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PREFACE

Portions of the work described herein were authorized as a part of the

Civi1 Works Research and Deve10pment Program by Headquarters, US Army Corps of

Engineers (HQUSACE). Work was performed under the Shoreline and Beach

Topography Response Mode1ing Work Unit 32592, and the Calcu1ation of Cross­

Shore Sediment Transport and Beach Profile Change Work Unit 32530 which are

part of the Shore Protection and Restoration Program at the Coasta1

Engineering Research Center (CERC), US Army Engineer Waterways Experiment

Station (WES). Messrs. John H. Lockhart, Jr., James E. Crews, and John G.

Housley were HQUSACE Technica1 Monitors. Dr. Charles L. Vincent was Program

Manager for the Shore Protection and Restoration Program at CERC.

The studies at CERC were performed over the period 1 January 1988

through 30 October 1989 by Dr. Nicho1as C. Kraus, Senior Scientist, Research

Division (RD), CERC; Dr. Norman W. Scheffner, Research Hydrau1ic Engineer, and

Mr. Mark G. Gravens, Hydrau1ic Engineer, Coasta1 Processes Branch (CPB), RD;

and Dr. Steven A. Hughes, Hydrau1ic Engineer, Wave Dynamics Division (WOD) ,

CERC. Collaborators in this work were Drs. Hans Hanson and Magnus Larson,

Department of Water Resources Engineering, Institute of Science and

Techno1ogy, University of Lund, Sweden, and Dr. Lindsay Nakashima, former1y of

the Coasta1 Geo1ogy Section, Louisiana Geologica1 Survey, and present1y at

Woodward-C1yde Consultants, Baton Rouge, Louisiana. Acknow1edgments for site­

specific studies are contained within the main text.

The studies at CERC were under general administrative supervision of

Dr. James R. Houston and Mr. Charles C. Calhoun, Jr., Chief and Assistant

Chief, CERC, respectively, and under direct administrative supervision of

Mr. H. Lee Butler, Chief, RD; Mr. Claude E. Chatham, Jr., Chief, WOD; and

Mr. Bruce A. Eberso1e, Chief. CPB.

Dr. Kraus coordinated deve10pment and review of the papers. Mr. Gravens

and Dr. Mark R. Byrnes, CPB, were Principal Investigators of Work Units 32592

and 32530, respectively. Ms. Caro1yn J. Dickson, CPB, reformatted the papers

and provided organizationa1 support in preparing the manuscript.

COL Larry B. Fulton, EN, was Commander and Director of WES during fina1

report preparation. Dr. Robert W. Wha1in was Technica1 Director.
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FOREWORD

This report consists of seven papers dealing with prediction of beach

change by means of numerical simulation models. The papers were recently

published by members of the Coastal Engineering Research Center (CERC),

US Army Engineer Waterways Experiment Station (WES) , and colleagues from other

,organizations. The papers collectively provide an overview of the state of

research and engineering capabilities of numerical modeling of beach change,

as well as a framework for understanding the role of modeling in planning and

design of shore protection projects. This information is expected to be of

interest to US Army Corps of Engineers field offices and other public and

private organizations involved with technical aspects of beach change modeling

and the use of models in project planning and design.

Each paper comprises a chapter of this report. Five of the papers

appear in the proceedings of the Coastal Zone '89 conference, one is an

updated and expanded version of a paper appearing in that proceedings, and one

appears in the Proceedings of the Beach Technology '88 conference. Coastal

Zone '89 was held under the auspices of the American Society of Civil

Engineers, and Beach Technology '88 was held under the auspices of the Florida

Shore and Beach Preservation Association. In support of the Coastal Zone '89

conference, the editor of this report organized a special session of five of

the papers included here under the session theme, "Shoreline Change and Storm­

Induced Beach Erosion Modeling, " also used as the title of this report.

Six of the papers were reformatted and minor corrections made in

phraseology for publication in this report. The reformatted versions can be

considered as reprints of the originals which appear in the conference

proceedings, and the citation to the source is given at the top of the

respective title page. The paper by Mark B. Gravens is a substantially

revised version of his paper appearing in the proceedings of Coastal Zone '89

and includes final results and conclusions not available at the time of

writing of the conference paper. Therefore, it is an original contribution.

