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This paper discusses an approach to spatial shoreline change rate filtering to effectively improve interpretation of
natural shoreline changes and to assist in delineating between human-induced shoreline change and natural fluctu­
ation of the shoreline. A least squares spatial filter method is applied along a section of shoreline in Brevard County,
Florida, U.S.A., to assist in assessing effects of a man-made navigation project upon adjacent downdrift shoreline.
Results of application of the technique are discussed. Methods utilized by others for temporal and spatial smoothing
of shoreline change are also noted.

ADDITIONAL INDEX WORDS: Accretion, beaches, beach width, erosion, mapping, natural system variability, nonsta­
tionarity, numerical filtering, shoreline change, spatial change, surveying, temporal change.

INTRODUCTION

Assessment of shoreline change variability with time and
space is often a difficult task where natural shoreline trends
at various spatial scales are mixed in with man-made shore­
line changes due to navigation channels or coastal structures
such as jetties or groins. Non-stationarity of shoreline change
with space or time provides an additional complicating factor
that must be dealt with. Typical shoreline change analyses
ignore temporal and spatial "noise" in shoreline change data
sets. Most investigators and agencies that regulate shoreline
development use a linear endpoint rate method to determine
shoreline change rate (WHITE and MORTON, 1987; BENTON
and MCCULLOUGH, 1988; FOSTER and SAVAGE, 1989). This
method consists at a given location of simply dividing the
change (accretion/erosion distance) between two temporal po­
sitions of the shore by the time between shoreline surveys (or
aerial photographs). One approach to eliminating some
"noise" in the temporal change rate at a given shoreline po­
sition is provided by FENSTER and DOLAN (1994), and is re­
ferred to as the Minimum Descriptive Length (MDL) method.
The MDL method basically consists of a temporal polynomial
filter that can be fit to a series of temporal observations at a
given shoreline location. Shoreline change rates (at a given
time) can then be determined at that location via the deriv­
ative of the polynomial filter. The spatial change rate "noise"
is more often ignored completely. When not ignored, the en­
gineer or geologist typically deals with the spatial "noise" via
a smoothing of shoreline change information spatially using
a simple moving average filter of equal weights over a section
of shoreline. This procedure is equivalent to averaging the
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shoreline change rate over a section of shoreline and then
plotting that change rate at the center point of the shoreline
section. The length of the shoreline section chosen to average
over is typically arbitrarily chosen. This simple moving av­
erage spatial filter is often applied without concern (or often
even knowledge) of what effects such a filtering process will
have on the data. It is known though that the effects of ap­
plying such a filter can lead to misinterpretation of under­
lying spatial trends if spatial frequency effects are not un­
derstood. As an example of these concerns, it can be shown
that the use of Simpson integration for integrating a discrete
measured process leads to high frequency noise magnification
that can actually make its use less preferable with some data
than the simpler trapezoidal integration method. In not so
extreme examples, a misapplication of a spatial smoothing
filter can introduce non-existent spatial cycles into the
smoothed data and consequently provide an incorrect inter­
preted trend where no such trend exists. The present paper
provides an application of the versatile "least squares" filter
(i.e. HAMMING(1983)) to the filtering of spatial shoreline
change rate "noise" from shoreline change rate "signal". The
approach is utilized on a segment of shoreline that has both
human-induced shoreline change erosional effects and under­
lying large natural shoreline change trends. Although sepa­
ration of the natural and human-induced shoreline change
signal is not attempted herein, it is clear in the case pre­
sented that the natural shoreline change (after the filtering
out of the high frequency random noise) has considerable spa­
tial trend that is large in magnitude, sufficiently so to mask
human-induced shoreline change trends. Additionally, the fil­
tering approach allows one to more clearly evaluate non-sta­
tionarity in data trends.
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STUDY LOCATION AND DATA OVERVIEW

The shoreline data utilized in the present study consists of
annual shoreline change rates for various time (inter shore­
line mapping or surveying) intervals along an approximately
26 mile section of shoreline in Brevard County, Florida. This
section of shoreline (Figure 1) lies to the South of Cape Ca­
naveral, Florida, the most prominant coastal feature South
of the mid Atlantic coastline capes. From 1951 thru 1954-an
entrance channel was dredged and jetties were constructed
to provide safe entrance to the newly constructed Port of Ca­
naveral on the Southeast coast of Florida. This area is a zone
of net Southward littoral sand transport (BODGE, 1993) and
numerous studies have been made to assess the effects of the

Port of Canaveral on the downdrift shoreline (i .e. BODGE,
1993; DEAN and WORK, 1993).

