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ABSTRACT

The Cape San Bl as area of St. Joseph Peninsula is located in
the Florida Panhandle on the @lf of Mxico. The area
adj acent to the Cape was known to be highly eroding from
recent (1970's-1980's) aerial photography and beach profile
surveys of the Florida Departnment of Natural Resources. An
anal ysis of historic coastal topographic maps indicates that
hi gh erosion has continued in this zone over at |least the

| ast 110 years. The major forces causing the high erosion



are not obvious and are necessary to an understanding of the
future of the peninsula area. A particular question is
whet her presently |ow erosion areas of the peninsula wll
eventual |y beconme high erosion areas, and if so, when and
why. A large historical shoreline change data set has been
carefully assenbled on a comon coordinate system and
anal yzed. A nunerical nodel of the area has been devel oped
and calibrated against the historic data. The results
i ndicate that a certain conbination of forces is necessary to
have the nodel replicate the gross historic changes. It is
suggested that this conbination of forces helps define the
maj or coastal processes occurring at the site and very
reasonably explains the observed high erosion pattern. The
nodel was run for a future 90 year period to show what may
likely happen in the area should those forces persist. The
results should prove wuseful for coastal regulatory and

pl anni ng pur poses.

I NTRCDUCTI ON TO THE SI TE AND THE PROBLEM

St. Joseph Peninsula is located in @ulf County, Florida, on
the @ulf of Mexico. Figure 1 shows the overall geographic
| ocation, sone general bathynetry, and the Florida Departnent

of Natural Resources (DNR) coastal nonument reference points



(designated as "R' nmonunents) in the area. Also shown is a
pair of coordinate (X Y) axes superinposed over the
peni nsul a. The axes were arbitrarily selected to extend from
the Cape to the northern tip of the peninsula and will be

used as the reference axes for nodeling purposes.

St. Joseph Peninsula, in the area between Cape San Blas and
approximately R-88, is probably the npst highly eroding
section of beach in Florida. Conparative DNR beach profile
surveys in 1973 and 1983 indicate an average erosion rate of
approximately -10 ft/yr (-3 mnmyr) between R-107 and R-90,

with erosion tapering off toward the north. Conversely, the
beach has been highly accreting between R-43 and R-33, at the
northern tip of the peninsula. Fortunately, the peninsula is
only [ightly devel oped wi th single and multifamly
residential structures, and has no coastal ar nor i ng.

However, devel opment pressure here as in nost of coasta

Florida can be expected to increase over tine. The area
north of R-75 is a state park. The area of nobst concern from

a devel opnent standpoint is therefore between R 116 and R-75.

Erosi on as nmeasured by beach profile surveys over a 10 year
peri od, such as 1973 to 1983, is obscured on the peninsul a by

a beach cusp pattern which can cause fluctuations in beach



width on the order of 70 feet (20 neters). The wavel engt h
can be shorter or longer than the average 1000 feet (300

meter) |ongshore distance between DNR profiles.

A longer time frane data set is now available for this and
all other @ulf and Atlantic sandy beach areas of Florida. 1In
essence, all the historic coastal topographic survey maps by
the U S Coast & Ceodetic Survey (USC&GS), National Ccean
Survey (NOS), and U.S. Ceol ogic Survey (USGS), have been
carefully digitized and conpared on standardized scale and
coordi nate systens. This work was done by researchers at
Florida State University under contract wth the Florida
Departnment of Natural Resources (DNR). The DNR coast al
survey monunent and beach profile set was used as a shoreline
sanpling pattern with approximate 1000 feet (300 neter)
spaci ng. DNR beach profile survey data from 1973 to the
present were added by the author to the data sets. The
result is a set of conputer-generated conposite maps show ng
all the digitized shorelines, and tabulated data sets of
guantitative changes along profile bearings from the 1860's
to the present. The shoreline changes are all relative to
the location of the approximate Man H gh Water (MW
contour. This data base and sone of the nmethods devel oped

for analysis are generally described by Foster and Savage



(1989). DNR aerial photographs of 1973 and 1983 al so exi st
for this area. Al this information is available at the
Fl ori da Departnment of Natural Resources, Division of Beaches

and Shor es.