The papers treat three major topics; use of numerical simulation models

in project planning and design, prediction of long-term shoreline change, and

prediction of the response of the beach profile to storms. The first two
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papers primarily concern modeling and the planning process. The paper by

Nicholas C. Kraus develops a general framework for understanding the role of

numerical models of beach change in the planning and design process for shore

protection, and it also serves as an introduction to the technical papers

which follow. The paper by Steven A. Hughes describes an actual project and

the application of various types of models, illustrating some of the

principles described in the preceding paper.

The five remaining papers treat technical aspects of numerical simula­

tion of beach change, emphasizing procedures and results rather than mathe­

matical details. In development of the technical papers, an effort was made

to present the state of the art in both research and application of the

models. The paper by Hans Hanson and Nicholas C. Kraus presents the first

description of a recent advance in shoreline change modeling, the capability

to describe shoreline change produced by detached breakwaters that transmit

wave energy, and it includes tests of the model and verification for Holly

Beach, Louisiana. The paper by Mark B. Gravens describes an intensive

application of the shoreline change model to investigate the effect of

construction of a proposed entrance channel on the beach at Bolsa Chica,

California. The shoreline change project at Bolsa Chica is put in a broader

perspective of a multitasked study in the paper by Steven A. Hughes.

The final three papers concern modeling of storm-induced beach erosion.

The two papers written by Magnus Larson and Nicholas C. Kraus describe tests

of a newly developed model of storm-induced b~ach and dune erosion which has

some capability to simulate beach recovery af ter storms. They apply the model

to examine the relative behavior of two generic types of beach-fill cross­

sections for protection against attack by hypothetical storms and also discuss

the methodology of applying this emerging technology. In the third paper on

storm erosion, Norman W. Scheffner summarizes an application of a model of

storm-induced beach erosion to the north New Jersey coast. He takes a

statistical approach by which dune erosion-frequency of occurrence curves are

developed by driving the model with waves and water levels available from a

large data base encompassing both hurricanes and northeasters.

Nicholas C. Kraus
Editor
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Reprinted trom:
Proceedings of Coastal Zon. '89,
American Society of Civil Engineers,
pp. 553-567, 1989.

BEACH CHANGE MODELING AND THE COASTAL PLANNING PROCESS

Nicholas ·C.Kraus1

ABSTRACT

This paper describes the role of beach change numerical modeling
in the process of planning, design, and evaluation of shore
protection projects. Topics discussed include the capabilities of
modeIs, selection of the appropriate model, applications of models
to coastal planning, and how coastal managers can create condi­
tions which will maximize returns from models and lead to improved
predictions of project performance. The paper also serves as a
general introduction to more detailed papers on model applications
given in a special session of the Coastal Zone '89 conference
entitled "Shoreline Change and Storm-Induced Erosion Modeling."

INTRODUCTION

Beach stabilization and coastal flood protection are two major areas of

concern in the field of coastal engineering. Erosion, accretion, and change

in offshore bottom topography occur naturally through the transport of sedi­

ment by waves and currents. Additional changes result from perturbations

introduced by coastal structures, beach fills, and other engineering

activities. Beach change is controlled by wind, waves, currents, water level,

nature of the sediment and its s~pply, and constraints on sediment movement,

such as those imposed by coastal structures. These sediment processes are

nonlinear and have great variability in space and time. Although it is a

challenging problem to predict the course of beach change, such estimations

are necessary to design and maintain shore protection projects.

Prediction of beach evolution with numerical models has proven to be a

powerful technique that can be applied to assist in the determination of

project design. Models provide a framework for developing project problem

formulation and solution statements, for organizing data collection and

(1) Senior Research Scientist, U.S. Army Engineer Waterways Experiment
Station, Coastal Engineering Research Center, 3909 Halls Ferry Road,
Vicksburg, Mississippi 39180-6199.
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analysis and, importantly, for efficiently evaluating alternative designs and

optimizing the selected design. Most of the physical factors mentioned above

and their interaction can be represented in numerical simulation modeis.

This paper describes the use of numerical models in the planning process

for shore protection. It also introduces general concepts and capabilities

expanded upon in companion papers (Gravens 1989, Hanson, Kraus, and Nakashima

1989, Scheffner 1989, Larson and Kraus 1989) on models given in a special

session of the Coastal Zone '89 conference entitled "Shoreline Change and

Storm-Induced Erosion Modeling."

TYPES OF KODELS

Coastal Experience / Empirical Kodels

The best "model" is to know the optimal project design from experience.

