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Problem Statement
 Prediction of long-term (decadal) and regional (101~102 km) shoreline 

changes is a key task in regional coastal management practices.
 A range of methods including beach fills/nourishment, sand bypassing 

and structures have been utilized to mitigate coastal erosion. The 
Regional benefits and interactions of these methods are difficult to 
quantify along regional-scale coastlines.

 Quantifying erosion risk and uncertainty in simulating long-term 
shoreline changes is essential for risk-based coastal management 
practice.

 GenCade provides various capabilities for predicting long-term and 
regional shoreline evolution driven by longshore and cross-shore 
transport and coastal protection measures. The model has to be 
validated by applying to engineering practices.

Strategic R&D: Innovation in Sediment Management (Shoreline Erosion ) 

SoN #1846 - Development of Long‐term Simulation Capabilities to Predict Risk‐Based 
Shoreline Changes in Regional‐Scale Coast
SoN-NAV-1726 (Nearshore Nourishment Best Management Practices)
SoN-1386 (Strategic Nearshore Placement of Dredged Material to Sustain Coastal Beach & 

Dune Resilience)
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Capability and Strategic Impact Statement 
CAPABILITIES

• GenCade simulates long-term shoreline change, longshore and 
cross-shore sand transport, and inlet morphology on a local to 
regional scale.

• Provides long-term impact assessment of structure and non-
structural protection measures for engineering planning.

• Operated in SMS, GenCade brings functionality of a georeferenced 
environment together with accessibility of other USACE numerical 
models (CMS, SBAS, etc).

• The GenCade team provides training workshops, technical 
services, and trouble shooting. 

APPLICATIONS
• GenCade shoreline evolution model has been successfully applied 

to reproduce long-term shoreline changes with various erosion 
protection measures.

• Long-term shoreline simulations are essential to evaluate long-
term (e.g. a life cycle) effect of erosion protection.

• GenCade Monte-Carlo simulation provides an effective tool to 
estimate uncertainties of shoreline changes and sediment 
transport driven by wave conditions and erosion protections.

BENEFITS
• Predictions of shoreline changes and sediment transport volumes 

facilitate optimization of regional sediment management, which 
can provide cost-effective solutions.

• Quantify erosion risks and uncertainty of protection measures for 
risk-based coast design.

• Continuous improvement of simulation capabilities, user training, 
and technical services broaden benefits of GenCade for CSRM 
practices.
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GenCade – SMS 13.3+ interface (DMI and others)

Completed:

• All Input from User for Grid, Structures, 
Events, and Point attributes

• Creation of 1-D grid
• Model Control including new Cross-shore and 

Monte Carlo
• Saving out all necessary input files for 

GenCade to run

Remaining:

• Import model native files (*.gen) into SMS
• Visualize results from GenCade simulation

Approximately 90% complete. 
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GenCade +CMS For shoreline evolution Modeling
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Leverage GenCade’s Capabilities by Coupling with CMS

• Develop more coastal processes using CMS results to 
enhance predictability of long-term and regional 
shoreline changes.

• Leverage GenCade’s capability to sediment volume 
management in a regional CSRM project scale and 
lifecycle of beachfills.

Model Pearson Coeff. RMS (CY/ft) NRMSE* (%)

CMS 0.619 48.409 32.01

GenCade 0.806 28.805 19.05
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Tidal Currents by CMS-Flow for GenCade

Alongshore Tidal Currents
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CMS and GenCade for Assessment of Beach Nourishment
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GenCade: Technical Transfer
• Internally release GenCade v2.0 (to SWG, SPL)
• GenCade Workshop, Los Angeles District, LA, 06/12-16/2023
• CIRP TD on GenCade and CMS for Absecon Inlet, 10/28/2023
• Presentations in AGU Fall Meeting, Dec. 2023, and AGU OSM, Feb. 2024 

(GenCade Monte-Carlo, GenCade+CMS, etc.) 
• One presentation about GenCade to NASA-NAO Wallops Island, Mar. 2024
• One oral-presentation planned for ASCE-EWRI’ 24,05/21/2024
• 2 TRs under Review/Preparation, 1 CHETN under preparation, CW-r&D 

VTN book chapter
• Serving District engineers (NAP, NAP, SAM) for problem solving, reviewing, 

and program development
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GenCade-Monte-Carlo with SWCE model (CODS)
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Summary
FY23 Major Advances in Capability

• Internally release GenCade v2.0
• Develop DMI GenCade Interface (near completion)
• Upgraded GenCade to include Monte-Carlo and Cross-