An analysis of the historic shoreline change data base
i ndi cates that high erosion |evels have continued along the
peninsula over at least the last 110 years. It was not
obvious to the author what the major forces causing the high
erosion were, and if the high erosion should be expected to
continue. A working understanding of this area is critica
if developnent is to be fairly and rationally managed in this
ar ea. For these reasons, the author has nodeled the
peni nsul a shoreline wth a nunerical |ongshore nodel, used
the historic shoreline data for calibration, and extended the
nmodel run to help predict future changes. The nodeling and

results are the primary subject of this paper

As an initial step in understanding the area, it is observed
that the peninsula is exposed to waves from the southwest
t hrough the northwest directions. Waves fromthe southwest
have a nuch | arger fetch over deeper water in the Qulf. The
prevailing weather patterns also favor higher energy waves

fromthe southwest during the winter and fromtropical storns



inthe Gulf during the summer. O fshore hindcast wave data
(U.S. Arnmy Corps of Engineers, 1988) vyields a nmean
significant wave height of 0.9 neters in 59 neters water
depth, with predom nant energy fromthe southwest over the

period 1956 to 1975.

The sand on this Peninsula consists of a varying mxture of
relatively fine grain quartz and coarse shell fragments. The
el evation of the frontal dune is very lowin the south end,
+6 to +10 feet NGVD, but rises to elevations of +20 ft NGVD
near R-90. As seen from the air, the dune ridges on the
Peni nsul a exhibit a conplex set of patterns indicating the
possi bl e exi stence of previous barrier islands which joined
to formthe present peninsula with deltaic features of the
Appal achicola River to the east. These are di scussed by
Stapor (1973), and can be seen in the DNR aerial photography.
O fshore of Cape San Blas at the southern term nus of the

peni nsul a, there are vast deltaic shoals which interact wth

waves to shape the Cape. There are frequent shoreline
changes at the tip of the Cape and this section is
particularly vul nerabl e to hurri canes. DNR aeri al

phot ographs of 1973 and 1983 indicate some refraction of
sout hwest waves by the of fshore shoals at Cape San Blas, as

woul d be expect ed.



THE MODEL

A general one-line, two-season, |ongshore nunerical nodel has
been devel oped by the author and is applied in this case.
The basic outline of the nodel is described in the Appendix
at the end of this paper. The nodel equations were devel oped
fromLeBlond (1972) and Bakker (1968), although there are
many simlar references available in the literature. In
general, a set of <coordinate (X Y) axes are selected such
that the coastline runs in an approxi mate horizontal (x axis)
direction, and is viewed froma | andward vant age point. The
shoreline is represented by positive (X, Y) points at equal X
i nterval s. The nodel is run for two successive seasons,
whi ch can be terned "winter" and "summer", to equate to one
year of wave activity. The angle of wave attack, relative to
the shoreline orientation of each segnent, and the breaking
wave energy act to change the shoreline location over tine.
For nmost places in Florida, it is the opinion of the author
that the wave climate can be sinplified into tw basic
seasons of directional wave energy, typically the winter and
sumer seasons. By experience in the use of this nodel, and
in conversation wth other nodel researchers, it appears

necessary and reasonable to factor seasonality into a nodel



if good calibration results are to be obtained. This nodel
is sinplified to two "seasons" only, and uses a basic form of
the sand transport equation (Dean and Grant, 1989). The
nodel inputs are the initial shoreline positions, the nunber
of 24 hour days per year of waves of specified breaking wave
hei ght per each segnent for each of tw seasons, and a
closure depth. The outputs are files of shoreline position
changes and sand transport vol ume changes over time for each
segnent. These can be used in alnost any graphic software to

produce plots of the results.