Because of the complexity of beach change, design decisions should be grounded

on "empirical modeling," i.e., adaptation and extrapolation from other pro­

jects on coasts similar to the target site. Coastal experience and under­

standing of coastal processes (waves, currents, sediment transport) and

geomorphology are essential. However, prediction through coastal experience

without the support of an objective, quantitative tooI, such as a numerical

model, has limitations:

~. It relies on the judgment of specialists familiar with specific
regions of the coast and on experience with previous projects, which
may be limited, inapplicable, or anachronistic.

Q. It is subjective and does not readily allow comparison of alternative
designs with quantifiable evaluations of relative advantages and
disadvantages. Also, conflicting opinions can lead to confusion and
ambiguity.

g. It is not systematic in that it may not include all pertinent factors
in an equitable manner.

~. It does not allow for estimation of the functioning of new, novel, or
complex designs. This is particularly true if the project is built in
stages separated by long time intervals.

g. It cannot account for the time history of sand transport as produced,
for example, by variations in wave climate, modifications to coastal
structures, and modification of the beach.

f. It does not provide a methodology and criteria to optimize project
design.
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Finally, complete reliance on coastal experience places full responsi­

bility of project decisions on the judgment of the engineer and planner

without recourse to external and alternative procedures.

Beach Change Numerical Models

The capabilities of the various types of beach change numerical models are

compared in this section. Fig. 1 extends and updates the classification

scheme of Kraus (1983) for comparing models of beach evolution by their

spatial and temporal domains of applicability. The domains were estimated by

consideration of model characteristics, accuracy, and computation costs. The

ranges of these domains will expand as knowledge of coastal sediment processes

improves, models are improved and refined, wave and beach topography data

become more abundant, numerical schemes become optimized, and computer costs

decrease. The remainder of this section will discuss the capabilities and

limitations of the classes of models compared in Fig. 1.

Analytical models of shoreline change

Analytical models are closed-form mathematical solutions of a simplified

differential equation for shoreline change derived under assumptions of steady

wave conditions, idealized initial shoreline and structure positions, and

simplified boundary conditions. Longshore sand transport is represented,

whereas cross-shore transport is omitted, yielding a l-dimensional (10) model.

Because of the many simplifications needed to obtain closed-form solutions,

particularly the assumption of constant waves, analytical models are usually

too crude for use in design. Analytical solutions serve as a means to examine

trends in shoreline change and to investigate basic dependencies of the change

on waves and initial and boundary conditions. Larson, Hanson, and Kraus

(1987) give a survey of more than 25 new and previously derived analytical

solutions of the shoreline change equation.

Profile change / beach erosion models

Beach erosion models calculate sand loss on the upper profile resulting

from storm surge and waves (Kriebel 1982, Kriebel and Oean 1985, Larson 1988,

Scheffner 1988, 1989). This 10 model is simplified by omitting longshore sand

transport processes, i.e., constancy in longshore processes is assumed, so

that only one profile at a time along the coast is treated. Although such

7
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Fig. 1. Classification of beach change models

models can calculate with some reliability beach erosion produced by large

storms, considerable research remains to be done to extend them to simulate

major morphological features of the profile, such as bars and berms, and beach

recovery (Larson 1988, Larson, Kraus, and Sunamura 1988, Kraus and Larson

1988, Larson and Kraus 1989) and hence become true "profile change" models.

Shoreline change model

The shoreline change numerical model is a generalization of analytical

shoreline change models. This lD model enables calculation of the shoreline

response to wave action under a wide range of beach, coastal structure, wave,

and initial and boundary conditions, and these conditions can vary in space

8



and time (Kraus 1983, Kraus and Harikai 1983, Kraus, Hanson , and Harikai 1984,

Hanson and Kraus 1986a, Hanson 1987, Hanson and Kraus 1989, Gravens and Kraus

1989). Oespite the assumption of constancy of beach profile shape alongshore,

the shoreline change model has proven to be robust in predictions and provides

a complete solution of the equation governing shoreline change. Because the

profile shape is assumed to remain constant, in principle, onshore and off­

shore movement of any contour could be used to represent beach change. Thus,

this type of model is sometimes referred to as a none-contour linen model or,

simply, "one-linen model. Since the mean shoreline position (zero-depth

contour) is conveniently measured and such data are usually available, the

representative contour line is taken to be the shoreline.

