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Obi ecti.ve

Our objective is to quantify relationships among shoreline

form, coastal dynamics, and physical features along the mid-

Atlantic coast. Our research is designed to predict areas of

vulnerability to shoreline erosion and storm surge penetration.

Sources for our data are Landsat enlargements, aerial photo-

graphy, and field measurements.

Scope of work

During this reporting period our emphasis has been on analy-

sis of field data gathered during the summer of 1976 on Cape

Hatteras and Assateague Island. we will present the initial

results of the analysis of the Assateague data in this report.

In addition, we have completed historical mapping of shoreline

erosion and storm-surge penetration for Cape Lookout National

Seashore, and have completed half of our scheduled mapping for

the southern New Jersey coast.

Summary of Conclusions

Initial analysis of our data for Assateague Island leads

us to believe that there are strong positive relationships

between the width of the sub-aerial beach and the rate of

shoreline erosion and between the slope of the swash zone and

the orientation of the coast. Inverse relationships exist be-

tween the height of the foredune and the mean plus standard

deviation of rate of shoreline erosion; between the slope of the

sub-aerial beach and the standard deviation of shoreline erosion;

and between the height of the foredune and the width of the sub-

aerial beach. The relationships between sand grain size and

the other variables which we measured are weak.
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INTRODUCTION

In the April quarterly report of 1976 we stated our hypo-

thesis that there is a measurable relationship between shore-

line form (coastal orientation) and coastal dynamics (shoreline

erosion). Through measuring historical shoreline change from

low-altitude aerial. photography and current shoreline form from

Landsat imagery, we were able to determine historical erosional

trends and their correlation with coastal orientation. Some

of these correlations were very high (greater than .9 at .0..

significance level), and it was our hope that an additional

data base of physical beach features would also present signi-

ficant trends.

Included in the quarterly report for September, 1976 was a

discussion of the field work which was recently completed on

Cape Hatteras and Assateague Island during June and July last

summer. That report describes the various field measurements

and relevant observations. These data are now being analyzed.

ACCOMPLISHMENTS

Beach data gathered during the summer of 1976 has been

processed and combined with data on historical shoreline erosion

and current coastalcoastal orientation for Assateague Island. Our

analysis includes correlations, multiple regression and eigen-

vector analysis. Results of correlation tests are presented in

this report. Similar data for Cape Hatteras are now being

processed.

During this time period we have also completed the his-

torical mapping of shoreline erosion and storm surge penetration

for six time periods from 1940 to 1976 for Cape Lookout National

Seashore. We have currently more than half-way completed simi-

lar mapping of the southern New Jersey coast.

METHODS

Last summer, field measurements were taken of the foredune

1
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height and slope, sub-aerial beach width and slope, swash width

and slope, and grain samples were taken at the base of the dune

and at the berm at 89 selected sites along the coast of Assateague

Island and 180 sites along the coast of Cape: Hatteras (NASA

Quarterly Report, 9/28/75). The sediment samples from Assateague

Were analyzed in two differunt ways. With the first method,

we used a large projecting microscope and took measurements of the

"b" axis of 60 random grains from each sample. In this way it

was possible to determine the mean grain size and its standard	
r

deviation. With the second method, a Rapid Sediment Analyzer (RSA)

Was used, which made an evaluation of the hydraulic sorting of

the sample possible in addition to the mean grain size. Although

the microscope analysis produced slightly higher correlations

than the RSA, the method wac too time consuming to warrant further

use. Therefore, only the RSA will be used for Cape Hatteras.	
S

To date three methods of data analysis are being used - corre-

lation studies, multi-linear regression, and eigenvector analysis.

In this report, we will present the initial results of the cor-

relation analysis for Assateague.

Our objective is to quantify the relationships between the
e

physical beach data and two variables we have already measured,

historical shoreline erosion and current coastal orientation.

With the use of Landsat imagery, we have developed a method to

measure the orientation of relatively straight-"line segments of

the coast with respect to the north/south axis. Nodal points

mark the intersection of adjacent segments. We have written a

computer program which locates these nodes based on a prescribed

angle between adjacent segments. The number of segments is

successively reduced as the prescribed angle is increased, until

the final output reduces the entire coast to one straight segment

Which defines the mean orientation of the coast (NASA Quarterly

Report 4/27/76 and 6/18/76). This allows us to analyze relation-

ships between shoreline form, processes, and physical features

from the micro-scale (meters) to the meso-scale (kilometers). We

found in our studies with erosion and orientation that the high-

2
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est correlations were reached as the number of coastal segments

were reduced and the mean length increased. lie found this to

be true also when the field data was included in the analysis.

The 89 field data points for Assateague were randomly dis-

tributed along the entire coast. The values of each variable

used in correlation calculations was the mean over all data points

within a segment of the coast as defined by a given iteration of

the computer output. The variables used in the analysis are the

following (abbreviations rofer to the listings in Table 1 and

Table 2):

1. EROSRT: mean erosion rate of shoreline (m/yr)

2. DMRSA: median grain sizo at dune (mm),measured by RSA

3. BMRSA: median grain size at berm (mm) measured by RSA

9. DSRSA: grain size sorting at- dune measured by RSA

5. DSRSA: grain size sorting at berm measured by RSA

6. FHGHT: foredune height (m)

7. FSLOPE: foredune slope

B. BSLOPE: sub-aerial beach slope (dune to berm)

9. SSLOPE: swash slope

10. SWDTH: swash width (m)

11. SLSTDV: standard deviation of shoreline erosion rate (m/yr)

12. DWDTH: sub-aerial beach width (m)

13. MPSTD: mean plus one standard deviation of shoreline erosion
rate	 (m/yr)

14. ORIENT: orientation of coastal segments 	 (degrees).

SIGNIFICANT RESULTS

Table 1 presents correlation coefficients between variables

of coastal orientation, shoreline erosion, and physical beach

features for breakdown of Assateague Island into 55 straight-line

coastal segments. Table 2 presents the same information for 8

coastal segments.

