Form Approved
REPORT DOCUMENTATION PAGE OMB o, 7040188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection
of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information QOperations and Reports
(0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be
subject to any penalty for failing to comply with a collection of informatian if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
05JUN2002 Conference Proceedings (not refereed)
4. TITLE AND SUBTITLE ' 5a. CONTRACT NUMBER

Evatluation Of Nearshore Profile Predictions

Bb. GRANT NUMBER

5¢c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
N. Plant

5e. TASK NUMBER

5f. WORK UNIT NUMBER
74-6623-02

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

NRL/PP/7440--02-1019

Naval Research Laboratory
Marine Geosciences Division
Stennis Space Center, MS 39529-5004

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

Office of Naval Research ONR

800 North Quincy Street :

Arlington, VA 22217-5660 11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution is unlimited

20020730 270

14. ABSTRACT

Currently, there are a number of models capable of predicting hydrodynamic and bathymetric evolution across the nearshore profile.
These models encompass horizontally 1-dimensional and 2-dimensional evolution. Also, there are a number of hydrodynamic and
bathymetric data sets, which span time periods of days [e.g., Bitkemeier and Thornton, 1994] to decades {e.g., Wijnberg, 1995].

Yet, the skill of existing nearshore process models at predicting observed nearshore bathymetric change over a range of time-scales
has not been well described.

15. SUBJECT TERMS
hydrodynamic, bathymetric, nearshore profile

16. SECURITY CLASSIFICATION OF: 77. LIMITATION OF _[18. NUMBER |19a. NAME OF RESPONSIBLE PERSON
a. REPORT |b. ABSTRACT |c. THISPAGE|  ABSTRACT ohGes |Nathaniel Plant
. . . imi 19b. TELEPHONE NUMBER (includ: de)
unclassified | unclassified | unclassified Unlimited 2 28 68{£ 05u3;_:rea cose

Standard Form 298 (Rev. 8/98)
Prescribed by ANS| Std. 239.18




N.G. Plant: 1

EVALUATION OF NEARSHORE PROFILE PREDICTIONS

Nathaniel G. Plant
Oceanographer, Naval Research Lab, Stennis Space Center, MS, 39529, USA

1. INTRODUCTION

Currently, there are a number of models capable of
predicting hydrodynamic and bathymetric evolution across
the nearshore profile. These models encompass horizontally
1-dimensional and 2-dimensional evolution. Also, there are
a number of hydrodynamic and bathymetric data sets, which
span time periods of days [e.g., Birkemeier and Thornton,
1994] to decades [e.g., Wijnberg, 1995]. Yet, the skill of
existing nearshore process models at predicting observed
nearshore bathymetric change over a range of time-scales
has not been well described.

2. FORWARD MODELING

We compared the predictions obtained from a simplified
process-based, 1-D-horizontal profile evolution model
[Plant et al., 2001} to parts of a 20-year long data set of
observed profile evolution from Duck, NC, USA (Figure 1).
The model formulation included a wave height

transformation and a sediment transport formulation:

Bi H =F(H, h, parameters)> O]

X

where H is the rms wave height, and h is the water depth,
and the parameterization is that of Thornton and Guza
[1983].

The transport parameterization was
Q= (C H*h3? )

RG]

The term in parentheses is a wave stirring term, and the
terms in braces form a rectification function (Figure 2)
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Figure 1. Initial observed profile (dots), final observed
profile (dashed), and final predicted profile (solid)
corresponding to the DELILAH experiment.

representing the influences of downslope transport, onshore
transport due to weak wave nonlinearity (e.g., wave
skewness), and offshore transport due to strong nonlinearity
(e.g., undertow). Three free parameters are ¢, rj, and r,
which are expected to be O(10-3- 10-4), O(1), O(1).

Finally, sediment continuity was invoked:

d _9 , 3

g(_zb)_ % Q ®
where Z, is the bed elevation relative to a fixed datum.

The model was initialized with an observed (alongshore-
averaged) profile and forced at the seaward boundary with
observed wave heights and tides. Hydrodynamic data were
linearly interpolated to computation times. Wave angle and
alongshore currents were ignored.

The bathymetric evolution was computed using an
Adams-Bashforth scheme with a spatial step, Ax, of 20 m
and a time step, At, of 3 hours.