Multi-contour line / schematic three-dimensional (30) models

Three-dimensional beach change models describe the response of the bottom

to waves and currents, which can vary in both horizontal (cross-shore and

longshore) directions. Therefore, the fundamental assumptions of constant

profile shape used in shoreline change models and constant longshore transport

in beach change models are relaxed. Although 30 models are the ultimate goal

of deterministic calculation of sediment transport and beach change, achieve­

ment of this goal is limited by our capability to predict sediment transport

processes and wave climates. In practice, simplifying assumptions are made to

produce schematic 30-models, for example, to restrict the shape of the profile

or calculate globa1 rather than point transport rates. Per1in and Oean (1978)

introduced an extended version of the "2-contour 1ine model" of Bakker (1968)

to an n-contour line model in which depths were restricted to monotonically

increase with distance offshore.

Schematized 30 beach change mode1s have not yet reached the stage of wide

app1ication; they are limited in capabilities due to their comp1exity and

require considerab1e computational resources and expertise to operate.

Introduction of these models into engineering practice is expected in the near

future, however.

9



Fully 3D models

Fully 3D-beach change models represent the state-of-art of research.

Waves, currents, sediment transport, and changes in bottom elevation are

calculated point by point in small areas defined by a horizontal grid placed

over the region of interest. Use of these models requires special expertise,

powerful computers, and extensive field data collection programs (Vemulakonda

et al. 1988), and applications have been limited to large and high-funded

projects. Because fully 3D-beach change models involve the detailed physics

of sediment transport, they require extensive verification and sensitivity

analyses.

Summary of model capabilities

Only two types of well tested beach change numerical simulation models are

presently available for general use, namely, the storm-induced beach erosion

model and the shoreline change model. The storm erosion model is site specif­

ic in that local profile information and storm statistics are the main inputs.

This type of model is discussed in a deterministic approach by Larson and

Kraus (1989) and in a statistical approach by Scheffner (1989) in papers

companion to this one.

The shoreline change model requires comprehensive data on the local and

regional levels. Therefore, it is an ideal vehicle for systemizing the

planning process for coastal protection, and the remainder of this paper wil1

deal with this model. Examples illustrating shore1ine change model capabi1i­

ties are given in companion papers by Gravens (1989) and Hanson, Kraus, and

Nakashima (1989), and Hughes (1989).

The shoreline change numerical model simulates long-term evolution of the

beach plan shape and provides a framework to perform a time-dependent sediment

budget analysis. As such, its operation and output are readily understood by

coastal engineers and managers. The model is robust in that it can describe a

wide range of conditions encountered in shore protection projects. The

Coastal Engineering Research Center of the u.s. Army Engineer Waterways

Experiment Station is in the final stages of re1easing the model GENESIS

(GENEra1ized model for SImulating ~horeline change) (Hanson 1987, 1989, Hanson

and Kraus 1989) for widespread use in the Corps of Engineers. Much of the
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material described in this paper was gained by experience in applying GENESIS

and its predecessor model on numerous projects.

SHORELINE CHANGE MODEL

Uses

The shoreline change model is best suited to situations in which a system­

atic trend exists in long-term change of shoreline position, such as retreat

downdrift of a groin or jetty, and advance of the shoreline behind a detached

breakwater. The dominant cause of shoreline change in the model is related to

changes in the sand transport rate along the coast produced by waves and wave­

induced currents. Cross-shore transport processes such as storm-induced

erosion and cyclical movement of the shoreline produced by seasonal variations

in wave climate are assumed to cancel or to average out over a long simulation

period.

Figs. 2a-c show an example of shoreline change which is weIl suited for

modeling (Kraus and Harikai 1983, Kraus, Hanson , and Harikai 1984). The site

is Oarai Beach, located about 180 km north of Tokyo on the Pacific Ocean coast

of Japan. A 500-m long groin was constructed to protect a fishing harbor from

infiltration by sand carried by the longshore current (long groin located at

x - 0 in Fig. 2). Figs. 2a and 2b show that the shoreline had a clear

tendency to advance on the updrift side of the long groin independent of

season if the interval between compared surveys is one year. Fig. 2c gives a

plot of shoreline positions surveyed during each season of one year. The

tendency of the shoreline to advance is partially obscured because the

relatively short interval of 3 months includes the effect of individual storms

and other seasonal variations in wave climate, such as changes in predominant

direction and wave steepness, on shoreline position.