The historical survey data utilized comes from a data base
consisting of a number of mean high water shoreline digitized
maps developed by the Florida Department of Natural Re­
sources (DNR) (now the Department of Environmental Pro­
tection). The digitized maps in turn were derived via digitiz­
ing aerial photography or old U.S. Coast and Geodetic Survey
(now National Ocean Survey) maps. Details of the accuracy
and methodology utilized to convert the aerial and survey
data to the digitized database is covered in DEMIRPOLAT et
ale (1989). The shoreline change rate data used in the present
study is calculated from the difference in mean high water
shoreline position at two different time periods (i.e. two dif-
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ferent surveys) divided by the difference in time between the
surveys. The spatial sampling interval (points at which spa­
tial sampling for analysis purposes was made) for this par­
ticular study was approximately 300 meters.

changes and trends. These steps will be expanded upon in
the following paragraphs.

FILTER ANALYSIS AND RESULTS

where u(x) is the filtered shoreline change rate in the present
example, with Xi as the location on the shoreline, and A, B,
C being coefficients to be found. Minimizing the sum of
squares 'of the residuals from the filtering operation gives an
equation of the form

The filtering methodology utilized is discussed at length in
HAMMING(1983) although a short summary of filter features
and its application to the data is rediscussed herein. The fil­
ter process consists of fitting a FIR (finite impulse response)
moving weight filter to the data. The filter coefficients are
designed such that the filter weights when multiplied by the
data in the moving filter window best fit a polynomial of a
given order (in a "least squares" sense) to the actual data. An
example of the general form of the fitting equation for a qua­
dratic least squares filter is given as

(3)

(2)

(1)

SSR == I(u(x) - U(X)2

As results of various polynomial orders and various lengths
of window provide different transfer functions of the filter,
various implementations of the filter can be tried to obtain
the desired level of noise reduction. The best filter can be
judged by comparison of the filtered data to the original data
and by comparison of the spatial homogeneity of the resulting
passed data. In the present study polynomial orders of two
thru four were tried while window lengths of approximately
3,000 to 12,000 meters were tried with the filter orders. Use
of the filter with simulated data has shown that the filter
order used and the data window length used is by necessity
driven by the characteristics of the data with shorter window
lengths and higher order polynomials used with more pro­
nounced shoreline features. In the present study the poly­
nomial order of four and data window length of approximate­
ly 6,000 meters was found to smooth the shoreline and yet
retain the characteristics of the low oscillations in the shore­
line. Figure 2 provides the transfer function of the filter uti­
lized in the present study. The weights of the filter utilized
are shown in Figure 3.

Application of the filter was made to four intersurvey pe­
riods where the shoreline change rate in meters/year was the
process being filtered. Three of the intersurvey periods were

where SSR == sum of squares of residual from fitting opera­
tion. Upon differentiating this equation with respect to the
unknown coefficients and solving the resulting system of
equations for A, B, and C the filter expression can be found.
Typically, the filter is centered and the spatial scale is nor­
malized leading to a set of normalized filter weights which
only requires for solving the resulting system of equations for
A. For the present example with a 5 point quadratic filter a
filtered point would be

fl(x) == [-3U(X i - 2 ) + 12u(x i _ 1 ) + 17u(x) + 12u(x i + 1 )

METHODOLOGY AND RATIONALE

To ascertain the natural fluctuations of the shoreline
change rate (or change), it is helpful to separate high fre­
quency fluctuations of the shoreline change rate which can
be considered as "noise" (both measurement noise and small
spatial fluctuation) from the low frequency fluctuations of the
shoreline change or change rate which can be considered as
"signal" due to the superposition of "natural" low frequency
shoreline oscillations and a very low frequency signal from
effects of Port construction (for those time periods analyzed
after Port construction). The very low frequency effect of Port
construction can best be conceptualized by viewing of the sig­
nal produced downcoast of a complete barrier to sand, which,
for simplified purposes, would be the mirror image of the
PELNARD-CONSIDERE(1956) solution to the sand transport
"diffusion" solution for the case of no bypassing.