Correlations for 55 segments are quite low, showing few

values greater than .6. Most of the correlations substantially

increased when they were run for the breakdown of Assateague into

3
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8 coastal segments. Some of these correlations reflect strong

and important relationships. As we previously reported, the

correlation between coastal orientation and the standard devia-

tion of rate of shoreline erosion is .9j at the .01 level of

significance. This is the strongest relationship in the table.

Other significant relationships are orientation and swash slope

(.84); standard deviation of evosi.on and sub-aerial beach slope

(-.79); foredune height and sub-aerial beach width (-.89); fore-

dune height and mean plus standard deviation of erosion (-.81);

and rate of erosion over time and sub-aerial beach width (.72).

We found low correlation between sand grain size and erosion

(most values under .2, absolute value), and between sand grain

sire and orientation (less than .1, absolute value).

CONCLUSIONS

Based on the figures in Table II, we may conclude the fol-

lowing	 1) the width of the sub-aerial beach from the berm

line to the base of the foredune is positively related to the

mean rate of shoreline erosion; i.e. wider beaches erode faster

over long periods of time than do narrow beaches.

2) The height of the foredune has an inverse relationship

to the mean plus standard deviation of shoreline rate of erosion

(a combined measure of the long-term trend and the episodic

storm event); i.e. high values for this measurement of shoreline

erosion may be found in those areas where low foredunes exist.

3) The standard deviation of shoreline erosion has a high

inverse relationship with the sub-aerial beach slope; i.e. where

the beach is fairly level or sloping downwards toward the base

of the foredune, one would expect high variability over time in

the location of the shoreline.

4) The slope of the swash zone is highly related to the

orientation of the coast; i.e. as the orientation of a straight

segment of the coast approaches a more northerly direction (as

measured from south to north in a counter-clockwise direction),

the slope of the swash zone increases.

6
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S) The hieglht of the foredune an< the width of the sub-

aerial beach are inversely related; i.a. high foreduncs are

usually associated with narrow heaches and vice-versa.

6) There is a weak correlation between sand grain size

and the relative magni.fudes of sloreline erosion along Assateague

Island, or between sand grain size and coastal orientation.

7) As previously reported, there is a very strong rela-

tionship between standard deviation of shoreline erosion and

coastal orientation for Assateague Island; i.e. one would ex-

pect that the variability in location of the shoreline over

Lima would be greatest in those segments of the coast that have

more of a north/south orientation than an east/west orientation.

PROBLEMS

Most of foredunes on Assateague Island have been created

or stabilized and maintained by man, especially following the

Ash Wednesday storm of 1962. Furthermore, the Ocean City Inlet

jetties directly affect the daily sediment transport to and

configuration of the northern ten kilometers or more of Assa-

teague. We have not yet determined how these facts influence

our data and have not yet considered them in our analysis.

This is one reason why it is important to study the relationships

among coastal variables on ocher barrier islands.

RECO14MENDA`.CIONS

Our current NASA project is scheduled for termination on

1 June 1.977. We recommend that the project be funded for another

year in order to continue analysis of data already in hand for

Assateague and Cape HatL-^iras, to collect and analyze field data

at Cape Lookout, and •co generally expand our studies of shore-

line form, coastal processes, and physical features into other

areas along the mid-Atlantic coast, such as the Delmarva Pen:4.n-

sula and Virginia Beach and Back Bay. To this end we have sub-

mitted informal proposals to NASA-Goddard and NASA-Langley.

7
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PROGRAM FOR NEXT REPORTING INTERVAh

The work schedule between now and 1 June 3.977 will dolivnd

somewhat on whether or not we get refunded beyond that date.

If we do not receive additional funding, our work will be pointed

towards publishing a final, report- in June. This will be a rather

lengthy document that will summarize tho entire two-year projecL.

In it we will discuss data sources and types, procedures used,

techniques developed, methods of analysis, and results achieved.

If we obtain additional funding, we will spend less time on

writing the June report, and we would spend more time on data

acquisition and analysis.

PUBLICATIONS

A paper entitled "Shoreline Configuration and Shoreline

Dynamics - A Diesosclae Analysis" by R. Dolan, B. Hayden, J.

Maywood, and L. Vincent has been accepted for publication by

Science magazine. The paper summarizes sonic of our research

and resultn as reported in previous NASA Quarterly Reports.

A mock-Lip of an in-house publication entitled "Atlas of

Environmental Dynamics - Assateague Island" has been completed,

and final revisions are being made in preparation for publica-

tion. Although funding is provided primarily by the National

Park Service, much of the data and analysis are the result of

research funded by NASA.

A paper entitled "Vegetation Changes Associated with Barrier-

Dune Construction on the Outer Banks of North Carolina" by P.

Michael Schroeder, R. Dolan, and B. Hayden has been published

in Vol. 1, No. 2 (1976) of Environmental Management magazine.

The research was conducted under grants from NASA and the Nation-

al Park Service and employed mapping technic{ucs descrsbed in the

NASA Quarterly report dated 27 April 1976.
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