Duration of Simulation

The duration of the simulation depends on the wave and sand transport

conditions, characteristics of the project, and whether the beach is close to

or far from equilibrium. Immediately after completion of a project, the beach

is far from equilibrium, and changes resulting from longshore sand transport

dominate over storm and seasonal changes. Shoreline change calculated over a

short interval will probably be reliable in such a case. As the beach ap­

proaches equilibrium with the project, the simulation interval must usually be

11



extended to a number of years to obtain valid predictions. Stated different­

ly, the shoreline change model best calculates shoreline response in transi­

tion from one equilibrium state to another, which occur over months to years.

Spatia1 Extent of Simu1ation

The spatial extent of a region to be simu1ated with a shore1ine change

model can range from the single project scale of hundreds of meters to the

regional scale of tens of kilometers. The modeled longshore extent will

mainly depend on the physical dimensions of the project and boundary condi­

tions controlling the sand transport. Dimensions of the project are at a

local level, whereas placement of boundary conditions mayor may not require

extension to a regional level. Evaluation of possible effects of the project

on neighboring beaches mayalso dictate extension of the spatial range of the

simulation. Shoreline change numerical models require minimal computer

resources and are usually capable of covering a regional scale for engineering

studies.

As previously discussed, shoreline change models are designed to describe

long-term trends of the beach plan shape in the course of its approach to an

equilibrium form. This change is usually caused by a notable perturbation

(for example, construction of a groin or jetty). Shoreline change models are

not applicable to simulating a highly fluctuating beach system in which no

trend in shoreline position is evident, such as on a long natural beach.

Specifically, the shoreline change model GENESIS, in its present form (Version

2), is not applicable to calculating beach change in the following situations:

interior of inlets or areas dominated by tidal flow; storm-induced beach

erosion in which cross-shore sediment transport processes are dominant; scour

at structures; and sediment transport processes in the offshore.

Capabi1ities

Table 1 gives a summary of major capabilities and limitations of Version

2.0 of the shoreline change simulation model GENESIS.

12
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Table 1

Capabilities and Limitations of GENESIS Version 2.0

Capabilities

* Almost arbitrary numbers of groins, jetties, detached breakwaters, beach
fills, and seawalls

* Structures and beach fills in almost any combination

* Compound structures such as T-shaped groins and spur groins

* Bypassing of sand around and transmission through groins and jetties

* Diffraction at detached breakwaters, jetties, and groins

* Wave transmission through detached breakwaters

* Coverage of wide spatial extent

* Offshore input waves of arbitrary height, period, and direction

* Multiple wave trains (as from independent wave sources)

* Sand transport produced by oblique wave incidence and by alongshore
gradient in wave height

* Highly automated, numerically stable, and weIl tested

Limitations

* No wave reflection from structures

* No tombolo development in a strict sense (shoreline not a110wed to touch a
detached breakwater)

* S1ight restrictions on 1ocation, shape, and orientation of structures

* Basic 1imitations of shoreline change modeling theoryl)

1) Note: For further information on the theory of shore1ine change numerica1
mode1ing and GENESIS, see Hanson and Kraus (1989)
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SHORELINE CHANGE MODELING AS A TOOL IN THE PLANNING PROCESS

Elements of the Planning Proeess

This seetion discusses the role of shoreline change numerical modeling in

the overall process of planning, design, construction, and evaluation of

project performance. The material addresses the question of how a shoreline

change model fits in the decision process of eoastal management. The purpose

of such planning is to determine the most effective socio-economie engineering

solution to a shore protection problem. The planning proeess consists of the

following steps:

~. Formulate problem statement, identify constraints, and develop
criteria for judging the performance of the project.

Q. Assembie and analyze relevant data.

g. Determine project alternatives.

Q. Evaluate alternatives. (Return to Step ~, as neeessary)

~. Select and optimize project design.

f. Construct the project.

&. Monitor the project.

h. Evaluate the project according to Step ~ and report the results.

These steps and their interrelation are shown diagrammatically in Fig. 3,

in which stages in the planning process where modeling can take an active role

are designated with the word "model" in parentheses.

Step a. A clear problem statement and criteria for judging the project

design (including the advantages/disadvantages of design alternatives) must be

developed to determine in an objective manner the success or failure of the

project. The problem statement and judgment criteria should be explicit.

