compound flood hazard zones

Santiago-Collazo et al., 2021. “Compound Inundation Modeling of a 1-D Idealized
Coastal Watershed.” Advances in Water Resources, in review.
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Methods

« Based on the 1-D shallow-water equations (i.e., St. Venant equations)

*Three separate modules were developed using the same governing
equations:

» Coastal Hydraulics Module (CHM)
» Watershed Hydraulics Module (WHM)
* Overland Hydraulics Module (OHM)

* Only one numerical model framework is required to be setup and run
* Develop an idealized coastal watershed transect based on observed data

* Include a wetting/drying algorithm for both shoreline and upland watershed
portions

» Tested with numerous rainfall-runoff/tides/storm surge combinations
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Hydraulic Modules

Coastal Hydraulics Module (CHM)

« Generalized Wave Continuity Equation (GWCE) and Non-Conservative Momentum
Equation (NCME)

 Applied from the open ocean boundary until the seawater front
« GWCE is solved for the water surface deviation, then NCME is solver for water velocity

Watershed Hydraulics Module (WHM)
« Kinematic Wave assumption was used to simplify the momentum equation
« The continuity equation is solved directly for the water depth using an iterative solver
 Applied only where rain is falling

Overland Hydraulics Module (OHM):

« Same formulation as CHM, but the boundary condition is specified at the upstream end
« Applied at the dry portions of the domain to route rainfall-runoff downstream
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Coupling Technique
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ldealized Coastal Watershed Transect
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Location of the perpendicular transects at coastal Louisiana
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Environmental Forcings

 Tidal Forcing: constant-amplitude,

Storm Timeline:

diurnal-frequency
» Monte Carlo Simulation: 1,000 different Surgel- o
combination of the input parameters
- Rainfall depth and duration Rainal
« Peak storm surge and time to peak Tides
0 1 2 3 4 5
Rainfall Storm Surge Simulation time (days)
Parameter Daily Total Duration Peak Level Peak Time*
(mm) (hr) (m) (hr)
Minimum 146 24 0.97 0
Maximum 381 72 1.73 48
Standard Error 2.14 0.43 0.007 0.44

*Reference to the end of the rainfall event
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Results

Water Surface Elevation: Run 525
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Results (cont.)

Maximum Water Level: Run 525 Compound Flood Hazard Zones: Run 525
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Results (cont.)

Time to peak water level: Run
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Hyvdrograph at 52 km

2 e
RS
18} S
R
161 R+S
—~14
E
012
@
|
g 1
©
=08
0.6
0.4
02LC

Coastal Coupling Community of Practice: August 18, 2021 17



Results (cont.)

Compound Maximum Water Level Compound Flood Hazard Zones
for 1,000 simulations Interface for 1,000 simulations:
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Conclusions

* A more realistic scenario is obtained when accounting for all the flooding
mechanisms

» Assessments of compound flood events must move towards tightly- and
fully-coupled approaches

* There is a nonlinear response between the flooding mechanisms
« Compound flood is affected by the magnitude and timing

» Future work will focus on applying this 1-D model to identify coastal land-
margins prone to compound flood hazards at a global scale

* A more accurate compound flood forecast tool can help authorities
converge on better coastal resiliency measures
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