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Hurricane and Storm Damage Reduction Model

Status Report on Model Development, Model Version 0.20

1. Summary of Status

A comprehensive conceptual framework and structure has been developed, based on design documents and ongoing discussions with team members.  Much of this structure has been implemented in both the model and database.  Model and database development have necessarily proceeded in parallel.  A good deal of effort has gone into developing a rational coordinate system and geographic specification of locations for reaches, lots, damage elements, and cross-shore SBeach references, making the model much more readily usable with GIS data.

At present, the model has capability to:

· Evolve the cross-shore profile in response to storms, recovery, and nourishment;

· Calculate damages based on post-storm situations and user-defined damage functions for wave, flood, and erosion damages;

· Summarize and display statistics on model behavior, and economic costs and benefits;

· Synthetically generate sequences of storms from a record of “plausible storms”;

· Schedule and perform planned nourishment;

· Provide visualization displays in plan and profile view;

· Provide detailed outputs that allow for tracking of internal model behavior.

Not presently implemented are features for:

· Land Loss

· Armoring

· Cumulative Damages / Rebuilding

· Emergency Nourishment

· Environmental Windows

· Planform Evolution

· Historical Erosion Rate

A User Interface is in initial stages of development.

Model development to date has demonstrated that we have achieved a robust framework for this type of analysis.  The major issues that currently need to be addressed are:

· Detailed Review of internal methodologies and representation

· Adequacy of simplified profile representation

· Profile evolution methodology

· Damage estimation methodology

· Incorporation of Additional Features

· Inclusion of Armoring capability

· Inclusion of Planform Evolution

· Time-based recovery algorithms

· General issues of data development and database building

· User Interface requirements

· Application of the model in a “test bed” environment, as part of a real-world Corps analysis effort

2. Conceptual Framework

The overall conceptual framework remains basically the same as previously:
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The three variables of berm width, dune width, and dune height are the primary things that vary during profile evolution due to storms or nourishment.  In the without project condition, once the dune has been eliminated, upland width is reduced due to storm events, giving a retreating shoreline.

3. Event Processing

Within this framework, the simulation proceeds, storm by storm, profile by profile, reach by reach.  Events at present are:


Storm Event


Start of Planned Nourishment Cycle


Check Reach Nourishment


Start Reach Nourishment


End Reach Nourishment

Storm Event

A set of “plausible storms’ is developed externally through analysis of historical storm patterns at the site.  The historical storm record is extended by assuming that the historical storm can also take place at various combinations of tidal phase and level, such that, for each historical storm, 12 additional plausible storms are generated.  This set of plausible storms (plus the historical storms) are stored in the database, and used as the basis for SBeach runs to determine beach profile response.

Storm event sequences are generated based on seasonal probabilities of tropical/extratropical storms.  For each season of each year of simulation, a Poisson probability distribution is used to determine the number of storms of each type that occur in the given season.  Then, using a bootstrap sampling with replacement approach, storms are selected from the plausible storm set for the appropriate storm type and season.  The timing of each such storm is currently set randomly within the storm season.  This approach allows for the generation of any desired number of sequences of plausible storms.

Each storm event of the generated sequence is processed in order.  For each storm event, all profiles are processed in turn.  For each profile, all reaches using the profile are processed.

Reach processing involves determination of the post-storm and post-recovery berm width, dune width, and dune height, through lookup into the externally-generated database of storm responses, choosing the information that best fits the pre-storm reach configuration.  Post-storm berm width recovery is applied.  For each lot within the reach, and for each damage element within the lot, wave, flooding, and erosion damages are calculated.  At present, there is no associated damage calculation at the lot level, lots are only used as containers for damage elements.

For each damage element and damage type, an appropriate driving parameter is derived based on information in the database.  The driving parameter for wave and flooding damage is a measure of water elevation above the 1st floor of the damage element.  For erosion, the damage driving parameter is “% of footprint compromised”, based on evaluation of erosion at 10 points along the cross-shore footprint of the damage element.  Damages are then calculated based on function lookups into the appropriate function, based on damage element type.  Damage functions for structures are taken from data provided by the IWR-sponsored Coastal Storm Damage Workshop Report, which used an expert elicitation to provide low, typical, and upper level damage functions (as % damage value vs. driving parameter) for single-family residential structures of various construction and foundation types.  Damage functions are provided for wave, erosion, and flooding.
Nourishment Event

Planned nourishment is based on design templates and nourishment cycles.  Nourishment cycles are defined as periodic (e.g. every 3 years).  An order of reach nourishment is defined in the database, as well as reach-level design templates (dune width/height, berm width), and placement rates.

All reaches to be nourished are examined, to determine if mobilization is warranted.  The existing reach profile is compared to the design template, and nourishment volume is determined.  If the total nourishment volume for all reaches exceeds a user-defined threshold, then mobilization and nourishment take place.

If nourishment is required, then nourishment time is determined based on placement rates.  A start nourishment and end nourishment event for the first reach are created.  At the end nourishment event, the reach profile is set to the design template, and the next reach in processing order is examined, to see if nourishment is required.  The process continues into all reaches have been handled.

Cost of nourishment, including mobilization and placement costs, is calculated based on nourishment volumes and user-defined cost-related parameters.

4. Data Development

Bogue Banks information, as provided by SAW, is the basis for detailed data development.  Mark Gravens has developed plausible storms and representative profiles, and performed SBeach runs on these profiles for two reaches representing a portion of the Atlantic Beach area.  John McCormick has provided GIS files containing location of reaches, SBeach profiles, and damage elements.  Mike Wutkowski and Bob Finch have provided information on structures and damage functions.  

Post-processing analysis capabilities have been developed to analyze the output files associated with each SBeach run, in order to obtain needed information and store it in the shore response database.  This involves extraction of post-storm dune height/width and berm width, and development of erosion profiles and water level profiles. 

Information provided by SAW on structures and lots has been converted to the requisite format, and added to the database.

Damage functions for structure value have been obtained, as noted above, from the Coastal Storm Damage Workshop elicitation, and stored in the database.

5. Next Steps

Each aspect of the model needs further examination.  At present, a primary issue is how to improve the profile evolution methodology, particularly for the without-project condition.  Other major issues involve the need for additional damage functions, the ability to handle armoring, and planform evolution questions.  As well, a user interface and data development tools need to be created.  Other issues, such as land loss and emergency nourishment also need to be addressed, but the expected solutions should fit easily within the overall model approach and framework.

The framework, model, and database as developed thus far are in line with our design intentions, and provide a sound basis for additional work on the model.  Further testing with the Bogue Banks dataset is desirable, and additional testing with a “test bed” developed in conjunction with a real-world Corps project is also desirable.
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