Otherwise, passage of time between project planning and the performance

evaluation may obscure the original purpose, and project functioning may be

evaluated out of context.

The problem statement and judgment criteria will usually encompass several

factors, including local and regional considerations. This is called

comprehensive planning, as opposed to single-project planning. For example,

suppose a seetion of road along a coast is threatened byerosion. One pos­

sible problem statement is that erosion is endangering major resources between
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points A and B. A criterion for judging the solution would be to halt the

erosion for less than X dollars in initial construction and less than Y

dollars in annual maintenance. Suppose that a revetment is selected as

providing the optimal solution and is constructed and maintained within

budget. Also, monitoring shows that the project performed as intended. The

project has satisfied the original objectives under single-project planning.

However, if, af ter construction, it is determined that the beach downdrift of

the project had eroded because of sand deprivation (caused, for example, by

encasement of sand by the revetment), it may be judged that the project was a

failure. A similar project might have as its comprehensive planning problem

statement protection of the road and mitigation of erosion of the downdrift

beach. This would lead to a different solution, for example, a revetment to

protect the road and periodic nourishment for the downdrift beach.

It is essential to distinguish failures in planning and failures in

projects themselves if lessons are to be learned from experience.

Step b. All relevant data should be assembied and analyzed with a view

toward both defining the problem statement and arriving at a solution ap­

proach. In the example given above, an evaluation of data on shoreline change

and the predominant direction of longshore sand transport would have led to a

more comprehensive problem statement. Data gaps, such as lack of shoreline

position data and wave data, may suggest establishment of data collection

programs and wave hindcasts.

Steps c and d. Development of a project from the point of identification

of the problem through construction and performance evaluation involves

consideration of five general criteria:

(1) Technical feasibility.

(2) Economic justification.

(3) Political feasibility.

(4) Social acceptability.

(5) Legal permissibility.
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(a)

PROJECT PROBLEM STATEMENT
1------------------------

CRITERIA FOR JUDGING PROJECT PERFORMANCE

(b)

ASSEMBLE AND ANALYZE DATA
(MODEL)

(c)

IDENTIFY PROJECT ALTERNATIVES
(MODEL)

(d)

EVALUATE ALTERNATIVES
(MODEL)

YES
REDEFINE PROJECT?

NO

(e)

OPTIMIZE PROJECT DESIGN
(MODEL)

(1)

CONSTRUCT PROJECT

(g)

MONITOR PROJECT
(MODEL)

(h)

EVALUATE PROJECT
f----------------

REPORT RESULTS

Fig. 3. Major steps in project planning and execution
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Technical feasibility concerns the magnitude of the wave, current, and

sediment transport processes; availability of construction materials; limita­

tions on project design due to external factors; and limitations on access to

the site; and capabilities of the project staff. Economic justification

concerns the project benefits and is typically the major driving force of a

shore protection project. Funding fo~ the project planning and design staff,

and construction, maintenance, and monitoring costs also enter into the

economic justification, as well as potential benefits. Economie justifica­

tion, political feasibility, social acceptability, and legal permissibility

are interconnected, since the local, state, and Federal governments share in

the funding and permitting of a project.

Evaluation of alternatives involves simultaneous assessments of technical

and economie feasibility to arrive at a cost-beneficial design. During the

detailed investigation of alternatives and use of the data base developed at

Step Q, it may become apparent that the original problem statement and judg­

ment criteria for the project need to be refined. For example, project

planning may be initiated to satisfy alocal need, but later evolve beyond the

primary (site-specific) problem to include impacts on a regional scale (com­

prehensive planning).

Step e. Once an alternative is selected, it is necessary to optimize the

design so that the greatest benefit is obtained for the least cost.

Steps f and g. Af ter the project is constructed, it should be monitored

to ascertain that the final design was implemented and to evaluate its

performance. The monitoring plan is devised to answer the question of whether

the project achieved its purpose according to the criteria developed at Step

~. By designing the monitoring program to address Step ~, both a productive

and economical monitoring plan can be developed. Results of the project

should be published and the processed data archived for use in future assess­

ments and to serve as guidance in other projects.

Role of Shoreline Change Modeling

Shoreline change numerical modeling is closely associated with and can

greatly aid the planning process described in the preceding section. Planners

and engineers can use the guidance given below to establish an approach

conducive to optimal use of modeling capabilities.
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