After removing high frequency "noise" the remaining signal
allows one to compare the low frequency oscillations of shore­
line change or change rate for time intervals "before" and
"after" Port channel and jetty construction. Assessment of
multiple time intervals "before" construction allow one to as­
sess the stationarity of the shoreline change rates. The shore­
line change low frequency "signature" between two time in­
tervals (one prior to Port construction and one subsequent to
Port construction) might allow for improved identification of
the extent of maximum Port induced shoreline recession
where "natural" shoreline fluctuation is limited in extent. At
a minimum, the low frequency "signal" allows for improved
delineation of the levels of "natural" shoreline change that
occur along this stretch of shoreline. Additionally, comparison
of the low frequency "trends" in shoreline change or change
rate prior to other man-induced changes being made allows
one to better identify periods of "natural" nonstationarity in
the data analyzed. One additional use of the filtering meth­
odology discussed here (but not expanded upon) is in assess­
ment of shoreline mapping accuracy. If numerous inter sur­
vey periods show corresponding shorelines in the same ap­
proximate location, but one survey appears to be in a far dif­
ferent location (for which there is no apparent reason), then
evidence for survey inaccuracy has been uncovered.

The investigative process discussed above was implement­
ed for the Brevard shoreline in a number of steps as follows:
(1) development of low frequency "least squares" filter as per
HAMMING (1983); (2) application of the filter to the shoreline
change and change rates for the purposes noted in the above
paragraphs; (3) plotting of the "noise" in shoreline change
with distance along the shoreline to assure spatial homoge­
neity in the high frequency "noise" levels; (4) mapping of the
probability density function of the high frequency "noise" and
comparison to the Gaussian density curve based on Method
of Moment analysis of the "noise"; and (5) plotting the low
frequency oscillation in shoreline change and change rate to
assess the natural and man-made low frequency shoreline
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Figure 2. Transfer Function of Least Squares Filter. Figure 4. Actual and Filtered Shoreline Change Rates (1947-1969).

for periods prior to construction of the Port while one inter­
survey period after Port construction was filtered. For the
period prior to Port construction, two of the three intersurvey
periods filtered were adjacent but independent time periods,
while the third intersurvey period encompassed the two oth­
ers. The time periods covered were: (1) Prior to construction:
1876-1928, 1928-1947, and 1876-1947; and (2) Post con­
struction: 1947-1969. As construction of the Port initiated in
1951 the post port construction data interval was assumed
1951-1969. An example plot of both the measured annual
shoreline change rate and the filtered shoreline change rate
for the post Port construction period is given in Figure 4 to
show the characteristics of the filtering operation.

Plots of the filtered annual shoreline change rates for the

three intersurvey periods prior to construction are shown in
Figure 5. It is apparent in this Figure that the two indepen­
dent intersurvey periods, 1876-1928 and 1928-1947 are
clearly very different in their trends of accretion and erosion.
The earlier intersurvey period shows a more dominant trend
of accretion near the Port location (prior to Port construction)
and a relatively stable « O.5meters / year) shoreline further
away from the Port location. The latter intersurvey period
shows low frequency oscillations have developed in the shore­
line. The intersurvey period which encompasses the entire
time span, 1876-1947, again looks similar to the earlier in­
tersurvey interval due to the longer time interval represented
by the earlier intersurvey period. It should be noted that po-
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Figure 7. High Frequency Shoreline Change Rate Noise (1947-1969).
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Results of the above investigation show an effective filter­
ing technique for eliminating high frequency noise from

2.5

Figure 8. Probability Density and Gaussian Fit to H.F. Noise (1947­
1969).

quency noise. A probability density function of the high fre­
quency noise for the same set of data is shown in Figure 8
where a Gaussian frequency curve has been fit to the data to
show that the high frequency noise can be considered Gauss­
ian in nature. The reason for the high bin value at zero is
due again to the end points of the filtering process producing
zero noise which was not taken out in this analysis. Similar
trends for a Gaussian distribution of the high frequency noise
were again seen for all intersurvey periods analyzed.

tential bias in the location of the mean sea level of the 1947
data (FOSTER; 1994) does not allow for reliable mean rates
of shoreline change in intersurvey periods that include this
data. For this reason intersurvey periods that include the
1947 data must be interpreted based on relative spatial
changes rather than absolute rates. It is clear from this Fig­
ure that the pre Port shoreline change trends appear to be
non-stationary and that interpreting the more 'recent events
by the earlier data or even the entire data time period could
be very misleading.