The shoreline locations are taken fromthe historic shoreline
(MHW data base. The initial trial conditions of average
seasonal breaking wave height , duration, and direction al ong
each segnment are devel oped from aerial photographs, avail able
wave data, and personal on-site observations over severa
years. These are nodified as necessary and reasonable to
achieve the desired calibration to successive hi storic
shorelines. The final wave conditions necessary to achieve
calibration tell a great deal about the major wave forces

controlling shoreline change in the nodel ed area.

The nodel is not intended to achieve absol ute exactness in

calibration or predictive ability. It is intended to be



generally correct in nodeling the mpjor forces, relatively
easy to wuse, and a wuseful tool in understanding coasta
processes. Programm ng ability and know edge of coasta
processes remai n necessary. Setting up boundary conditions
that achieve desired results is a critical part of the

nodel i ng.

CAL| BRATI ON AND PREDI CTI ON MODEL RUNS

The historic shorelines available for <calibration are as

follows, fromthe indicated sources:

1868 USC&GS 1: 20000 scale
1902 USC&GS 1: 20000 scale
1934 USC&GS 1: 20000 scale
1973 DNR Profile Survey

1976 USGS 1: 24000 scale
1977-8 NOS 1: 20000 scale

1983 DNR Profile Survey

For calibration purposes, the 1868 shoreline was nodel ed over
108 years to try to obtain the 1977-8 shoreline. The nodel
is set up to run for a total nunber of years divisible by

six, for convenience reasons; hence 108 years instead of



1868- 1978 = 110 years. It was decided to use the sane type
of data, i.e. topographic survey map data for the begi nning
and end of the calibration run. However, the entire sequence
of historic data wll be conpared against the results at
several points along the shoreline to show that the pattern

of change is correct.

Figure 2 shows the 1868 and 1977-8 shorelines in the chosen
coordi nate system to be used for calibration. The area to
be nodel ed extends fromzero to 50,000 feet (0-15 kn) al ong
the x axis. This is approximately from DNR nonunent R-112 to
R- 65. It was not attenpted to nodel the shoaling and
accretion north of that area or the conpl ex shoaling south of
that area. A non-interfering boundary condition was i nposed
north (to the right of) x = 60,000 feet (18 km. At the
south (left) boundary, sand transport in and out was set
equal to zero. For calibration, the nodel was run for 108

years with the follow ng i nput conditions:

Season 1 = 95 days; 30 degree wave angle relative to x axis;
1.7 foot (0.52 n) breaking wave height; 16 feet (4.9 m
cl osure depth; wave attack angle starting at x = 38,000 feet
(11.6 km approx. R-75); 26.7 degree wave attack angle

starting at x = 48,000 feet (14.6 km approx. R-66); and a



25.2 degree wave attack angle starting at x = 58,000 ft (17.7
km approx. R-56). The latter three conditions simulate a

gradual refraction pattern in the northern area.

Season 2 = 30 days; 5 degree wave attack angle throughout;

and 1.0 foot (0.3 m) breaki ng wave hei ght.

The tine step was set at 24 hours. The x interval was 200

feet (61 n).

The calibration results are graphically shown in Figure 3.
Each successive dotted/dashed |ine between the 1868 and
1977-8 solid line shorelines represents a shoreline |ocation
at 36 year intervals. The Ilast year, 1976, of the nodel is
quite close to the 1977-8 shoreline, wth the greatest

devi ation near the |left boundary.

The nodel was run again, using the 1977-8 shoreline as input
with the sane conditions, for a future 90 years. The node
results are graphically shown in Figure 4. Each successive
dott ed/ dashed line represents a shoreline |ocation at 30 year

i nterval s.



The results of both runs are conpared in Figure 5 at five
| ocations along the shoreline wth the historic sequence of
data. It appears fromthe figures that the nodel perforns
well within x = 10,000 feet (3 kn) to x = 50,000 feet (15

km, but underestinmates the erosion near the |left boundary,

i.e. closest to the Cape San Bl as shoals. Apparently the
boundary condi tion t here is not absolutely correct:
significant sand noves sout hwar d and t here are
refraction/diffraction effects of a conplex nature. It is

al so noted that the rate of shoreline change over time is not
constant, although it can be estimated at constant |evels
over certain time segnents. This type of pattern is comonly

observed in the long2term erosion data throughout the state.

