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Modeling Work Flow – Cultivate 
Hydrodynamic/ Meteorologic Data
Forcing
• Tropical cyclones
• Extratropical cyclones
• River Flows

Response
• Water level (storm surge, astronomical 

tide, SLC)
• Currents
• Wave height, peak period, direction
• Wind speed, direction



EWN® Toolkit for ERDC’s CSTORM

Streamlining & Standardizing Augmentation of Natural 
Based Solutions within the Numerical Modeling Framework

Natural Based Solutions (NBS) have Multiple Benefits 

Numerical Modeling can Quantify Performance of NBS



EWN® Toolkit for ERDC’s CSTORM

Problem

• Inclusion of NNBFs into 
numerical modeling is 
time consuming, and 
needs expert level 
commitment

• Approach has not been 
standardized, so effort 
tends to be completed 
differently per model.

Solution
• Develop a semi-

automatic GUI that 
rapidly integrates NNBFs 
into existing models by;

• Adjusting 
topography/bathymetry

• Enhancing resolution 
accurately

• Setting roughness 
coefficient based on 
extensive literature 
review

Impact
• Time commitment, expert 

level needed per modeling 
project

• Allows for MORE designs 
to be tested

• Allows for more 
innovation opportunities 
using NNBFs in flood risk 
management 

• Expands the EWN practice



Modeling of Long-Wave Hydrodynamics 
(and short waves too)

• What we are modeling:

– Astronomical Tides

– Water Surface Elevation Datums

– Storm Surge

– Wave Heights, Period, & Length



Water Levels and Long Waves
and modeling them.



Tides

• The rising and falling of the 
water elevation on earth’s 
surface is due to the 
gravitational forces of the moon 
and sun (other constituents)

• The gravitation pull of the moon 
~ 2.5 of sun

• Largest tides when moon and 
sun aligned



Tides in Atlantic/Gulf Tides in Pacific Coast Types of Tides
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Calculate Tides 
the tide equation and tidal constituents 

❑ H(t) = height of tide at any time t. 

❑ Ho = mean height of water level 
above datum used for prediction. 

❑ Hn = mean amplitude of any 
constituent n.

Where A is the amplitude of 
the constituent, 
R < 0.25 is semidiurnal, 
R > 1.5 is diurnal, 
and in between is mixed.



Water Surface Elevations

And Datums
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Fixed reference datums

• Usually preferred as the primary datum for 
engineering design
– National Geodetic Vertical Datum 

(NGVD) A fixed reference adopted as 
a standard geodetic datum for 
elevations determined by leveling

– Established in 1929 
– “National Geodetic Vertical Datum of 

1929” and “Sea Level Datum of 1929” 

• North American Vertical Datum of 1988 
(NAVD 1988) –updated version of NGVD



Storm Surge
Wind-induced surge, accompanied 
by wave action causes most 
damage to beaches and estuaries.



Storm Surge – Generation Processes

• Direct wind

• Pressure (Barometric)

• Storm motion

• Earth’s rotation

• Rainfall

• Wave setup



Wave Setup

increases water level at 
coast during storms

Period

Time

Height

Wave



Wave Dynamics

(a) Wave shoaling diagram. (b) Wave refraction diagram. source: USACE coastal engineering Manual.
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Kenneth J. Lohmann, Catherine M. F. Lohmann, Courtney S. Endres
The sensory ecology of ocean navigation https://brilliant.org/wiki/wave-equation



Modeling Hydrodynamics 
• What we are modeling:

– Astronomical Tides

– Water Surface Elevation Datums

– Storm Surge

– Wave Heights, Period, & Length





EWN® Toolkit for ERDC’s CSTORM

Streamlining & Standardizing Augmentation of Natural 
Based Solutions within the Numerical Modeling Framework

Natural Based Solutions (NBS) have Multiple Benefits 

Numerical Modeling can Quantify Performance of NBS



Modeling Hydrodynamics with 
Natural Based Solution (NBS) Features

• Adjust for;

– Elevation

– Drag

– Model Resolution

– Sea Level Rise

Gijsman Rik, Horstman Erik M., van der Wal Daphne, Friess Daniel A., Swales Andrew, Wijnberg Kathelijne M.
Nature-Based Engineering: A Review on Reducing Coastal Flood Risk With Mangroves 

Elevation

Sea Level Rise

Original Mesh Mesh with Added Marsh Features



Elevation Adjustment

Topography Bathymetry --> Momentum Flux
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Essentially, change in pressure,

and changes wave energy calc. 

Numerical simulation of shallow water equations and related models
H. Gunawan

https://ewn.el.erdc.dren.mil/nnbf.html
https://www.semanticscholar.org/paper/Numerical-simulation-of-shallow-water-equations-and-Gunawan/fe61b2d044a5fbd673fc9ab6c57257dc6d3ee152
https://www.semanticscholar.org/author/H.-Gunawan/2055549337


Flow Through Vegetation Adjustment

• Coef. Of Drag

Alexis Beudin, Tarandeep S.Kalra, Neil K.Ganju, John C.Warner
Development of a coupled wave-flow-vegetation interaction model



Resolution Adjustment

Area of Interest Mesh Resolution Resolved for Features



Sea Level Rise (SLR) Adjustment

SLR Considerations:
• Eng. Regulation 1110-2-8162 (June 2019) --

Incorporating Sea Level Change in Civil Works 
Programs

• Eng. Pamphlet 1100-2-1 (June 2019) –
Procedures to Evaluate Sea Level Change: 
Impacts, Responses, and Adaptation

• USACE Sea Level Change Curve Calculator 
(Version 2021.12) (https://cwbi-
app.sec.usace.army.mil/rccslc/slcc_calc.html)



The EWN® Toolkit for ERDC’s CSTORM
• The Toolkit allows for rapid representation of EWN 

features within a coastal, estuarine, and fluvial 
numerical model background. 

• EWN properties will be assigned as the polygons 
that represent those features are generated.

• The topographic and bathymetric changes will be 
assigned by the user and the Manning’s n value 
will be available in a look up table.



EWN® Toolkit for ERDC’s CSTORM 
Example Resolution Adjustment

Initial Regional Scale Mesh Mesh Refined to Include Proposed Features



EWN® Toolkit for ERDC’s CSTORM 
Example Topo/Bathy Adjustment

Mesh with Added 

Marsh Features

Original Mesh



EWN Toolkit Resources
To learn more about the EWN Toolkit, check out the following 
resources:

• EWN Toolkit Story Map

• SMS Tutorials from Aquaveo

• EWN Toolkit Coastal Storm Risk Management (CSRM) Course
Lecture Video/Tutorial

• CSRM course being offered at Coastal and Hydraulics
Laboratory in Vicksburg, MS in late winter/early spring 2023
–details forthcoming



Any Questions?

www.engineeringwithnature.org
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Please email:

Amanda.S.Tritinger@erdc.dren.mil

Margaret.B.Owensby@erdc.dren.mil

USACE Engineering Research & Development Center
Coastal and Hydraulics Laboratory

Original Mesh Mesh with Added Marsh Features
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