3. INVERSE MODELING

Using an initial guess of the parameter values {c=1e-3,
r=0.5, r, =1}, the sensitivity of a run of the forward model
results with respect to the parameters was estimated using
the adjoint model (equations not presented here). The
sensitivity estimates and the deviations between all mode!l
predictions and all observations (18 days of beach surveys
in the case of the DELILAH test) were used to estimate
improved model parameters. The procedure was repeated
iteratively to minimize the sum of the squared error.
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Figure 2. Sediment transport rectification function.
The first guess represents the shape of the function
initially used in the forward model. The final estimate
corresponds to the parameters estimated via inverse
modeling
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4. RESULTS

Figure 1 shows a comparison to daily surveyed
bathymetry from the DELILAH experiment. The tuned
model predicted seaward sediment transport during the
period of formation and seaward migration of a sandbar.
However, the model did not predict a well developed
trough, similar to the modeling results of Thornton et al.
[1996].

The model predictions were more accurate than a
prediction that there was no beach change over the study
period (rms error = 0.24 m, Figure 3), and the no-change
prediction etrror increased at twice the rate of the model
prediction error (Figure 3). The modeling exercise was
repeated with a 6-month time series of monthly bathymetric
data, which had similar wave conditions to those during the
DELILAH experiment. The model prediction error was
0.10 m, compared to 0.20 m for the no-change prediction.
The model errors saturated rapidly (e-folding time of 30
days) at a value that was half the error of the corresponding
no-change prediction errors (Figure 4). The no-change
prediction was expected to saturate at a maximum value of
0.4 m in about 6-months, with an e-folding time of about 3.

5. CONCLUSIONS

We have chosen a simple parameterization of
hydrodynamics and sediment transport along a cross-shore
profile to predict bathymetric evolution. The predictions
were compared to observations in order to tune the sediment
transport parameterization and assess the model’s predictive
ability. Only sediment transport parameters were varied in
order to fit the model to the data. This implies that, during
the tuning process, errors in the hydrodynamic model were
absorbed by the sediment transport parameterization.

In spite of many possible error sources, the tuned model
predictions were better than a prediction that the beach was
not evolving. This or perhaps any other nearshore profile
evolution model could be used to make accurate (i.e., better
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Figure 3. Time series of model errors (rms difference
between observed and modeled profile at each time
step) corresponding to the DELILAH experiment.
The “no-change” error is the difference between the
observed profile and the initial profile. Solid lines fit
to data describe asymptotic error growth.
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than “no-change”) forecasts as long as field observations are
supplied at appropriate intervals (at least every 6 months in
this case) to correct model prediction errors.

The parameter estimates from both 1-month and 6-
month comparison periods yielded predictions that were
dominated by offshore transport during periods of high
waves. The bias of the tuned models toward offshore
transport was similar to the bias reported by Thornton et al.
[1996] and Gallagher et al. [1998], who used nearly perfect
hydrodynamic inputs to drive sediment transport. This
suggests that 1-dimensional horizontal, Bagnold-type
sediment transport formulae systematically misrepresents
onshore sediment transport, perhaps due to the neglect of
alongshore variability.

ACKNOWLEDGEMENTS

This work was conducted while the author held a
CORE/NRL Postdoctoral Fellowship. Jim Kaihatu and
Chandrasekher Narayanan made helpful suggestions on
wave modeling and inverse modeling.

REFERENCES

Birkemeier, W.A., and E.B. Thomnton, The duck94
nearshore field experiment, in Proc. Coastal Dynamics '94,
edited by A.S.-Arcilla, M.J.F. Stive, and N.C. Kraus, pp.
815-821, ASCE, Barcelona, 1994.

Gallagher, E.L., S. Elgar, and E.B. Thornton,
Megaripple migration in a natural surf zone, Nature, 394
(6689), 165-168, 1998.

Plant, N.G., B.G. Ruessink, and K.M. Wijnberg,
Morphologic properties derived from a simple cross-shore
sediment transport model, Journal of Geophysical
Research-Oceans, 106 (C1), 945-958, 2001.

Thornton, E.B., and R.T. Guza, Transformation of wave
height distribution, Journal of Geophysical Research, 88
(C10), 5925-5938, 1983.

Thornton, E.B., R.T. Humiston, and W. Birkemeier,
Bar/trough generation on a natural beach, Journal of
Geophysical Research, 101, 12,097-12,110, 1996.

Wijnberg, K.M., Morphologic behavior of a barred coast
over a period of decades, Ph.D. thesis, Utrecht University,
Utrecht, NL, 1995,

* no-change
beoeneaed] + model "

Figure 4. Time series of model errors corresponding to the
6-month experiment.