There are, of course, other conbinations of conditions which
can produce a simlar match between the 1868 and 1977-8
shorelines, e.g. the wunknown actual conditions. However,
t hose conditions should not physically be that significantly
different fromthe input conditions. The very close match in
the total pattern of erosion, and the fact that the shape of
the shoreline is evolving to face the direction of the
assuned primary incom ng wave energy, both strongly argue for
the basic truth of the input conditions. A set of

drastically different conditions wll not form the sane



erosion pattern. However, on-site observations suggest that
much of the erosion may be episodic, i.e. due to storms in

the cul f.

In this wave clinate scenario, the nodel estimates net annua

sand transport to the north which varies in a systematic
manner al ong the nodel ed area. The naxi mum estimated annua

drift within the nodeled area is on the order of 200,000 cu

yds. (150,000 cu.m to the north, in the present decade.
Thi s suggests that the shoreline changes at Cape San Bl as are
supplied primarily by sand fromthe shoals and possibly from
the east, rather than by large quantities of sand fromthe
north. This appears consistent with the dune ridge pattern
on the accreting tip of the Cape, which runs east-west, and
is also consistent with the gromh of the north end of the

peni nsul a and its' shoals.

CONCLUSI ONS

The nodel appears to sinmulate the historic erosion pattern

reasonably well. The results can be interpreted as follows:

- The er osi on is primarily caused by higher-energy

sout hwesterly waves which attack at a high angle of incidence



with the shoreline. These waves are fromthe |ongest fetch
di stance. Sone refraction of the southwest waves occurs over

the northern section of the peninsula and at the Cape.

- The shoreline in the nodel ed area is apparently eroding to

achieve a lesser angle with the primary attacki ng waves.

- The pattern of erosion is non-linear. The rate of erosion
is very gradually dimnishing in time over the southern area,
and increasing towards the northern area. The rate should
remai n hi gh, approximately -10 feet/yr in the R112 to R 90

area, for the next 30 years at |east.

- The high levels of erosion on the peninsula have occurred
for at least the last 110 years and are expected to continue
for at |least the next 90 years. The conditions causing the

erosion are basic and not expected to significantly change.
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APPENDIX

Two Season, One Line, Longshore Model
Definition Sketch and General Equations

Wave » v,(te) v, (t)
ﬁY Fronts )/ 1 . !
=%Ia
— 5:1“ k—_—ﬂ -
Sy,
Yo Ya ! D
f*—Ax—+—Ax—)l
5 -
X

For any time step At:
if Q,i, > Quu.s then Y, shoreline position advances;
if Qin < Q.+ then Y, shoreline position recedes.

Qin = K ¢ sin (2 « (a=- tan’'(Y,7Y,/AX)))

Qe = K * sin (2 ¢ (a - tan'(Y,~Y,/AX)))

=
]

(k o (g/k)% o HZ3) /(16 o (s-1) « (1-p))

Yo(ty) = Y () = ((AL/(DeAX)) o (Que = Qin))

where:

Q = sediment transport in cu.ft./sec.

Y; = shoreline location at x interval "i", in feet

g = 32.2 ft./sec? = gravity

kg = 0.78 = ratio of breaking wave height to water depth
k = 0.77 = proportionality factor, recommended value

D = total depth of parallelogram cross-section, in feet
H, = breaking wave height in feet

s = specific gravity of the sediment = 2.65

P = inplace porosity of the sediment = 0.35

t = time in seconds

At = time step in seconds

AX = x interval in feet

a =

angle of the breaking wave crest with the x axis

Two Wave Climate Seasons:

The model is run for a selected number of days with
waves from one direction in order to simulate season #1
(e.g. average winter conditions). The model is then run
for another selected number of days with waves from
another direction, to simulate season #2 (e.g. average
summer conditions). The sequence of the two seasons

represents one year of average wave activity. The model
can be run for any number of years.
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