Figure 6 provides the filtered shoreline change rates for the
period just prior to Port construction and just after Port con­
struction. In both the prior Port intersurvey period and the
post Port intersurvey period large low frequency oscillations
in shoreline change rates are apparent. In addition, the low
frequency oscillations are out of phase with each other, there­
fore providing large shoreline change rates for given localities
along the shoreline. These large change rate differences be­
tween intersurvey periods are much larger that any average
change rate for the shoreline. Except for the near vicinity to
the Port, these low frequency oscillations in the shoreline
change rates considerably mask any overall signal due to
Port construction which would show up as a decreasing (with
distance from the Port) erosion rate under the scenerio of an
assumed net Southward littoral drift.

An example of the characteristics of the high frequency
noise that have been disregarded in this analysis are as
shown in Figure 7 which is for the post Port construction
period. It is clear that there is no spatial inhomogeneity in
the shoreline noise for the filter utilized. It should be noted
that since the filter requires data on either side of the filtered
point, the first few points are zero. As the plot does not en­
compass the entire shoreline analyzed, similar zero noise val­
ues are not shown at the distant end. In all cases, similar
trends were seen in the spatial homogeneity of the high fre-
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shoreline trend analysis and clarifying shoreline change rate
analysis. Comparison of filtered shoreline change rates show
that shoreline change rates may have low frequency oscilla­
tions in them that mask other non natural signals and even
exceed by a large measure the mean trend of the shoreline.
High frequecy noise in the shoreline change rates is noted to
be reasonably Gaussian and spacially homogeneous. Non-sta­
tionarity in shoreline change rates can provide complications
to shoreline trend analysis.

ACKNOWLEDGEMENTS

The author would like to especially thank Mr. Emmett Fos­
ter of the Florida Department of Environmental Protection
for providing the data utilized herein, and in answering ques­
tions concerning the data. Additionally, the author would like
to thank Mr. David Schmidt, Mr. Tom Smith, and Mr. Mitch
Granat of the Jacksonville District Office, Army Corps of En­
gineers throughout the course of this study. Mr. Granat and
Mr. Smith were also instrumental in providing help to rework
the raw data provided by the DEP.

The work presented herein was conducted during the
course of various ongoing investigations of the Brevard Coun­
ty shoreline for beach nourishment requirements and erosion
control. Permission was granted by the Chief of Engineers to
publish this information.

LITERATURE CITED

BENTON, S.B. and MCCULLOUGH, M., 1988. Average Annual Long
Term Erosion Rate Update: Methods Report. Raleigh, North Caro­
lina Department of Natural Resources and Community Develop­
ment Technical Report, Division of Coastal Management, 8 p.

BODGE, K.R. 1993. Gross transport effects and sand management
strategy at inlets. Journal of Coastal Research, Special Issue No.
18, pp.111-124.

DEAN, R.G. and WORK, P.A. 1993. Interaction of navigational en­
trances with adjacent shorelines., Journal of Coastal Research,
Special Issue No. 18, pp.91-110.

DEMIRPOLAT, S.; TANNER, W.F.; ORRAN, H.; HODGES, S.A., and
KNOBLAUCH, M.A., 1989. High precision study of Florida shoreline
change, Proceedings Coastal Zone 89 (ASCE), pp. 683-697.

FENSTER, M. and DOLAN, R., 1994. Large-scale reversals in shore­
line trends along the U.S. Mid-Atlantic coast. Geology, 22, 543­
546.

FOSTER, E.M. 1994. Personal Conversation.
FOSTER, E.M. and SAVAGE, R.J., 1989. Methods of historical shore­

line analysis. Proceedings Coastal Zone '89 (ASCE) p. 4434-4448.
HAMMING, R.W., 1983. Digital Filters Englewood Cliffs, New Jersey:

Prentice-Hall.
PELNARD-CONSIDERE, R. 1956. Essai de Theorie de l'Evolution des

Forms de rivages en Plage de Sable et de Galets. 4th Journees de
l'Hydraulique, les Energies de la Mer, Question III, Rapport No.1,
pp.289-298.

WHITE, W.A. and MORTON, R.A. 1987. Historical Shoreline Changes
in San Antonio, Espiritu Santu, and Mesquite Bays, Texas Gulf
Coast. Bureau of Economic Geology Geological Circular 87-1, Uni­
versity of Texas, Austin, Texas.

Journal of Coastal Research, Vol. 14, No.4, 1998