Shore transport
• Debug and optimize codes
• Reimbursable projects (NAP, NAO, EWN/SAS)
• Updated GenCade wiki
• Publications and technical transfer

FY23 Major Products & Collaborations
• 4 TRs under preparation: GenCade M-C, Jekyll Island 

Sand Motor, Lynnhaven Inlet, Absecon Inlet
• 1 Training Workshop: 06/12-16/2023
• 4 Oral Presentations: CIRP-TD, CE-PROSPECT, AGU 

OSM, NASA-NAO Wallops
• 1 Poster: AGU Fall
• 5 Reimbursable Projects: NAP-Absecon, NAO-

Lynnhaven, Wallops, SAS-Jekyll Island, LRC-Crescent 
Beach

• Leveraging to other Programs: EWN – Deer Island 
Restoration, CMS (wave/flow/sediment)

Planned Outyear Products/Advances 
• Continue working on DMI development with Aquaveo (FY24)
• GenCade with subaerial sediment transport (Aeolian process, interacting berm with dune) (FY24)
• Validate a coupling algorithm for shoreline evolution and sediment transport by GenCade+CMS (FY24-25)
• Release GenCade V.2.0 (Cross-shore + Monte-Carlo), publish TR (FY24)
• Cross-shore transport for beach fill / nourishment and nearshore placement (FY25) 
• Stochastic Wave Climate model (SWCM) under CODS will leverage the capability of GenCade-MC (FY24-25)
• CoastSat or SSM for GenCade (FY24-25)
• Collaboration with universities and other agencies (USGS-CoSMoS)
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Civil works – value to the nation
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Recent Publications on GenCade
• USACE Reports

o Ding, Y., Hampson, R., Friebel, H., Watson, K., and Kim, S.-K. (2022). Calibration and Validation of Shoreline Evolution Model on the Erosion Hot Spot 
near Absecon Inlet, Atlantic City, New Jersey, ERDC-CHL LR-23-1. 

o Ding, Y., S. C. Kim, R. Permenter, R. Styles, and Gebert, J. A. (2021). Simulations of Shoreline Changes along the Delaware Coast, ERDC/CHL TR-21-1, 
Vicksburg, MS: US Army Engineer Research and Development Center, http://dx.doi.org/10.21079/11681/39559, January 2021

o Ding, Y., Styles, R., Kim, S-C, Permenter, R., Frey, A. (2020). Cross-Shore Transport Feature for GenCade, ERDC/CHL CHETN-IV-123, April 2020. 
o Kim, S. C., Styles, R., Rosati, J., Y. Ding, and R. Permenter (2020). A Comparison of GenCade, Pelnard-Considere, and LITPACK, ERDC/CHL CHETN-IV-

124, April 2020
• Journal Publications

o Ding, Y., Styles, R., Kim, S.-C., Permenter, R.L., and Frey A.E. (2021). Cross-shore sediment transport for modeling long-term shoreline evolution, J. 
Waterway, Port, Coastal, Ocean Eng., 2021, 147(4): 04021014, 25pp., DOI: 10.1061/(ASCE)WW.1943-5460.0000644

o Whitley, A. E., Figlus, J., Valsamidis, A., and Reeve, D. E. (2021). One-line modeling of mega-nourishment evolution. Journal of Coastal Research, 37(6), 
1224–1234. https://doi.org/10.2112/JCOASTRES-D-20-00157.1

• Conference Papers and Posters
o Ding, Y., et al. (2023). Modeling of Long-Term Shoreline Evolution along Barrier Islands for Coastal Erosion Assessment, AGU Fall Meeting, San 

Francisco, CA, Dec. 11-15, 2023.
o Ding, Y., Hampson, R., Friebel, H., and Watson, K. (2023). Long-term and regional shoreline evolution along Ab second Island, New Jersey, In: 

Proceeding of Coastal Sediments 2023, pp1466-1476. World Scientific, https://doi.org/10.1142/9789811275135_0136
o Ding, Y. (2022). Long-term and Regional Shoreline Evolution around Coastal Inlets, in Proceedings of the ASCE-EWRI 2022 Congress, 11p, pp379-389, 

https://doi.org/10.1061/9780784484258.035.
• Training Materials

o GenCade Workshop (Hands-on example, ppts, etc.) , https://cirp.usace.army.mil/techtransfer/workshops/SPL-2023/SPL-Workshop.php

https://doi.org/10.2112/JCOASTRES-D-20-00157.1
https://doi.org/10.1142/9789811275135_0136
https://doi.org/10.1061/9780784484258.035
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